
 
 
 
 
 
 
 

https://theses.gla.ac.uk/ 
 
 
 

 

Theses Digitisation: 

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/ 

This is a digitised version of the original print thesis. 

 

 
 
 
 
 
 
 

Copyright and moral rights for this work are retained by the author 
 

A copy can be downloaded for personal non-commercial research or study, 

without prior permission or charge 
 

This work cannot be reproduced or quoted extensively from without first 

obtaining permission in writing from the author 
 

The content must not be changed in any way or sold commercially in any 

format or medium without the formal permission of the author 
 

When referring to this work, full bibliographic details including the author, 

title, awarding institution and date of the thesis must be given 
 
 
 
 
 
 
 
 
 
 
 
 

 
Enlighten: Theses 

https://theses.gla.ac.uk/ 

research-enlighten@glasgow.ac.uk 

http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk


E x t r a c e l l u l a r  scaveng ing  o f  oxygen r a d i c a l s  produced by 

polym orphonuclear le u k o c y te s  -  th e  r e le v a n c e  to  

rheum ato id  a r t h r i t i s

ONE VOLUME

MARY ELIZABETH HOLT 

M.B., Ch.B. (G lasgow ), M.R.C.P. (U .K.)

DEGREE OF M.D.

U n iv e r s i t y  o f  Glasgow

Departm ent o f  M edical B iochem is try  
U n iv e r s i ty  o f  Wales C o llege  o f  M edicine 

and
D epartment o f  Rheumatology 

U n iv e r s i t y  H o s p i ta l  o f  Wales 
C a r d i f f  

South  Glamorgan

Subm itted  J u ly  1986



ProQuest Number: 10987023

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest
ProQuest 10987023

Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106- 1346



C O N T E N T S
L i s t  o f  T ab les  

L i s t  o f  I l l u s t r a t i o n s  

Acknowledgements 

Summary o f  T h es is  

F r o n t i s p i e c e  -  I l y a  I

C hap ter  1 -  I n t r o d u c t io n  p.27

1.1 H i s t o r i c a l  Background to  t h i s  T h e s is  p.28

1.2 The N e u tro p h i l  Po lym orphonuc lear  Leukocyte p.33

1 .2 .1  C e l l  morphology, k i n e t i c s  and f u n c t io n s

1 .2 .2  The PMN r e s p i r a t o r y  b u r s t

1 .2 .3  Oxygen r a d i c a l s  -  p o t e n t i a l  fo r  d i s e a s e  p a th o g e n e s is .

1 .3  Oxygen R a d ic a ls  i n  Rheumatoid A r t h r i t i s  pt6 6

1 .3 .1  The PMN a t  s i t e s  o f  d i s e a s e  a c t i v i t y

1 .3 .2  B iochem ical ev id en ce  f o r  oxygen r a d i c a l  r e a c t i o n s  

1.3*3 E f f e c t s  o f  a n t i - i n f l a m m a to r y  and a n t i - r h e u m a t i c  d rugs

1.4 Measurement o f  oxygen r a d i c a l s  produced by PMN p.8 4

1 .4 .1  A v a i la b le  methods

1 .4 .2  PMN lum ino l dependent chem ilum inescence

1 .5  The Problems p.93

1.6 Aims o f  T h e s is  P.94

C hap te r  2 -  G enera l Methods p.9 6

2.1 M a te r i a l s  p 9 8

2 .1 .1  R adiochem icals

2 .1 .2  Enzymes

p .8

P.I3 

p. 2 0  

p.22

ly i c h  M e tch n ik o ff

2



2 . 1 .3  Chem icals

2 .1 .4  Drugs

2 .1 .5  Equipment

2 .2  Media, B u f f e r s  and S tock  S o lu t io n s

2 .3  S t a t i s t i c s

2 .4  O r ig in s  o f  Whole Blood and S ynov ia l  F lu id  Samples

2 .5  O p so n isa t io n  o f  2ymoson

2 .6  Assay f o r  L a c ta te  Dehydrogenase

2 .7  Assay f o r  Adenosine T r ip h o sp h a te

2 .8  A ppara tus  f o r  Measurement o f  Chemiluminescenoe

2 .8 .1  S p e c i f i c a t i o n  o f  lum inom eters

2 .8 .2  S ta n d a r d i s a t io n  o f  lum inom eters

2 .9  I s o l a t i o n  o f  Human PMN from Whole Blood

2 .9 .1  Method

2 .9 .2  C r i t e r i a  o f  p r e p a r a t io n

2.10 M easurement o f  Oxygen Consumption by PMN u s in g  an oxygen

e l e c t r o d e  p 118

2.11 J u s t i f i c a t i o n  f o r  th e  u se  o f  Luminol Dependent Chem ilum inescence 

a s  a  M onito r  o f  Oxygen R ad ica l  P ro d u c t io n  by PMN p l ! 9

2 .1 1 .1  Comparison w ith  PMN endogenous chem ilum inescence

2 .1 1 .2  R e la t io n s h ip  to  oxygen consumption

2 .1 1 .3  Dependence on oxygen r a d i c a l  p ro d u c t io n

2 .12  S ta n d a r d i s a t i o n  o f  PMN Luminol Chemiluminescence p I2 I

2 .1 2 .1  P a ram eters  o f  measurement

2 .1 2 .2  C o n d it io n s  o f  a s sa y

C hap te r  3 -  C h a r a c t e r i s a t i o n  o f  Luminol Dependent Chem ilum inescence a s

an I n d i c a t o r  o f  Oxygen R ad ica l  P ro d u c t io n  by PMN p I2 5

3.1  I n t r o d u c t io n  p | 2 6

plOI 

p I02 

p I03  

p I04 

p I04 

p 105 

p I06

p II 3

3



3 .2  Methods p 127

3 .2 .1  G enera l

3 .2 .2  Immune Complexes

3 -2 .3  C h a r a c t e r i s a t i o n  o f  a  s o l i d  phase  chem ilum inescence 

i n d i c a t o r .

3 .3  R e s u l t s  p 130

3 .3 .1  C h e m i lu m in e s c e n c e  o f  PMN s t i m u l a t e d  by unopson ised  

l a t e x  p a r t i c l e s

3 .3 .2  C h e m i lu m in e s c e n c e  o f  PMN s t i m u l a t e d  by o p s o n i s e d  

zymosan

3 .3 .3  C h e m i l u m i n e s c e n c e  o f  PMN s t i m u l a t e d  by t h e  

c h em o tac t ic  p e p t id e  n - fo rm y l-m e t- le u -p h e .

3 .3 .4  C h e m i lu m in e s c e n c e  o f  PMN s t i m u l a t e d  by im m une 

complexes

3 -3 .5  L o c a l i s a t i o n  o f  PMN lum ino l chem ilum inescence

3 .4  D is c u s s io n  p I40

3 .5  Summary p I46

C hap ter  4 -  In v e s t ig a t io n  o f  rheum ato id  serum and s y n o v ia l  f l u i d  f o r  

th e  p re s e n c e  o f  s t im u la to r y  o r  i n h i b i t o r y  f a c t o r s  o f  PMN 

lum ino l dependent chem ilum inescence p l 4 8

4.1 I n t r o d u c t io n  p I49

4 .2  Methods p l 5 l

4 .2 .1  G enera l

4 .2 .2  S e p a ra t io n  o f  PMN from s y n o v ia l  f l u i d

4 .3  R e s u l t s  p l5 9

4 .3 .1  L u m i n o l  c h e m i l u m i n e s c e n c e  o f  r h e u m a t o i d  PMN -  

com parison w ith  norm al PMN

4 .3 .2  I n v e s t i g a t i o n  o f  rheum ato id  s y n o v ia l  f l u i d  and serum 

f o r  s t i m u l i  o f  PMN lu m in o l  chem ilu m in escen ce

4



4 . 3 .3  I n v e s t i g a t i o n  o f  s y n o v i a l  f l u i d  and  se ru m  f o r  

i n h i b i t o r s  o f  PMN lu m in o l  chem ilum inescence .

4 .4  D is c u s s io n  p ! 6 9

4 .5  Summary P 173

C hap te r  5 -  I n v e s t i g a t i o n  o f  t h e  i n h i b i t o r y  e f f e c t  o f  serum and s y n o v ia l  

f l u i d  on PMN chem ilum inescence; ev id en ce  f o r  oxygen r a d i c a l  

scaveng ing  by a lbum in p 175

5.1 I n t r o d u c t io n  p I7 6

5 .2  Methods p I 7 7

5 .2 .1  G enera l

5 .2 .2  Measurement o f  0 2 *“ by f e r r ic y to c h ro m e  c r e d u c t io n

5 .2 .3  A c e l l u l a r  lu m ino l chem ilum inescence .

5 .3  R e s u l t s  p 182

5 .3 .1  I n h i b i t i o n  o f  PMN chem ilum inescence by serum album in

5 .3 .2  Lack o f  e f f e c t  o f  a lbum in  on c e l l  v i a b i l i t y  and l i g h t  

t r a n s m is s io n

5 .3 .3  Lack o f  e f f e c t  o f  a lbum in on lum ino l e x c i t e d  s t a t e

5 .3 .4  E f f e c t  o f  d ia ly s e d  album in on PMN chem ilum inescence

5 . 3 .5  E f f e c t  o f  a l b u m in  on PMN o xygen  c o n s u m p t io n  and  

cytochrome c r e d u c t io n .

5 .4  D isc u s s io n  p 2 0 2

5 .5  Summary p 2 0 7

C hap ter  6 -  I n v e s t i g a t i o n  o f  th e  mechanism by which album in  scav en g e s  

oxygen r a d i c a l s  ; th e  r o l e  o f  t h i o l  group o x id a t io n

6.1 I n t r o d u c t io n  p 2 0 9

6 .2  Method p 2 IO

6 .2 .1  G enera l

6 .2 .2  Assay f o r  t h i o l  groups

5



6 . 2 .3  Assay f o r  p r o t e i n  c o n c e n t r a t i o n s  i n  s y n o v ia l  f l u i d

6 .3  R e s u l t s  p 2 I 4

6.3*1 O x i d a t i o n  o f  f r e e  and  p r o t e i n  bound t h i o l  g r o u p s  

exposed t o  PMN

6.3*2 Comparison o f  th e  e f f e c t s  o f  reduced  g l u t a th i o n e  and

album in on PMN lu m in o l chem ilum inescence

6 .3*3  Serum  and  s y n o v i a l  f l u i d  t h i o l  l e v e l s  i n  p a t i e n t s

w ith  rheum ato id  a r t h r i t i s .

6 .4  D is c u s s io n  p225

6 .5  Summary p230

C hap ter  7 -  E f f e c t  o f  a n t i - in f la m m a to ry  and a n t i r h e u m a t ic  d rugs  on th e

g e n e r a t io n  o f  r e a c t i v e  oxygen m e ta b o l i t e s  by th e  PMN 

r e s p i r a t o r y  b u r s t  p232

7.1 I n t r o d u c t i o n  p 2 3 3

7 .2  Methods p 2 3 4

7 .2 .1  G enera l

7 .2 .2  Drug S o l u b i l i s a t i o n

7 .3  R e s u l t s  p 2 3 9

7.3*1 Non s t e r o i d a l  a n t i - in f la m m a to ry  d rugs  

7*3*2 A nti  rh eu m a tic  d rugs

7*4 D isc u s s io n  p254

7 .5  Summary p 2 6 0

C hap te r  8 -  C onc lus ions  and F u tu re  P r o s p e c ts  p 2 6 2

8.1 C onc lusions  p 2 6 3

8 .2  F u tu re  P ro s p e c ts  p267

L i s t  o f  R efe ren ces  p269

6



Appendix I  -  L i s t  o f  p u b l i c a t i o n s  and communications t o  le a rn e d  s o c i e t i e s

and s c i e n t i f i c  m ee tings  a r i s i n g  d i r e c t l y  from t h i s  work p 318

Appendix I I .  -  L i s t  o f  a b b r e v i a t i o n s  used i n  t e x t  o f  T h e s is  p 320

7



Table  1 

T ab le  2

T able  3

T ab le  4 

Table  5

T able  6

T able  7 

Table  8

Table 9

T able  10

T able  1

Table  1

T able  1 

Tab le  1

LIST OF TABLES 
C hap ter  1

Human PMN A zuroph il  and S p e c i f i c  G ranu le  Components 

M e c h a n i s m s  o f  e x t r a c e l l u l a r  r e l e a s e  o f  PMN g r a n u l e  

c o n s t i t u e n t s

P o t e n t i a l  f o r  t o x i c i t y  o f  PMN g ra n u le  c o n s t i t u e n t s  r e l e a s e d  

e x t r a c e l l u l a r l y

S t im u la n ts  o f  PMN r e s p i r a t o r y  b u r s t

C o m p a r i s o n  o f  i n t r a c e l l u l a r  a n d  e x t r a c e l l u l a r  

c o n c e n t r a t i o n s  o f  s u p e r o x i d e  d i s m u t a s e  and  c a t a l a s e  i n  

human t i s s u e .

C l a s s i f i c a t i o n  o f  d i s e a s e s  i n  whch in c re a s e d  o r  d e c re a se d  

oxygen r a d i c a l  c o n c e n t r a t i o n s  have been im p l i c a te d .

A r t i c u l a r  a b n o r m a l i t i e s  in  rheum ato id  a r t h r i t i s .

E v id e n c e  f o r  i n v o l v e m e n t  o f  o x y g e n  r a d i c a l s  i n  t h e  

p a th o g e n e s is  o f  rheum ato id  a r t h r i t i s .

Methods f o r  d e t e c t i n g  oxygen r a d i c a l s  and r e a c t i v e  oxygen 

m e ta b o l i t e s  i n  b i o l o g i c a l  sy s tem s .

PMN lu m in o l  dependent c h e m i l u m i n e s c e n c e  -  e n v i r o n m e n t a l  

v a r i a b l e s .

C hap te r  2

C a l i b r a t i o n  o f  l u m > i n o m e t e r s  'A ' and  'B ' w i t h  t r i t i a t e d  

i n u l i n  s ta n d a rd s  a t  room te m p e ra tu re  (22°C ).

S t a b i l i t y  o f  l u m i n o m e t e r s  t e s t e d  by  t h r e e  q u e n c h e d  

t r i t i a t e d  i n u l i n  sam ples over e i g h t  months.

G eom etric  co n v e rs io n  f a c t o r s  f o r  lum inom eters  'A '  and 'B ' .

A t y p i c a l  i s o l a t i o n  o f  PMN from whole b lood show ing  y i e l d  

and p u r i t y  in  c e l l  p r e p a r a t io n  a t  each  s t a g e .

8



T able

Table

Table

Table

Table

T able

T able

Table

Table

Table

15 R a te  o f  l a c t a t e  d e h y d r o g e n a s e  r e l e a s e  by PMN f o l l o w i n g  

i s o l a t i o n  from whole b lood.

C h ap te r  3

16 M easurement o f  PMN lu m in o l  dependent ch em ilum inescence  -  

c o m p a r i s o n  o f  c o n d i t i o n s  o f  l u m i n o l  c o n c e n t r a t i o n ,  

te m p e ra tu r e  and p r o t e i n  c o n c e n t r a t i o n  used i n  t h i s  t h e s i s  

w ith  th o s e  o f  o th e r  w orkers  1976 -  1983.

C hap te r  4

17 C l i n i c a l  d e t a i l s  P a t i e n t s  (A) t o  ( J )  C hap te r  4

18 C l i n i c a l  d e t a i l s  P a t i e n t s  (K) t o  (R)

19 C h e m i lu m in e s c e n c e  o f  s y n o v i a l  f l u i d  s a m p l e s  f o l l o w i n g  

d i f f e r e n t i a l  c e n t r i f u g a t i o n .  E f f e c t  o f  a d d i t i o n  o f  

ch em o tac tic  p e p t id e .

20 PMN and  ATP c o n c e n t r a t i o n s  i n  s y n o v i a l  f l u i d  s a m p l e s  

fo l lo w in g  d i f f e r e n t i a l  c e n t r i f u g a t i o n .

21 P e r i p h e r a l  b lo o d  PMN c h e m i l u m i n e s c e n c e .  Q u a n t i t a t i v e  

v a r i a t i o n s  -  norm al s u b j e c t s .

22 P e r ip h e r a l  b lood  and s y n o v ia l  f l u i d  PMN ch em ilu m in escen c e .  

Q u a n t i t a t i v e  v a r i a t i o n s  -  p a t i e n t s  w i t h  i n f l a m m a t o r y  

a r t h r o p a t h i e s .

23 E f f e c t  o f  d i a l y s i s  on i n h i b i t i o n  o f  r e s t i n g  and s t i m u l a t e d  

PMN lum ino l dependent chem ilum inescence caused  by serum .

C hap ter  5

24 Comparison o f  e f f e c t  o f  human serum a lb u m in ,  o p s o n i s a t i o n  

and  1gG c o a t i n g  on s t i m u l a t i o n  o f  PMN l u m i n o l  d e p e n d e n t  

chem ilum inescence  by l a t e x  p a r t i c l e s .

9



T able  25 E f f e c t  o f  Human Serum  A lb u m in  on PMN ATP c o n t e n t  and

l a c t a t e  dehydrogenase  r e l e a s e .

T ab le  26 C o m p a r is o n  o f  E f f e c t  o f  A lb u m in  on 1 s t  and  2nd p h a s e s  o f

o p s o n i s e d  zym osan  and  c h e m o t a c t i c  p e p t i d e  in d u c e d  PMN 

chem ilum inescence .

Table  27 Comparison o f  th e  e f f e c t s  o f  d ia ly s e d  and u n d ia ly s e d  human

s e r u m  a l b u m i n  o n  r e s t i n g  a n d  s t i m u l a t e d  PMN 

chem ilum inescence .

Table 28 E f f e c t  o f  c o r r e c t i o n  o f  c a l c i u m  i o n  c o n c e n t r a t i o n  on

i n h i b i t i o n  by a lbum in  o f  background PMN chem ilu m in escen ce  

and maximum peak h e ig h t  op so n ised  zymosan s t i m u l a t e d  PMN 

chem ilum inescence .

Table  29 C o m p a r is o n  o f  i n h i b i t i o n  o f  b a c k g ro u n d  and  p e a k  h e i g h t

o p s o n i s e d  zym osan  s t i m u l a t e d  PMN c h e m i l u m i n e s c e n c e  by 

d i a l y s e d  w h o le  ( h e a t  t r e a t e d )  se ru m  and  d i a l y s e d  human 

serum a lbum in .

T ab le  30 The r e d u c t io n  o f  cytochrome c by a lbum in and PMN.

C hap te r  6

Table  31 O x i d a t i o n  o f  f r e e  and  p r o t e i n  bound t h i o l  g r o u p s  by 

opson ised  zymosan s t im u la t e d  PMN.

Table  32 O x i d a t i o n  o f  p r o t e i n  bound t h i o l  g r o u p s  by c h e m o t a c t i c  

p e p t id e  s t im u la t e d  PMN.

T able  33 E f f e c t  o f  s u p e r o x i d e  d i s m u t a s e  and  a z i d e  on o p s o n i s e d  

zym osan and c h e m o t a c t i c  p e p t i d e  s t i m u l a t e d  PMN m e d i a t e d  

o x id a t io n  o f  reduced  g l u t a t h i o n e .

Table  3^ E f f e c t  o f  reduced  g l u t a th i o n e  on lu m in o l  c h em ilu m in escen c e  

o f  PMN r e s t i n g  o r  s t im u la t e d  by c h e m o ta c t ic  p e p t id e .

10



T able  35 E f f e c t  o f  sodium a z id e  on lu m in o l  chem ilum inescence  o f  PMN 

r e s t i n g ,  o r  s t im u la t e d  by c h e m o ta c t ic  p e p t id e .

C hap te r  7

Table  36 P l a s m a  a n d  s y n o v i a l  f l u i d  c o n c e n t r a t i o n s  o f  a n t i 

in flam m ato ry  and a n t i r h e u m a t ic  d ru g s .

T ab le  37 E f f e c t  o f  c o n t r o l  d r u g  d i l u e n t s  on c h e m o t a c t i c  p e p t i d e  

s t im u la t e d  lu m in o l dependen t PMN chem ilum inescence .

Tab le  38 E f f e c t  o f  f e n c l o f e n a c  o n  l u m i n o l  d e p e n d e n t

c h e m i l u m i n e s c e n c e  o f  PMN r e s t i n g  o r  s t i m u l a t e d  by  

c h e m o ta c t ic  p e p t id e .

Table  39 E f f e c t  o f  f e n c l o f e n a c  o n  l u m i n o l  d e p e n d e n t

c h e m i l u m i n e s c e n c e  o f  PMN, r e s t i n g  o r  s t i m u l a t e d  by  

o p so n ised  zymosan.

Table  40 E f f e c t  o f  ib u p ro fe n  on lu m in o l  dependen t chem ilum inescence

o f  PMN r e s t i n g  o r  s t im u la t e d  by ch em o tac tic  p e p t id e .

T ab le  41 E f f e c t  o f  ib u p ro fe n  on lu m in o l  dependen t ch em ilum inescence

o f  PMN r e s t i n g  o r  s t im u la t e d  by o pson ised  zymosan.

T ab le  42 E f f e c t  o f  i n d o r a e t h a c i n  o n  l u m i n o l  d e p e n d e n t

c h e m i l u m i n e s c e n c e  o f  PMN r e s t i n g  o r  s t i m u l a t e d  by  

c h e m o ta c t ic  p e p t id e .

T ab le  43 E f f e c t  o f  i n d o m e t h a c i n  o n  l u m i n o l  d e p e n d e n t

c h e m i lu m in e s c e n c e  o f  PMN r e s t i n g  a n d  s t i m u l a t e d  by  

o p so n ise d  zymosan.

T ab le  44 M axim um  i n h i b i t i o n  o f  p e a k  h e i g h t  s e c o n d  p h a s e

chem ilum inescence by c o n c e n t r a t i o n s  o f  d rugs  found in  v iv o .

T ab le  45 E f f e c t  o f  D - p e n ic i l l a m in e  on lu m in o l  ch em ilu m in escen c e  o f  

PMN r e s t i n g  o r  s t im u la t e d  by ch em o tac t ic  p e p t id e .

Table  46 E f f e c t  o f  A u r o t h i o m a l a t e  o n  l u m i n o l  d e p e n d e n t



Table  47

T able  48

T able  49

T able  50

c h e m i l u m i n e s c e n c e  o f  PMN r e s t i n g  o r  s t i m u l a t e d  by  

c h e m o ta c t ic  p e p t id e .

E f f e c t  o f  A u r o t h i o m a l a t e  o n  l u m i n o l  d e p e n d e n t  

ch em ilum inescence  o f  PMN r e s t i n g  o r  s t im u la t e d  by o p so n ise d  

zymosan.

E f f e c t  o f  A urano fin  on lu m in o l  dependen t chem ilum inescence  

o f  PMN r e s t i n g  o r  s t i m u l a t e d  by c h e m o ta c t ic  p e p t id e .

E f f e c t  o f  A urano fin  on lu m in o l  dependen t chem ilum inescence  

o f  PMN r e s t i n g  o r  s t im u la t e d  by opsonised zymosan  

E v id e n c e  f o r  o xygen  r a d i c a l  s c a v e n g i n g  by non s t e r o i d a l  

a n t i - in f la m m a to ry  and a n t i r h e u m a t ic  d ru g s .

12



LIST OF ILLUSTRATIONS

C hap te r  1

F ig .  1 The r e d u c t i o n  o f  m o l e c u l a r  oxygen  ( d io x y g e n )  v i a  t h e

u n iv a le n t  pathway.

F ig .  2 Schem atic r e p r e s e n t a t i o n  o f  g ra n u lo c y te  k i n e t i c s .

F ig .  3 A m ode l f o r  t h e  l o c a l i s a t i o n  o f  t h e  s u p e r o x i d e  a n i o n

g e n e r a t in g  system  in  th e  human polym orphonuclear l e u k o c y te .

F ig .  4 The i n t e r - r e l a t i o n s h i p  o f  th e  PMN hexose monophosphate sh u n t

and  t h e  oocygen c o n s u m p t i o n / s u p e r o x i d e  a n i o n  g e n e r a t i o n  

a c t i v a t i n g  complex.

F ig .  5 P r o d u c t i o n  o f  o x y g e n  r a d i c a l s  a n d  r e a c t i v e  o x y g e n

m e ta b o l i t e s  by th e  PMN r e s p i r a t o r y  b u r s t .

F ig .  6 L o ca tio n  o f  a d v e rse  oxygen r a d i c a l  r e a c t i o n s  i n  v iv o .

F ig .  7 Pathway o f  l i p i d  p e r o x id a t io n .

F ig .  8 P r i n c i p a l  l o c a t i o n s  o f  known p h y s i o l o g i c a l  oxygen r a d i c a l

s c a v e n g e r s .

F ig .  9 The d io x y g e n a t io n  o f  lu m in o l .

C hap te r  2

F ig .  10 C a l i b r a t i o n  o f  ATP a s s a y .

F ig .  11 The a u th o r  and luminorae t e r  ' B ' .

F ig .  12 Computer p r i n t o u t  Luminometer 'B ' .

F ig .  13 Luminometer 'C '

F ig .  14 Geometry o f  l i g h t  d e t e c t i o n  by Luminometer 'B '

F ig .  15 Sample PMN p r e p a r a t io n .

F ig .  16 E f f e c t  o f  s t o r a g e  t e m p e r a t u r e  o n  PMN l u m i n o l

chem ilum inescence .

F ig .  17 Endogenous PMN chem ilum inescence .

13



F ig .

F ig .

F ig .

F ig .

F ig .

F ig .

F ig .

F ig .

F ig .

F ig .

F ig .

F ig .

F ig .

F ig .

F ig .

18 R e l a t i o n s h i p  o f  PMN l u m i n o l  c h e m i lu m in e s c e n c e  t o  c e l l  

c o n c e n t r a t i o n .

19 R e l a t i o n s h i p  o f  PMN c h e m i l u m i n e s c e n c e  t o  l u m i n o l

c o n c e n t r a t i o n .

20 Comparison o f  s t im u la t e d  PMN oxygen consum ption  and lum i n o l  

chem ilum inescence .

21 E f f e c t  o f  o x y g e n  r a d i c a l  s c a v e n g e r s  on  PMN l u m i n o l  

chem ilum inescence .

22 R e l a t i o n s h i p  o f  t h r e e  p a r a m e t e r s  o f  PMN l u m i n o l

chem ilum inescence  to  d u ra  t i o n  o f  c e l l  i s o l a t i o n  from w hole 

b lo o d .

23 E f f e c t  o f  pH on PMN lum ino l chem ilum inescence .

24 E f f e c t  o f  b o v i n e  s e r u m  a l b u m i n  o n  PMN l u m i n o l

chem ilum inescence .

25 E f f e c t  o f  l u m i n o l  p r e i n c u b a t i o n  t i m e  on PMN b a c k g ro u n d  

chem ilum inescence .

C hap te r  3

26 S o l id  phase  ABEI

27 M icroperox idase /H ydrogen  P e ro x id e  a s sa y  f o r  ABEI.

28 U n o p s o n i s e d  l a t e x  p a r t i c l e  s t i m u l a t e d  PMN l u m i n o l

chem ilum inescence .

29 R e l a t i o n  s h i p  b e tw e e n  PMN c h e m i lu m in e s c e n c e  S t i m u l a t i o n  

Index  and l a t e x  p a r t i c l e  c o n c e n t r a t i o n .

30 Chem ilum inescence o f  PMN s t im u la t e d  by o p so n ise d  zymosan -  

e f f e c t  o f  serum d i l u t i o n  d u r in g  o p s o n i s a t i o n .

31 R e la t io n s h ip  betw een PMN chem ilum inescence  S t i m u l a t i o n  In d ex  

and opson ised  zymosan c e n c e n t r a t i o n .

32 C hem otactic  p e p t i d e  s t i m u l a t e d  PMN l u m i n o l

chem ilum inescence .

14



F ig .  33 C o m p a r i s o n  o f  o x y g e n  c o n s u m p t i o n  a n d  l u m i n o l  

chem ilum inescence o f  c h em o tac t ic  p e p t id e  s t im u la t e d  PMN.

F ig .  34 C o m p a r is o n  o f  PMN c h e m i lu m in e s c e n c e  r e s p o n s e s  t o  t h r e e  

d i f f e r e n t  s t i m u l i .

F ig .  35 C h e m i lu m in e s c e n c e  o f  PMN s t i m u l a t e d  by im m une c o m p le x e s  

formed a t  e q u iv a le n c e .

F ig .  36 C h e m i lu m in e s c e n c e  o f  PMN s t i m u l a t e d  by im m une c o m p le x e s  

formed i n  th e  p re sen ce  o f  v a ry in g  q u a n t i t i e s  o f  a n t ig e n .

F ig .  37 R e la t io n s h ip  o f  PMN ch em ilum inescence  S t im u la t i o n  Index  and

c o n c e n t r a t i o n  o f  immune complexes ( i n s o l u b l e ) .

F ig .  38 E f f e c t  o f  se rum  (n o r m a l  human and  C9 d e p l e t e d )  on  t h e

c h e m i lu m in e s c e n c e  o f  PMN s t i m u l a t e d  by i n s o l u b l e  im m une 

com plexes .

F ig .  39 Comparison o f  lum ino l and ABEI PMN chem ilum inescence .

F ig .  40 Measurement o f  e x t r a c e l l u l a r  PMN c x h e r a i lu r a i n e s c e n c e  u s i n g

' s o l i d  p h a s e '  sep h a ro se  l i n k e d  ABEI.

F ig .  41 E f f e c t  o f  c y to c h a la s in  B on c h e m o ta c t ic  p e p t id e  induced  PMN

chem ilum inescence .

F ig .  42 E f f e c t  o f  c y t o c h a la s i n  B on o p so n ised  zymosan induce  d PMN

chem ilum inescence.

F ig .  43 E f f e c t  o f  t i m e  o f  a d d i t o n  o f  s u p e r o x i d e  d i s m u t a s e  on i t s

i n h i b i t i o n  o f  PMN lum ino l chem ilum inescence .

C h ap te r  4

F ig .  44 L u m in o l  c h e m i lu m in e s c e n c e  o f  r h e u m a t o i d  s y n o v i a l  f l u i d

fo l lo w in g  c e n t r i f u g a t i o n  a t  400g f o r  10 m in u te s .

F ig .  45 Flow c h a r t  f o r  th e  s e p a r a t io n  o f  PMN from s y n o v ia l  f l u i d  by

d i f f e r e n t i a l  c e n t r i f u g a t i o n .

F ig .  46 C hem ilum inescence o f  r h e u m a t o i d  s y n o v i a l  f l u i d  f o l l o w i n g

d i f f e r e n t i a l  c e n t r i f u g a t i o n .

15



F ig .  47 V a r i a t i o n  i n  t h e  c h e m i l u m i n e s c e n c e  S t i m u l a t i o n  In d e x  o f  

p e r ip h e r a l  b lood  PMN i s o l a t e d  from  one norm al s u b je c t  d u r in g  

a s i x  month p e r io d .

F ig .  48 Q u a n t i t a t i v e  com parison  o f  th e  lu m in o l  chem ilum inescence  o f  

PMN i s o l a t e d  f ro m  t h e  se ru m  + s y n o v i a l  f l u i d  o f  n o r m a l  

s u b j e c t s  and p a t i e n t s  w i th  in flam m ato ry  a r t h r o p a t h i e s .

F ig .  49 Q u a l i t a t i v e  com parison  o f  t h e  l a t e x  p a r t i c l e  induced  lu m in o l

c h e m i lu m in e s c e n c e  o f  n o rm a l  p e r i p h e r a l  b lo o d  PMN and  

rh eu m a to id  s y n o v ia l  f l u i d  PMN.

F ig .  50 L u m in o l c h e m i lu m in e s c e n c e  o f  n o rm a l  p e r i p h e r a l  b lood  PMN

exposed to  rh eu m a to id  s y n o v ia l  f l u i d  ( I ) .

F ig .  51 L u m in o l  c h e m i l u m i n e s c e n c e  o f  n o rm a l  p e r i p h e r a l  b lood  PMN

exposed to  rheum ato id  s y n o v ia l  f l u i d  ( I I ) .

F ig .  52 L u m in o l  c h e m i lu m in e s c e n c e  o f  n o rm a l  p e r i p h e r a l  b lood  PMN

exposed t o  s e r o n e g a t iv e  in flam m atory  s y n o v ia l  f l u i d .

F ig .  53 E f f e c t  o f  a d d i t i o n  o f  K reb s  medium o n ly  on t h e  l u m i n o l

chem ilum inescence o f  normal p e r i p h e r a l  b lood  PMN.

F ig .  54 E f f e c t  o f  rheum a to id  s y n o v ia l  f l u i d  from p a t i e n t  (A) on th e

l u m i n o l  c h e m i lu m in e s c e n c e  o f  a u t o l o g o u s  r h e u m a t o i d  an d  

seronegative in f la m m a to ry  s y n o v ia l  f l u i d  PMN.

F ig .  55 Luminol c h e m ilu m in e sc e n c e  o f  n o r m a l  p e r i p h e r a l  b lo o d  PMN

exposed to  rheum ato id  serum.

F ig .  56 E f f e c t  o f  norm al serum on th e  lu m in o l  ch em ilu m in escen c e  o f

normal p e r i p h e r a l  b lood  PMN.

F ig .  57 I n h i b i t i o n  o f  c h e m o t a c t i c  p e p t i d e  s t i m u l a t e d  PMN

chem ilum inescence by s y n o v ia l  f l u i d .

F ig .  58 I n h i b i t i o n  o f  c h e m o t a c t i c  p e p t i d e  and  l a t e x  p a r t i c l e

s t im u la t e d  PMN chem ilum inescence  by norm al serum .

F ig .  59 C o n c e n t ra t io n  r e l a t e d  i n h i b i t i o n  o f  r e s t i n g  and s t i m u l a t e d

16



PMN ch em ilum inescence  by norm al serum.

C h a p te r s

F ig .  60 C a l i b r a t i o n  o f  e l e c t r o d e  f o r  s e l e c t i v e  m easurem ent o f  f r e e  

io n i s e d  ca lc iu m .

F ig .  61 A bso rp t ion  s p e c t r a  o f  cytochrome c

F ig .  62 E f f e c t  o f  a l b u m i n  on  l u m i n o l  c h e m i l u m i n e s c e n c e  o f

u n s t im u la te d  PMN.

F ig .  63 E f f e c t  o f  a l b u m i n  o n  p e a k  h e i g h t  PMN l u m i n o l

chem ilum inescence .

F ig .  64 Comparison o f  l i g h t  a b s o r p t io n  by a lbum in  and l i g h t  e m is s io n  

by lu m in o l .

F ig .  65 E f f e c t  o f  a l b u m i n  o n  a c e l l u l a r  h y d r o g e n

p e ro x id e /m ic ro p e ro x id a s e / lu m in o l  chem ilum inescence .

F ig .  66 E f f e c t  o f  a l b u m i n  on  a c e l l u l a r  x a n t h i n e / x a n t h i n e

o x id a se / lu m in o l  chem ilum inescence .

F ig .  67 E f f e c t  o f  a lbum in  on th e  lu m in o l  chem ilum inescence  o f  PMN

s t i m u l a t e d  by c h e m o t a c t i c  p e p t i d e  i n  t h e  p r e s e n c e  o f  

c y to c h a la s in  B.

F ig .  68 E f f e c t  o f  t im e  o f  a d d i to n  o f  a lbum in  on i t s  m o d i f i c a t io n  o f

ch em o tac tic  p e p t id e  s t im u la t e d  PMN chem ilum inescence .

F ig .  69 E f f e c t  o f  a lbum in  on th e  e a r l y  and l a t e  phases  o f  o p so n ised

zymosan s t im u la t e d  PMN chem ilum inescence .

F ig .  70 E f f e c t  o f  albumin on summated PMN chem ilum inescence .

F ig .  71 E f f e c t  o f  albumin on s t im u la t e d  PMN oxygen consum ption .

F ig .  72 E f f e c t  o f  albumin on th e  r e d u c t io n  o f  cytochrome c by PMN.

F ig .  73 R e d u c t io n  o f  c y to c h ro m e  c by a lb u m in  ( i n  t h e  a b s e n c e  o f

PMN) .

C hap te r  6

F ig .  74 S p e c t ro p h o to m e tr ic  a s s a y  f o r  t h i o l  gorups u s in g  d i tK « .o b is -2 -

I 7



n i t r o b e n z o a te  (DTNB).

F ig .  75 Comparison o f  th e  r a t e  o f  r e a c t i o n  o f  low m o le c u la r  w e ig h t

and p r o t e i n  bound t h i o l  groups w i th  DTNB in  th e  t h i o l  group 

a s s a y .

F ig .  76 Dose re sp o n se  r e l a t i o n s h i p  f o r  human serum a lbum in  i n  DTNB 

a s s a y  f o r  t h i o l  g ro u p s .

F ig .  77 Lowry a s s a y  f o r  p r o t e i n  -  c a l i b r a t i o n  w i t h  b o v in e  se ru m  

a lb u m in .

F ig .  78 R ate  o f  d e c re a se  in  m easu rab le  t h i o l  group c o n c e n t r a t i o n  o f

reduced  g lu t a th i o n e  f o l lo w in g  exposu re  to  op so n ised  zymosan 

s t i m u l a t e d  PMN.

F ig .  79 R e la t iv e  s i z e s  o f  o pson ised  zymosan and c h e m o ta c t ic  p e p t id e

s t im u la t e d  PMN lum ino l chem ilum inescence t r a c e s .

F ig .  80 E f f e c t s  o f  a lb u m in  and  r e d u c e d  g l u t a t h i o n e  on c h e m o ta c t ic

p e p t id e  induced  PMN lu m in o l  chem ilum inescence .

F ig .  81 E f f e c t  o f  sodium a z id e  on c h e m o ta c t ic  p e p t id e  s t i m u l a t e d  PMN

chem ilum inescence .

F ig .  82 E f f e c t  o f  s u p e r o x i d e  d i s m u t a s e  on c h e m o t a c t i c  p e p t i d e

s t im u la t e d  PMN chem ilum inescence .

F ig .  83 Comparison o f  sy n o v ia l '  f l u i d  and serum t o t a l  t h i o l  l e v e l s  in

r h e u m a t o i d  p a t i e n t s ,  n o rm  . a l s  a n d  n o n - i n f l a m m a t o r y  

a r th r o p a th y  c o n t r o l s .

F ig .  84 C o m p a r iso n  o f  t h e  c o n c e n t r a t i o n  o f  t h i o l  g r o u p s /g r a m m e

a lb u m in  i n  s y n o v i a l  f l u i d  and  se ru m  from  r h e u m a t o i d  

p a t i e n t s ,  norm als  and non -in f lam m ato ry  a r th r o p a th y  c o n t r o l s .

F ig .  85 Comparison o f  s y n o v ia l  f l u i d  t h i o l  l e v e l s  and c e l l  c o u n ts  in

r h e u m a t o i d  p a t i e n t s  and  n o n - i n f  l a m m a to r y  a r t h r o p a t h y  

c o n t r o l s .

F ig .  86 R e la t io n s h ip  betw een s y n o v ia l  f l u i d  t h i o l  c o n c e n t r a t i o n s  and

18



( a )  a l b u m i n  c o n c e n t r a t i o n  a n d  ( b )  t o t a l  p r o t e i n  

c o n c e n t r a t i o n  i n  r h e u m a t o i d  p a t i e n t s  and n o n - in f la m m a to ry  

a r th r o p a th y  c o n t r o l s .

F ig .  87 C o m p a r iso n  o f  a l b u m in  c o n c e n t r a t i o n s  w i t h  ' n o n - a l b u m i n '

p r o t e i n  c o n c e n t r a t i o n s  i n  s y n o v i a l  f l u i d  f ro m  r h e u m a t o i d  

p a t i e n t s  and n o n -in f lam m ato ry  a r th r o p a th y  c o n t r o l s .

F ig .  88 Consequences o f  t h i o l  o x id a t io n .

C hap te r  7

F ig .  89 Chemical s t r u c t u r e  o f  non s t e r o i d a l  a n t i - in f la m m a to ry  d ru g s .

F ig .  90 Chemical s t r u c t u r e  o f  a n t i r h e u m a t ic  d ru g s .

F ig .  91 E f f e c t  o f  a u r o th io m a la te  on c h e m o ta c t ic  p e p t id e  s t i m u l a t e d

PMN chem ilum inescence .

F ig .  92 E f f e c t  o f  a u r a n o f i n  on c h e m o t a c t i c  p e p t id e  s t i m u l a t e d  PMN

chem ilum inescence .

F ig .  93 E f f e c t  o f  a u r a n o f i n  on o p s o n i s e d  zym osan  s t i m u l a t e d  PMN

chem ilum inescence .

19



ACKNOWLEDGEMENTS

In  p r e s e n t in g  t h i s  t h e s i s  I  sho u ld  l i k e  to  g r a t e f u l l y  acknow ledge 

ray in d e b te d n e s s  to  th e  f o l l o w i n g : -

-  t h e  A r t h r i t i s  and  R h e u m a tism  C o u n c i l  f o r  R e s e a r c h  f o r  

f i n a n c i a l  a s s i s t a n c e  i n  th e  form o f  a  two y e a r  r e s e a r c h  

t r a i n i n g  f e l l o w s h ip .

-  Dr. A. K. C a m p b e l l ,  R e a d e r  i n  M e d ic a l  B i o c h e m i s t r y ,  

U n iv e r s i t y  o f  Wales C o lleg e  o f  M ed ic ine , f o r  i n v i t i n g  me 

t o  j o i n  h i s  r e s e a r c h  g r o u p  a n d  f o r  h i s  u n f a i l i n g  

e n th u s ia sm , a d v ic e  and i n s p i r i n g  exam ple.

-  D r. M. B. H a l l e t t ,  D e p a r tm e n t  o f  M e d ic a l  B i o c h e m i s t r y ,  

f o r  t e c h n i c a l  a d v ic e ,  p a t i e n t l y  g iv e n .

-  P r o f e s s o r  G. E l d e r ,  P r o f e s s o r  o f  M e d ic a l  B i o c h e m i s t r y ,  

f o r  th e  k ind  p r o v is io n  o f  l a b o r a to r y  bench s p a c e .

-  D r. J .  D. J e s s o p ,  C o n s u l t a n t  R h e u m a t o l o g i s t ,  an d  t h e  

C o n s u l t a n t  s t a f f  o f  t h e  D e p a r tm e n t  o f  R h e u m a to lo g y ,  

U n iv e r s i  t y  H o s p i t a l  o f  W a le s .  F o r  t h e i r  i n t e r e s t  and  

encouragem ent in  t h i s  work, f o r  a c c e s s  to  p a t i e n t  sam p le s  

and  f o r  a l l o w i n g  me tw o  y e a r s  l e a v e  o f  a b s e n c e  f ro m  my 

p o s t  a s  S e n io r  R e g i s t r a r .

-  P r o f e s s o r  R. H a l l ,  P r o f e s s o r  o f  M e d ic i n e ,  U n i v e r s i t y  o f  

Wales C o lleg e  o f  M edicine  f o r  h i s  c o n t in u in g  i n t e r e s t  and 

a d v ice  on my work and c a r e e r .

2 0



-  M rs. H a z e l  O 'D o n n e l l ,  f o r  t y p i n g  t h i s  m a n u s c r i p t  so  

e x p e r t l y ,  and f o r  h e r  c h e e r f u ln e s s  and u n d e r s ta n d in g .

-  t h e  D e p a r tm e n t  o f  A n a e s t h e t i c s ,  U n i v e r s i t y  H o s p i t a l  o f  

Wales, f o r  word p ro c e s s in g  and p r i n t i n g  f a c i l i t i e s .

F i n a l l y ,  w i th  a l l  my h e a r t ,  I  th a n k  my fa m i ly  and my f r i e n d s  f o r  

t h e i r  c o n s t a n t  e n c o u ra g e m e n t  and  f o r b e a r a n c e  d u r i n g  t h e  l a s t  few  

y e a r s .

JULY 1986



SUMMARY OF THESIS
T h is  t h e s i s  i s  t h e  a c c o u n t  o f  l a b o r a t o r y  r e s e a r c h  w h ic h  I  

u n d e r t o o k  i n  t h e  D e p a r tm e n t  o f  M e d ic a l  B i o c h e m i s t r y ,  U n i v e r s i t y  o f  

W a le s  C o l l e g e  o f  M e d ic in e  b e tw e e n  O c to b e r  1981 and  S e p te m b e r  1983* 

w h i le  funded by an A r t h r i t i s  and Rheumatism C ouncil R esearch  T ra in in g  

F e l lo w s h ip .  The aim o f  th e  work was to  i n v e s t i g a t e  th e  r o l e  o f  oxygen 

r a d i c a l s  p ro d u c e d  by p o l y m o r p h o n u c l e a r  l e u k o c y t e s  (PMN) i n  t h e  

p a th o g e n e s is  o f  rheum a to id  a r t h r i t i s ,  and in  p a r t i c u l a r  to  e s t a b l i s h  

th e  a v a i l a b i l i t y  o f  th e s e  r e a c t i v e  m o ie t i e s  f o r  e x t r a c e l l u l a r  t i s s u e  

damage. "

The main o b j e c t i v e s  o f  th e  work w e re : -

( i )  to  p ro v id e  d i r e c t  ev id en ce  o f  oxygen r a d i c a l  p ro d u c t io n  

by PMN exposed to  rh eu m a to id  s y n o v ia l  f l u i d  o r  serum in  

v i t r o

( i i )  t o  d e te rm in e  w he the r  rh eu m a to id  s y n o v ia l  f l u i d  o r  serum 

c o n t a i n e d  i n h i b i t o r s  o r  s c a v e n g e r s  o f  oxygen  r a d i c a l  

p ro d u c t io n

( i i i )  t o  d e t e r m i n e  t h e  c o n t r i b u t i o n  o f  o x y g e n  r a d i c a l  

s c a v e n g i n g  t o  a n y  b e n e f i c i a l  e f f e c t s  o f  a n t i 

in flam m atory  o r  a n t i - r h e u m a t ic  drugs in  v iv o .

Luminol dependent ch em ilum inescence  was s e l e c t e d  a s  a s e n s i t i v e ,  

non t o x i c ,  c o n t in u o u s  m o n ito r  o f  th e  r a t e  o f  oxygen r a d i c a l  p ro d u c t io n  

by PMN i n  v i t r o .  L u m in o l w as known t o  a c t  a s  a t r u e  i n d i c a t o r ,  and  

th e  s u p e r io r  s e n s i t i v i t y  o f  th e  custom  b u i l t  lu m in o m e te rs  a v a i l a b l e  in  

th e  D epartm ent o f  M edica l B io c h e m is t ry  a f fo rd e d  a un ique  o p p o r tu n i ty  

t o  m e a su re  oxygen  r a d i c a l  p r o d u c t i o n  by ' r e s t i n g '  a s  w e l l  a s  

s t i m u l a t e d  PMN. The c h i e f  d i s a d v a n t a g e s  o f  t h i s  t e c h n i q u e  a t  t h e  

o u t s e t  o f  t h e  w ork w e re  t h e  l a c k  o f  know n s p e c i f i c i t y  o f  l u m i n o l ' s
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r e a c t i o n  w i th  oxygen r a d i c a l s ,  and u n c e r t a i n t y  abou t what p ro p o r t io n  

o f  PMN l u m i n o l  c h e m i l u m i n e s c e n c e  o c c u r r e d  e x t r a c e l l u l a r l y .  In  th e  

w ork  o f  t h i s  t h e s i s  a  g r e a t e r  u n d e r s t a n d i n g  o f  t h e  m echan ism  o f  PMN 

lu m in o l  chem ilum inescence  g e n e r a t io n  developed  a lo n g s id e  a p p l i c a t i o n  

o f  t h e  t e c h n i q u e  t o  i n v e s t i g a t i o n  o f  t h e  r o l e  o f  oxygen  r a d i c a l s  i n  

th e  p a th o g e n e s is  o f  rheum a to id  a r t h r i t i s .

B efore  u s in g  lu m in o l  chem ilum inescence  to  i n v e s t i g a t e  th e  e f f e c t s  

o f  r h e u m a t o i d  s y n o v i a l  f l u i d  o r  s e r u m  on PMN o xygen  r a d i c a l  

p r o d u c t i o n ,  i t  w as  f i r s t  n e c e s s a r y  t o  c h a r a c t e r i s e  t h e  

chem ilum inescence  re sp o n se s  o f  th e  c e l l s  f o l lo w in g  t h e i r  exposure  to  

'm o d e l '  p h a g o c y t i c  o r  c h e m o t a c t i c  s t i m u l i .  The l u m i n o l  

chem ilum inescence  re sp o n se s  o f  norm al human PMN exposed to  unopson ised  

l a t e x  p a r t i c l e s ,  o p s o n i s e d  zy m o sa n ,  immune c o m p le x e s  and  t h e  

c h e m o t a c t i c  p e p t i d e  n f o r m y l  m e t l e u  phe i n  v i t r o  w e re  t h u s  

c h a r a c t e r i s e d  and  t h e  c o n c e n t r a t i o n s  o f  s t i m u l i  r e q u i r e d  t o  g i v e  a 

h a l f  maximal chem ilum inescence  re sp o n se  were d e f in e d .

The m ic r o f i l i a m e n t  i n h i b i t o r  c y t o c h a la s i n  B was found to  enhance 

and  e x a g g e r a t e  t h e  b i p h a s i c  c h e m i lu m in e s c e n c e  r e s p o n s e  o f  PMN 

s t im u la t e d  by c h e m o ta c t ic  p e p t id e .  The te m p o ra l  d i s s o c i a t i o n  o f  th e  

s e c o n d  p h a s e  f rom  c e l l u l a r  o xygen  c o n s u m p t io n  s u g g e s t e d  t h a t  a 

d i f f e r e n t  r a d i c a l  p r e d o m i n a t e d  i n  e a c h  p h a s e .  L a t e r  e x p e r i m e n t s  

show ed  t h a t  w h i l e  t h e  f i r s t  p h a s e  a s  p r e f e r e n t i a l l y  i n h i b i t e d  by 

s u p e r o x i d e  d i s m u t a s e ,  t h e  s e c o n d  p h a s e  w as  i n h i b i t e d  by  t h e  

m y e l o p e r o x i d a s e  i n h i b i t o r  so d iu m  a z i d e .  I t  was t h e r e f o r e  p r o p o s e d  

t h a t  r a d i c a l s  i n  t h e  s e c o n d  p h a s e  r e s u l t e d  f rom  t h e  i n t e r a c t i o n  o f  

m y e loperox idase  -  ^2^2 ” An iso raer  lu m in o l  c h e m ic a l ly  bonded

t o  non p h a g o c y t o s a b l e  s e p h a r o s e  b e a d s  was u s e d  t o  i n v e s t i g a t e  w h a t  

p r o p o r t i o n  o f  PMN lu m in o l  chem ilum inescence  o c c u rre d  e x t r a c e l l u l a r l y .

D i r e c t  ev idence  o f  oxygen r a d i c a l  p r o d u c t i o n  i n  t h e  r h e u m a t o i d
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d i s e a s e  was s o u g h t  i n  v i t r o  f o l l o w i n g  t h e  a d d i t i o n  o f  f r e s h l y  

a s p i r a t e d  r h e u m a t o i d  s y n o v i a l  f l u i d  d enuded  o f  a l l  l i v e  c e l l s ,  t o  

n o r m a l  o r  r h e u m a t o i d  PMN. The m a j o r i t y  o f  s y n o v i a l  f l u i d  s a m p le s  

t e s t e d  f a i l e d  to  s t i m u l a t e  PMN l u m i n o l  c h e m i l u m i n e s c e n c e ,  r a t h e r  a 

p r o f o u n d  i n h i b i t i o n  o f  c h e m o t a c t i c  p e p t i d e  s t i m u l a t e d  PMN 

c h e m i l u m i n e s c e n c e  o c c u r r e d .  R h e u m a to id  and  n o r m a l  se ru m  w e re  

s i m i l a r l y  fo u n d  t o  i n h i b i t  PMN l u m i n o l  c h e m i lu m in e s c e n c e .  The 

p o s s i b i l i t y  t h a t  se ru m  and  s y n o v i a l  f l u i d  m ig h t  a f t e r  a l l  c o n t a i n  

p o w e r f u l  o xygen  r a d i c a l  s c a v e n g e r s ,  s u f f i c i e n t  t o  p r e v e n t  oxygen  

r a d i c a l  m ed ia ted  t i s s u e  damage in  v ivo  th e r e f o r e  a ro s e  and r e q u i r e d  

f u r t h e r  i n v e s t i g a t i o n .

P e r s i s t e n c e  o f  th e  m a jo r i t y  o f  th e  chem ilum inescence  i n h i b i t o r  in  

serum f o l lo w in g  d i a l y s i s  im p l ic a te d  a m acrom olecu la r  su b s ta n c e ,  l a t e r  

i d e n t i f i e d  as  a lbum in . A lbumin's i n h i b i t o r y  e f f e c t  (4 0 g / l  a c h iev ed  up 

to  80% i n h i b i t i o n )  could  n o t  be e x p la in e d  by d ec re ase d  c e l l  v i a b i l i t y ,  

q u e n c h in g  o f  l u m i n o l  e x c i t e d  s t a t e  o r  by a  r e d u c t i o n  i n  l i g h t  

t r a n s m i s s i o n .  I t s  d i f f e r e n t i a l  e f f e c t  on t h e  b i p h a s i c  c h e m o t a c t i c  

p e p t i d e  s t i m u l a t e d  c h e m i lu m in e s c e n c e ,  enhanc ing  th e  f i r s t  phase  and 

i n h i b i i t i n g  t h e  s e c o n d  i n d e n t i f i e d  a lb u m in  a s  an  oxygen  r a d i c a l  

s c a v e n g e r  o r  p a th w a y  i n a c t i v a t o r  and  f u r t h e r  s u g g e s t e d  t h a t  t h e  

r a d i c a l  scavenged r e s u l t e d  from th e  i n t e r a c t i o n  o f  m ye lope rox idase  -  

h2o2 -  Cl“ .

C o n f i r m a t i o n  o f  t h i s  p r e v i o u s l y  u n re c o g n ise d  r o l e  in  th e  m a jo r  

e x t r a c e l l u l a r  p r o t e i n  was p ro v id ed  by ev idence  o f  c o v a le n t  s t r u c t u r a l  

m o d i f i c a t i o n  i n  t h e  a lb u m in  m o l e c u le  f o l l o w i n g  e x p o s u r e  t o  o x y g en  

r a d i c a l s .  I n c u b a t i o n  w i t h  s t i m u l a t e d  PMN r e s u l t e d  i n  up t o  20% 

o x i d a t i o n  o f  a lb u m in  t h i o l  g r o u p s .  Up t o  60% o x i d a t i o n  o f  t h i o l  

groups o ccu rred  when reduced  g l u t a th i o n e  o r  whole serum were exposed 

t o  t h e  PMN. T h i s  o x i d a t i o n  was i n h i b i t a b l e  by a z i d e  b u t  n o t  by
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s u p e ro x id e  d ism u ta se .

D e m o n s tra t io n  o f  th e  oxygen r a d i c a l  scaveng ing  a b i l i t y  o f  a lbum in  

h i g h l i g h t e d  b o th  t h e  p o t e n t i a l  i m p o r t a n c e  o f  t h i s  e x t r a c e l l u l a r  

m o lecu le  a s  a  p r o t e c t o r  a g a i n s t  oxygen r a d i c a l  m ed ia ted  t i s s u e  damage 

i n  v i v o ,  and  t h e  v u l n e r a b i l i t y  o f  i t  and  p o s s i b l y  o t h e r  p r o t e i n  

m o l e c u l e s  t o  s i m u l t a n e o u s  c o v a l e n t  s t r u c t u r a l  m o d i f i c a t i o n  by t h e  

r a d i c a l s ,  o f  p o t e n t i a l  consequence to  t h e i r  fu n c t io n .  When rheu m a to id  

s y n o v ia l  f l u i d s  were examined f o r  ev id en ce  o f  in  v ivo  a lbum in  t h i o l  

o x i d a t i o n ,  none  was fo u n d .  The c o n t r i b u t i o n  o f  non a l b u m in  p r o t e i n  

( s u c h  a s  1gG) t o  t h e  t o t a l  s y n o v i a l  f l u i d  t h i o l  l e v e l s  was n o t ,  

how ever, d e te rm in e d .  The consequences  o f  any oxygen r a d i c a l  m ed ia ted  

t h i o l  o x id a t io n  on th e  i n t e g r i t y  and b i o l o g i c a l  f u n c t io n  o f  1gG would 

c e r t a i n l y  b ea r  f u r t h e r  i n v e s t i g a t i o n .

I t  had p r e v io u s ly  been shown t h a t  each  o f  th e  d rugs  known to  have 

a  ' d i s e a s e  m o d i f y i n g '  o r  a n t i - r h e u m a t i c  e f f e c t  i n  t h e  t r e a t m e n t  o f  

r h e u m a t o i d  a r t h r i t i s  e i t h e r  c o n t a i n e d  a  f r e e  t h i o l  w i t h i n  t h e i r  

s t r u c t u r e  o r  was m e t a b o l i s e d  t o  one  i n  v iv o .  H av ing  shown t h e  

p o t e n t i a l  im p o rtan ce  o f  th e  f r e e  t h i o l  group on a lbum in  to  i t s  oxygen 

r a d i c a l  s c a v e n g i n g  i t  w as  now  a p p r o p r i a t e  t o  u s e  l u m i n o l  

c h e m i lu m in e s c e n c e  t o  co m p a re  and  c o n t r a s t  t h e  o xygen  r a d i c a l  

s c a v e n g i n g  c a p a b i l i t y  o f  a n t i  r h e u m a t i c  d r u g s  w i t h  'non  t h i o l '  

c o n ta in in g  a n t i - in f l a m m a to r y  d rugs .

S e l e c t i v e  i n h i b i t i o n  o f  e i t h e r  th e  f i r s t  o r  th e  second p h ases  o f  

s t i m u l a t e d  PMN l u m i n o l  c h e m i l u m i n e s c e n c e  was t a k e n  a s  e v i d e n c e  o f  

oxygen r a d i c a l  scavenging . By t h i s  means th e  a n t i r h e u m a t ic  d rugs  D- 

p e n i c i l l a r a i n e  and  a u r a n o f i n ,  a n d  t h e  a n t i - i n f l a m m a t o r y  d r u g s  

fe n c lo fe n a c  and indom ethac in  were shown to  scavenge oxygen r a d i c a l s .  

O nly  t h e  e f f e c t  o f  D - p e n i c i l l a m i n e  was a t t r i b u t a b l e  t o  i t s  t h i o l  

g ro u p .
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In  sum m ary a l t h o u g h , u s i n g  l u m i n o l  chem ilum inescence ,  PMN were 

shown to  produce oxygen r a d i a l s  when exposed to  'm odel ' p h a g o c y t ic  and 

c h e m o ta c t ic  s t i m u l i  in  v i t r o ,  t h e  a b i l i t y  o f  th e s e  m o ie t i e s  to  cause  

t i s s u e  dam age i n  r h e u m a t o i d  a r t h r i t i s  i n  v iv o  may be r e s t r i c t e d  by 

com m only u s e d  d r u g s  and  by t h e  m a jo r  e x t r a c e l l u l a r  p r o t e i n  a l b u m in  

w h ic h  h a s  b e e n  i d e n t i f i e d  i n  t h i s  t h e s i s  a s  a  p o t e n t  oxygen  r a d i c a l  

scav e n g e r .
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1 .1 .  H i s t o r i c a l  Background o f  T h es is

In  1883, M e tch n ik o ff ,  a  R uss ian  z o o l o g i s t ,  r e p o r t e d  t h a t  f o r e ig n  

p a r t i c l e s  i n j e c t e d  i n t o  s t a r f i s h  l a r v a e  were ta k en  up by a  p o p u la t io n  

o f  'w a n d e r in g  m e s o d e rm a l  c e l l s '  r e s i d i n g  i n  i n t e r s t i t i a l  t i s s u e s  

( M e t c h n i k o f f  1883). He was t h e  f i r s t  t o  p o s t u l a t e  a c r u c i a l  r o l e  i n  

h o s t  d e f e n c e  f o r  t h e s e  w a n d e r in g  c e l l s  w h ic h  he named 'p h a g o c y t e s ' .  

M e tch n ik o ff ,  ( 1887), and l a t e r  Menkin (1938), a l s o  proposed  t h a t  th e s e  

c e l l s  may l i b e r a t e  s u b s t a n c e s  c a p a b l e  o f  d am a g in g  a d j a c e n t  h o s t  

t i s s u e s .

S u b s e q u e n t l y ,  i n  e x p e r i m e n t a l  a n im a l  m odels, po lym orphonuc lea r  

l e u k o c y t e  p h a g o c y t e s  w e re  fo u n d  t o  p l a y  an i m p o r t a n t  p a r t  i n  t h e  

p a th o g e n s is  o f  th e  v a s c u l i t i s  o f  th e  A rthus phenomenon (Cochrane e t  a l  

1965), t h e  a r t h r i t i s  o f  se ru m  s i c k n e s s  ( K r i k i e r  and  C o c h ra n e  1965) ,  

a c u t e  n e p h r o t o x i c  n e p h r i t i s  (U m ezaw a  a n d  A o y a g i  1 9 7 7 )  a n d  

im m u n o lo g ica lly  induced  a r t h r i t i s  (De Shazo e t  a l  1972). The t o x i c i t y  

o f  th e  po lym orphonuclear  le u k o c y te  was a t t r i b u t e d  to  i t s  e x t r a c e l l u l a r  

r e l e a s e  o f  g r a n u la r  p r o t e o l y t i c  and c o l l a g e n o l y t i c  enzymes (K leb an o ff  

a n d  C l a r k  1978  ( d ) ) .  The f i n d i n g  o f  s u c h  e n z y m e s  i n  t h e

p o ly m o r p h o n u c le a r  l e u k o c y t e  r i c h  s y n o v i a l  e f f u s i o n s  o f  r h e u m a t o i d  

a r t h r i t i s  (Sm ith  and Hamerman 1962) s i m i l a r l y  su g g es ted  an im p o r ta n t  

r o l e  f o r  t h e  c e l l  i n  t h e  p a t h o g e n e s i s  o f  t h i s  d i s e a s e .  R h e u m a to id  

s y n o v ia l  f l u i d  was, however, l a t e r  shown to  c o n ta in  abundan t p r o te a s e  

i n h i b i t o r s  s u c h  a s « 1 a n t i - t r y p s i n  andoc2 m a c r o g l o b u l i n  ( G a l d s t o n ,  

J a n o f f  and Davis 1973) B a r r e t t  and S ta rk ey  1973).

I n  1933) B a l d r i d g e  and  G e ra rd  w e re  t h e  f i r s t  t o  o b s e r v e  t h e  

marked in c re a s e  in  oxygen consum ption , l a t e r  known a s  th e  ' r e s p i r a t o r y  

b u r s t '  w h ic h  a c c o m p a n ie d  th e  a d d i t i o n  o f  s a r c i n a  l u t e a  t o  dog 

p o ly m o r p h o n u c le a r  l e u k o c y t e s .  T h i s  p r o c e s s  was l a t e r  l i n k e d  t o  

a c t i v a t i o n  o f  t h e  h e x o s e  m o n o p h o sp h a te  s h u n t  (De C h a t e l e t ,  Wang and

28



M cC all 1972),  t h e  p r o d u c t i o n  o f  h y d ro g e n  p e r o x i d e  (H20 2 ) (P a u l  and  

S b a r r a  1968) and  o f  t h e  o x y g en  ' f r e e '  r a d i c a l  s u p e r o x i d e  a n i o n  (0 2*“ ) 

(B ab ior,  K ipnes and C u rn e t te  1973). Evidence has a l s o  been p rov ided  

f o r  t h e  p r o d u c t i o n  o f  t h e  h i g h l y  r e a c t i v e  h y d r o x y l  r a d i c a l  (OH*), 

s i n g l e t  oxygen ( Ag 02) and th e  h y p o c h lo r i t e  an ion  a s  a r e s u l t  o f  th e  

r e a c t i o n  o f  H20 2 w i t h  0 2 *" o r  w i t h  c h l o r i d e  i o n s  c a t a l y s e d  by 

m y e l o p e r o x i d a s e  r e l e a s e d  by PMN a z u r o p h i l  g r a n u l e s  (Badwey and  

Karnovsky 1980).

I n  m odern  t e r m i n o l o g y  a ' f r e e  r a d i c a l '  i s  d e f i n e d  a s  'an y  

atom , group o f  atom s o r  m o lecu le  in  a  p a r t i c u l a r  s t a t e  w i th  a t  l e a s t  

one u n p a ire d  e l e c t r o n  occupying  an o u t e r  o r b i t a l '  (Del M aestro  1980). 

The lo n e  e l e c t r o n  p r e s e n t  i n  t h e  o u t e r  o r b i t a l  o f  a f r e e  r a d i c a l  

e n d o w s  i t  w i t h  u n u s u a l  c h e m i c a l  r e a c t i v i t y  a n d  p h y s i c a l  

c h a r a c t e r i s t i c s .  The u n p a i r e d  e l e c t r o n  h a s  a  s t r o n g  t e n d e n c y  t o  

i n t e r a c t  w i t h  o t h e r  e l e c t r o n s  t o  fo rm  an  e l e c t r o n  p a i r  and  t h u s  a 

ch em ica l  bond. Most f r e e  r a d i c a l s  a r e  so r e a c t i v e  t h a t  th e y  n o rm a l ly  

e x i s t  only  a t  very  low c o n c e n t r a t i o n s  from 100pM -  1nM (P ry o r  1976).

M o le c u l a r  oxygen  (0 2 ) i s  i n f a c t  t h e  com m ones t  f r e e  r a d i c a l  i n  

b i o l o g i c a l  s y s t e m s ,  p o s s e s s i n g  two u n p a i re d  e l e c t r o n s  w i th  p a r a l l e l  

e l e c t r o n  s p i n s  i n  i t s  o u t e r  o r b i t a l s  (T aube  1965). The p a r a l l e l  

e l e c t r o n  s p i n  a r r a n g e m e n t  p r e v e n t s  t h e  d i r e c t  a d d i t i o n  o f  a  p a i r  o f  

e l e c t r o n s  (which would have one p a r a l l e l  and one a n t i p a r a l l e l  e l e c t r o n  

sp in )  and which would n e c c e s s i t a t e  an e l e c t r o n  s p in  in v e r s i o n  b e fo re  

bond fo rm a t io n  cou ld  o ccu r  (Taube 1965). C onsequently  oxygen in  i t s  

ground s t a t e  i s  a  r e l a t i v e l y  weak o x id a n t  and whenever e n e r g e t i c a l l y  

f e a s i b l e  u n iv a le n t  pathw ays o f  oxygen  r e d u c t i o n  ( r e a c t i o n  o f  o x y g en  

w i t h  s i n g l e  e l e c t r o n s ,  h y d ro g e n  a to m s  o r  o t h e r  a to m s  o r  m o l e c u l e s  

c o n t a i n i n g  u n p a i r e d  e l e c t r o n s )  a r e  f a v o u r e d  o v e r  d i v a l e n t  p a th w a y s  

( F r i d o v i c h  1 976 ) ,  a s  i n  t h e  u n i v a l e n t ,  f o u r  e l e c t r o n  r e d u c t i o n  o f
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oxygen to  w a te r  (F ig  1) (M ic h a e l is  1946).

From th e  t im e  o f  i t s  independen t c o d isc o v e ry  by Joseph  P r i e s t l e y  

in  1775 and C a r l  Wilhelm S chee le  in  1777, oxygen has been known bo th  

to  s u s t a i n  l i f e  and d e s t ro y  i t  ( G i lb e r t ,  1981). I t  was n o t  u n t i l  1954 

h o w e v e r ,  (G erschm an  e t  a l  1954) t h a t  o x y g e n 's  t o x i c i t y  was f i r s t  

a t t r i b u t e d  to  th e  more r e a c t i v e  r a d i c a l s  and oxygen m e ta b o l i t e s  (02*” , 

H2O2 and  OH*) fo rm e d  by i t s  u n i v a l e n t  r e d u c t i o n  t o  w a t e r  ( M i c h a e l i s  

1946).

The r e q u i r e m e n t  f o r  o r g a n i s m s  w h ic h  u t i l i s e  oxygen  t o  d e v e lo p  

m e c h a n is m s  w h ic h  m i n i m i s e  t h e  p r o d u c t i o n  o f  oxygen  r a d i c a l s  o r  

e f f i c i e n t l y  remove (scavenge) th o s e  whose p ro d u c t io n  canno t be avo ided  

i s  l i k e l y  to  have been a d o m in a tin g  e v o lu t io n a r y  p r e s s u r e  (F r id o v ic h  

1976). The d i s c o v e r y  t h a t  p h a g o c y t e s  s u c h  a s  t h e  p o ly m o r p h o n u c le a r  

l e u k o c y t e  p u r p o s e f u l l y  g e n e r a t e  oxygen  r a d i c a l s  and o t h e r  h i g h l y  

r e a c t i v e  oxygen m e ta b o l i t e s ,  a l b e i t  f o r  th e  i n t r a c e l l u l a r  k i l l i n g  o f  

p h a g o c y to s e d  m i c r o o r g a n i s m s ,  h a s  a f f o r d e d  r e n e w e d  m e a n i n g  t o  

M e t c h n i k o f f ' s  p r o p o s a l  t h a t  PMN may l i b e r a t e  s u b s t a n c e s  c a p a b l e  o f  

damaging h o s t  t i s s u e s  (M etch n ik o ff  1887).

Rheumatoid A r t h r i t i s  has become p ro m in en t  amongst th e  d i s e a s e s  in  

which i t  has  been proposed t h a t  oxygen r a d i c a l s  produced by s t i m u l a t e d  

p o ly m o r p h o n u c le a r  l e u k o c y t e s  may p l a y  a p a r t  (D el M a e s t r o  1980, 

Greenwald 1981). Polym orphonuclear le u k o c y te s  a r e  found a t  a l l  s i t e s  

o f  rh eum ato id  d i s e a s e  a c t i v i t y  b o th  e x t r a  and i n t r a  a r t i c u l a r l y ,  b u t  

p a r t i c u l a r l y  in  th e  s y n o v ia l  membrane in f la m m a to ry  i n f i l t r a t e  o f  e a r l y  

d i s e a s e  (S c h u m a c h e r  and  K i t r i d o u  1 9 7 2 ) ,  and  t h e  s y n o v i a l  f l u i d ,  

a r t i c u l a r  c a r t i l a g e  and pannus o f  e s t a b l i s h e d  d i s e a s e  (Krey and B a i le n  

1979, Ohno and  Cooke 1978, W e s t e r h e l l w e g  and W e i s s i n h a g e  1981) .  

E v id e n c e  h a s  b een  p r o v id e d  f o r  t h e  s t i m u l a t i o n  o f  t h e s e  c e l l s  by 

immune com plexes a n d /o r  c h e m o ta c t ic  com plement components a t  m ost o f
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t h e s e  s i t e s .

* * * * « f t * * * * * f t * * * * « * t t *

A lth o u g h  t h e  t e r m  r h e u m a t o i d  a r t h r i t i s  was i n t r o d u c e d  by S i r  

A lf red  B aring  Garrod in  1859 (S h o r t  197*0 i t  was n o t used to  d e s c r ib e  

e x c l u s i v e l y  t h e  c o l l e c t i o n s  o f  sy m p to m s ,  s i g n s  and  p a t h o l o g i c a l  

c h a n g e s  now r e c o g n i s e d  by t h a t  name (R opes e t  a l  1958) u n t i l  i t s  

a d o p t i o n  by t h e  B r i t i s h  M i n i s t r y  o f  H e a l t h  i n  1922 (M o l l  1958) .  The 

f i r s t  d e s c r ip t i o n  o f  rh eu m a to id  a r t h r i t i s  in  th e  m ed ica l l i t e r a t u r e  i s  

c o n v e n t io n a l ly  a t t r i b u t e d  to  th e  d o c t o r a l  t h e s i s  o f  a French  m e d ica l  

s t u d e n t ,  A u g u s t in - J a c o b  L a n d re  B e a u v a i s ,  p r e s e n t e d  i n  1800 (Wood 

1976). I t  i s  l i k e l y ,  h o w e v e r ,  t h a t  Thomas Sydenham h ad  a l r e a d y  

d e sc r ib e d  th e  main c l i n i c a l  f e a t u r e s  o f  rheum ato id  a r t h r i t i s  in  1676 

(S h o r t  197*0. A ttem pts  to  e s t a b l i s h  th e  a n t i q u i t y  o f  th e  d i s e a s e  by 

p e r u s a l  o f  e a r l y  m e d ica l  m a n u s c r ip ts ,  o ld  p a i n t i n g s ,  l i t e r a t u r e  and 

th e  s tu d y  o f  p a leo p a th o lo g y  have f a i l e d  to  d em o n s tra te  th e  e x i s t e n c e  

o f  rheum ato id  a r t h r i t i s  a s  an e n t i t y  d i s t i n c t  from g o u t ,  a n k y lo s in g  

s p o n d y l i t i s  o r  o s t e o a r t h r i t i s  p r i o r  to  th e  e a r l y  s e v e n te e n th  c e n tu ry  

(P a r is h  1963, E h r l ic h  1967, Boyle and Buchanan 1971, S h o r t  197*+, Wood 

1976, Appelboom e t  a l  1981).

The a b s e n c e  o f  d e s c r i p t i o n s  o f  rh e u m a to id  a r t h r i t i s  from e a r l y  

m ed ica l w r i t i n g  may s im p ly  r e f l e c t  a  f a i l u r e  o f  i t s  r e c o g n i t i o n .  Even 

to d a y  th e  m anagem en t o f  p a t i e n t s  w i t h  r h e u m a to id  a r t h r i t i s  i s  

overshadowed by th r e e  m ajor a r e a s  o f  ig n o ran ce .  F i r s t l y  th e  a e t i o l o g y  

o f  t h e  d i s e a s e s  i s  unknow n. S e c o n d ly  no c l i n i c a l  o r  p a t h o l o g i c a l  

p a ra m e te rs  have been i d e n t i f i e d  w h ic h  s e r v e  a s  e x c l u s i v e  d i a g n o s i t c  

f e a t u r e s  o r  a l l o w  q u a n t i t a t i v e  c o m p a r i s o n  o f  t h e  s e v e r i t y  o f  

i n d i v i d u a l  c a s e s .  T h i r d l y  t h e  modes o f  a c t i o n  o f  t h e  com m only  u s e d  

a n t i  in f lam m ato ry  and d i s e a s e  m od ify ing  d rugs a re  p o o r ly  u n d e r s to o d ,
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and  no t r e a t m e n t  c a p a b l e  o f  a r r e s t i n g  r h e u m a to id  a r t h r i t i s  h a s  y e t  

been d em o n stra ted .

Any d i s c u s s io n  o f  th e  p a th o g e n e s is  o f  rheum ato id  a r t h r i t i s  must 

t a k e  a c c o u n t  o f  i t s  u s u a l l y  c h r o n i c  and  p r o g r e s s i v e  n a t u r e .  E i t h e r  

th e  p r im ary  a e t i o l o g i c a l  f a c t o r  p e r s i s t s  in  th e  t i s s u e s  and e l i c i t s  a  

c o n t i n u o u s  r e s p o n s e  from  t h e  h o s t ,  o r  en d o g e n o u s  s e l f  p e r p e t u a t i n g  

m e c h a n ism s  w i t h i n  t h e  h o s t  r e p l a c e  t h e  o r i g i n a l  s t im u lu s ,  a l lo w in g  

p ro g re s s io n  o f  th e  d i s e a s e  (H a r r i s  1981). In  o rd e r  to  i m p l i c a t e  any 

a g e n t  in  th e  p a th o g e n e s is  o f  rh eu m a to id  a r t h r i t i s ,  i t  must t h e r e f o r e  

be i d e n t i f i e d  e i t h e r  a s  t h e  p r i m a r y  i n i t i a t i n g  a g e n t ,  o r  a s  a  

c o n t r i b u to r  to  th e  secondary  a m p l i f i c a t i o n  mechanisms.

* * * * * * * * * * * * * * *

A pproxim ately  one hundred y e a r s  f o l lo w in g  M e tc h n ik o ff 's  p ro p o s a l  

( M e t c h n i k o f f  1887)>  t h i s  t h e s i s  r e p o r t s  t h e  r e s u l t s  o f  a n  

i n v e s t i g a t i o n  i n t o  t h e  r o l e  o f  oxygen  r a d i c a l s  and  o t h e r  r e a c t i v e  

oxygen m e ta b o l i t e s  p ro d u ced  by p o ly m o r p h o n u c le a r  l e u k o c y t e s  i n  t h e  

p a t h o g e n e s i s  o f  r h e u m a to id  a r t h r i t i s .  I n  t h e  r e m a i n d e r  o f  t h i s  

c h a p t e r  t h e  f u n c t i o n s  o f  t h e  p o ly m o r p h o n u c le a r  l e u k o c y t e  w i l l  be  

examined in  g r e a t e r  d e t a i l ,  a s  w i l l  th e  p ro d u c t io n  o f  oxygen r a d i c a l s ,  

and  t h e i r  p o t e n t i a l  f o r  t i s s u e  dam age and  d i s e a s e  p a t h o g e n e s i s .  

S eco n d ly /  e v i d e n c e  f o r  t h e  p r e s e n c e  o f  s t i m u l a t e d  p o lym orphonuc lea r  

le u k o c y te s  a t  s i t e s  o f  d i s e a s e  a c t i v i t y  w i l l  be rev iew ed  t o g e t h e r  w i th  

any  a d d i t i o n a l  e v i d e n c e  f o r  o xygen  r a d i c a l  a c t i v i t y  i n  r h e u m a t o i d  

a r t h r i t i s  which had accum ula ted  p r i o r  to  th e  commencement o f  t h i s  work 

i n  O c to b e r  1981. F i n a l l y  m e th o d s  o f  m e a s u r in g  o x y g en  r a d i c a l  

p ro d u c t io n ,  and in  p a r t i c u l a r  lu m in o l  dependent chem ilum inescence  w i l l  

be d is c u s s e d .
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1 .2 .  The N e u tro p h i l  Polym orphonuclear Leukocyte

1 .2 .1  C e l l  morphology, k i n e t i c s  and f u n c t io n s

P e r ip h e r a l  b lood  le u k o c y te s  can be d iv id e d  in to  g r a n u la r  and non 

g r a n u la r  fo rm s. The l a t t e r ,  th e  g r a n u lo c p y te s ,  a r e  f u r t h e r  su b d iv id e d  

in  man i n t o  e o s in o p h i l s ,  b a s o p h i l s  and n e u t r o p h i l s  on th e  b a s i s  o f  th e  

a f f i n i t y  o f  t h e i r  g r a n u l e s  f o r  t h e  a c i d i c  and  b a s i c  d y es  com m only  

employed in  h i s t o l o g i c a l  s t a i n s .  A l l  g r a n u lo c y te s  a r e  c h a r a c t e r i s e d  

by a many lobed n u c le u s ,  hence th e  te rm  'po lym orphonuc lear  l e u k o c y te ' .  

N e u tro p h i l  po lym orphonuc lea r  l e u k o c y te s  co m p rise  th e  m a jo r i t y  (40-75%, 

2.5 -  7.5 x 10^/1) and u n le s s  o th e rw is e  s t a t e d  w i l l  be th e  v a r i e t y  o f  

g r a n u l o c y t e  r e f e r r e d  t o  i n  t h e  r e m a i n d e r  o f  t h i s  t h e s i s  a n d  

a b b re v ia te d  by th e  l e t t e r s  'PMN'.

The m ature PMN i s  cap a b le  o f  s i x  a c t i o n s

(a)  chem otaxis

(b) t a r g e t  r e c o g n i t io n

(c)  p h a g o c y to s is

(d) a  ' r e s p i r a t o r y  b u r s t '  o f  o x id a t iv e  m etabolism

(e) d e g ra n u la t io n

( f )  e x t r a c e l l u l a r  r e l e a s e  o f  g r a n u le  c o n s t i t u e n t s .

Each o f  t h e s e  i s  in v o k e d  by t h e  PMN's p a r t i c i p a t i o n  i n  an  

in f l a m m a t o r y  r e s p o n s e  and  may r e s u l t  e i t h e r  i n  h o s t  d e f e n c e  ( e .g .  

a g a i n s t  b a c t e r i a l  i n f e c t i o n )  o r  i n  h o s t  t i s s u e  dam age ( e .g .  i n  

autoimmune d i s e a s e s ) .  B efore  d i s c u s s in g  th e s e  a c t i o n s  i n  more d e t a i l ,  

th e  n a t u r a l  h i s t o r y  and morphology o f  th e  PMN w i l l  be rev ie w e d .

PMN n a t u r a l  h i s t o r y  and morphology

PMN o r i g i n a t e  i n  t h e  m y e lo id  p r e c u r s o r  p o o l  o f  t h e  b one  m a rro w

(Fig. 2). M y e lo b la s ts ,  p ro m y e lo cy te s  and m yelocy tes  a r e  a l l  a c t i v e l y

d iv id in g  c e l l s .  The marrow g ra n u lo c y te  r e s e r v e  (Fig. 1) c o n s i s t s  o f
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m a tu r in g ,  non d iv id in g  c e l l s ,  a q u i r i n g  f u n c t i o n a l  c a p a b i l i t i e s ,  which 

e x i t  f rom  t h e  m arro w  t o  t h e  p e r i p h e r a l  b lo o d  a t  a r a t e  o f  1.5 x 10^ 

PMN/kg o f  body w e i g h t  p e r  day  ( K l e b a n o f f  and  C la r k  1 9 7 8 (b )) .  The 

p e r i p h e r a l  b lo o d  PMN may be d i v i d e d  i n t o  t h e  ' c i r c u l a t i n g  PMN', 

co m p ris in g  th e  c e l l s  sampled by v en ep u n c tu re  and th e  'm a rg in a te d  PMN', 

c o n s i s t i n g  o f  c e l l s  t r a n s i e n t l y  s e q u e s te r e d  in  a r e a s  o f  s lu g g is h  f lo w  

a l o n g  e n d o t h e l i a l  w a l l s .  T h ese  p o o l s  a r e  i n  e q u i l i b r i u m .  The PMN 

spends a r e l a t i v e l y  s h o r t  p e r io d  in  t h e  v a s c u la r  space (F ig . 2) b e fo re  

e x i t i n g  v i a  t h e  m a r g i n a t e d  p o o l  u n d e r  t h e  i n f l u e n c e  o f  c h e m o t a c t i c  

f a c t o r s ,  t o  th e  t i s s u e s .

Although no c e l l  d i v i s i o n  o cc u rs  beyond th e  m yelocy te  s t a g e ,  PMN 

m a tu ra t io n  c o n t in u e s  (B ain ton , U l ly o t  and F arquhar  1971) such t h a t  th e  

n u c l e u s  beco m es  m ore i n d e n t e d ,  u l t i m a t e l y  segm en ting  i n t o  d i s t i n c t  

l o b e s ;  n u c l e o l i  d i s a p p e a r ,  t h e  c e l l  b eco m es  s m a l l e r  and t h e r e  i s  a 

r e d u c t io n  in  th e  number o f  c e l l u l a r  o r g a n e l l e s  ( f r e e  r ib o so m e s ,  rough 

s u r f a c e d  e n d o p l a s m ic  r e t i c u l u m ,  m i t r o c h o n d r i a  and  G o lg i  c o m p le x ) .  

G ly co g en  p a r t i c l e s  a c c u m u l a t e  i n  t h e  c y t o p l a s m ,  b u t  t h e  m o s t  

d i s t i n c t i v e  m o r p h o l o g i c a l  f e a t u r e  i s  t h e  a b u n d a n c e  o f  c y t o p l a s m i c
o

g r a n u l e s ,  7 0 -9 0  A i n  w id th .  The g r a n u l e s  can  be d i v i d e d  i n t o  

' p r i m a r y '  ( o r  a z u r o p h i l )  and  ' s e c o n d a r y '  ( o r  s p e c i f i c )  p o p u l a t i o n s  

( T a b l e  1) ( K l e b a n o f f  a n d  C l a r k  1 9 7 8 ( a ) ) .  A l t h o u g h  a l k a l i n e  

p h o s p h a t a s e  i s  a l s o  fo u n d  i n  t h e  s p e c i f i c  g r a n u l e s  o f  t h e  m y e lo c y te  

(B ain ton  e t  a l  1971)> f r a c t i o n a t i o n  o f  m a tu re  PMN has  d e m o n s tra te d  i t s  

p re sen ce  in  a membrane f r a c t i o n  l a r g e l y  devoid  o f  g r a n u le s  (West e t  a l  

197*0. The p re se n c e  in  human PMN o f  a d i s t i n c t  t h i r d  ty p e  o f  g r a n u le  

p o p u la t io n  ( ' t e r t i a r y  g r a n u le s ' )  c o n t a i n i n g  a c i d  h y d r o l a s e s  h a s  a l s o  

been proposed  (West e t  a l  197*0.

The d u r a t io n  o f  th e  PMN's e x i s t e n c e  in  th e  t i s s u e s  i s  n o t  known, 

a l th o u g h  e s t i m a t e s  range from 1-4 days. Some o f  th e  c e l l s  w hich le a v e
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t h e  p e r ip h e r a l  b lood  a r e  removed by th e  f ix e d  macrophages o f  th e  l i v e r  

and s p le e n  (K lebano ff  and C la rk  1978(b)). The m a jo r i t y  p ro b ab ly  d ie  

w i th in  th e  t i s s u e s  fo l lo w in g  s t i m u l a t i o n  and r e l e a s e  o f  i n t r a c e l l u l a r  

c o n s t i t u e n t s  t o x i c  t o  t h e  p la s m a  m em brane  (W eissm a n ,  H i r s c h o r n  and  

K rakauer 1969, S a l i n  and McCord 1975).

PMN chem otaxis

U n s t i m u l a t e d  PMN m i g r a t e  i n  a  random  f a s h i o n  by e x t e n s i o n  o f  

pseudopods and p ro p a g a t io n  o f  s u r f a c e  c o n t r a c t i o n  w aves  o r i g i n a t i n g  

f r o m  p e r i p h e r a l  c y t o p l a s m i c  m i c r o t u b u l e s  a n d  c o n t r a c t i l e  

m i c r o f i l a m e n t s  o f  a c t i n  and  m y o s in  (S enda  e t  a l  1975). D u r in g  an  

in f lam m ato ry  re sp o n se  t h i s  m ig ra t io n  becomes d i r e c t e d  by th e  in f lu e n c e  

o f  s o lu b le  m e d ia to rs  (c h e m o ta c t ic  f a c t o r s )  such t h a t  PMN le a v e  f i r s t  

t h e  bone m arrow  and t h e n  t h e  p e r i p h e r a l  c i r c u l a t i o n  i n  i n c r e a s e d  

numbers f o r  th e  s i t e  o f  t i s s u e  i n s u l t .  D uring t h i s  d i r e c t e d  movement 

o r  'c h e m o ta x is '  PMN a r e  p o la r i s e d  w i th  th e  advancing  f r o n t  o f  th e  c e l l  

e x h i b i t i n g  a b ro a d  t h i n  v e i l ,  w h i l e  a  knob  l i k e  t a i l  and  t r a i l i n g  

r e t r a c t i o n  f i b r e s  a r e  seen  a t  th e  r e a r  (Zigmond and H irsc h  1973).

PMN c h e m o t a c t i c  f a c t o r s  c a n  be c l a s s i f i e d  a c c o r d i n g  t o  t h e i r  

s t r u c t u r a l  p r o p e r t i e s  (G o e tz l  1981) a s  f o l l o w s : -

( i )  P r o t e i n  f r a g m e n t s  o r  c o m p l e x e s  e . g .  C 5 a ,  C 5 6 7 ,  f i b r i n ,  

f ra g m e n ts  and c o l la g e n  f ra g e m e n ts .

( i i )  Enzymes e . g .  plasma k a l l i k r e i n .

( i i i )  C e l l u l a r  p e p t i d e s  o r  a n i o n s  e .g .  m o s t  c e l l  d e r iv e d  p e p t id e s  

and h i s ta m in e ,  and b a c t e r i a l  s o lu b le  f a c t o r s .

( iv )  Lymphokines

(v) L i p i d s  eg  b a c t e r i a l  l i p i d s ,  an d  m e t a b o l i t e s  o f  a r a c h i d o n a t e  

l ip o x y g en ase  (HETE) and a r a c h id o n a te  cyc looxygenase  (HHT).

Of th e s e , c o m p l e m e n t  and  b a c t e r i a l  d e r iv e d  f a c t o r s  a r e  p ro b a b ly  

th e  most im p o r ta n t .  K lebano ff  and C la rk  (1978(b)) have p roposed  t h a t
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a c h e m o t a c t i c  f a c t o r  i n t e r a c t s  w i t h  a r e c e p t o r  s i t e  on t h e  c e l l  

s u r f a c e  t r i g g e r i n g  a c o m p le x  s e r i e s  o f  e v e n t s  i n v o l v i n g  s e r i n e  

e s t e r a s e  a c t i v a t i o n ,  f l u x e s  o f  c a l c i u m ,  so d iu m  and  p o t a s s i u m , ,  

changes in  t ransm em brane  e l e c t r o p o t e n t i a l ,  r e d u c e d  s u r f a c e  c h a r g e ,  

i n h i b i t i o n  o f  t h e  r e s p i r a t o r y  b u r s t  (1.2.2) in c re a s e d  m e tabo lism  and 

g ra n u le  enzyme s e c r e t i o n .  As th e s e  e v e n ts  occu r  th e  r e c e p to r  s i t e  i s  

d e a c t iv a te d  and canno t respond  to  a subsequen t s t im u lu s  ( I s s e k u tz  and 

B igger 1977). I d e n t i f i c a t i o n  o f  c h e m o ta c t ic  f a c t o r  r e c e p to r  s i t e s  on 

PMN has  been l i m i t e d  by th e  la c k  o f  a v a i l a b i l i t y  o f  p u re  s t r u c t u r a l l y  

d e f in e d  c h e m o a t t r a c ta n ts .  Recent s t u d i e s  w i t h  s y n t h e t i c  f o r m y l a t e d  

p e p t id e s  have shown h ig h  a f f i n i t y  b in d in g  o f  [^H] fo rm y l met l e u  phe 

to  human PMN (W il l iam s  e t  a l  1977).

PMN c h e m o t a x i s  i s  i n h i b i t e d  by  a g e n t s  w h i c h  i n a c t i v a t e  

c h e m o ta c t ic  f a c t o r s  (such a s  a n a p h y l a t o x i n ,  l y s o s o m a l  p r o t e a s e ,  and  

# 2  m a c r o g l o b u l i n )  and t h o s e  w h ic h  i n t e r a c t  d i r e c t l y  w i t h  PMN 

re sp o n s iv e n e s s  (such as  th e  m ic ro tu b u le  i n h i b i t o r  c o l c h i c i n e  and th e  

m ic ro f i la m e n t  i n h i b i t o r  c y to c h a la s in  B) (K lebanoff  and C la rk  1978(b), 

G oetz l 1981). In  a d d i t i o n  PMN ch em o tax is  i s  in f lu e n c e d  by changes in  

pH and t e m p e r a t u r e  ( P h e lp s  and  S t a n i s l a w  1969) and  o s m o l a r i t y  (L o tz  

and H a r r i s  1956).

PMN t a r g e t  r e c o g n i t io n

B e f o r e  i t  can  e n g u l f  o r  p h a g o c y t o s e  t h e  o r g a n i s m  p a r t i c l e  o r  

immune complex to  which i t  has m ig ra te d ;  th e  PMN must f i r s t  r e c o g n i s e  

t h i s  t a r g e t .  T h is  i s  ach ieved  by s t i m u l a t i o n  o f  th e  c e l l ' s  r e c e p t o r s  

f o r  t h e  Fc c o m p o n en t o f  1gG (M e s s n e r  and  J e l i n e k  1970) ,  a n d / o r  C3b 

(H enson 1969),  r e s p e c t i v e l y  h e a t  s t a b l e  and  h e a t  l a b i l e  ' o p s o n i n s '  

a t t a c h e d  to  th e  s u r f a c e  o f  th e  t a r g e t .

The h e a t  s t a b l e  opson in  may be any an t ib o d y  m o lecu le  b in d in g  w i th  

im m u n o lo g ic a l  s p e c i f i c i t y  v i a  i t s  F ( a b ') 2  r e g i o n  t o  a n t i g e n s  on t h e
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s u r f a c e  o f  an  o r g a n i s m  o r  p a r t i c l e .  The o p s o n ic  a c t i v i t y  o f  1gG i s  

d e p e n d e n t  on t h e  i n t e g r i t y  o f  t h e  Fc r e g i o n  and  i s  l o s t  by r e a c t i o n  

w i th  rheum a to id  f a c t o r .

The h e a t  l a b i l e  o pson in ,  com plem ent, can be a c t i v a t e d  d i r e c t l y  by 

th e  p a r t i c l e  o r  organ ism  v i a  th e  a l t e r n a t e  pathw ay, o r  i n d i r e c t l y  by 

im m u n o g lo b u l in  bound t o  t h e  p a r t i c l e  o r  o r g a n i s m ,  t h u s  f o r m i n g  a 

c o m p le x  w h ic h  a c t i v a t e s  c o m p le m e n t  v i a  t h e  c l a s s i c a l  p a th w a y .  The 

i n t e r a c t i o n  o f  h e a t  l a b i l e  and h e a t  s t a b l e  opson ins  in  t u r n  ap p e a rs  to  

be more th a n  a d d i t i v e  (K lebano ff  and C la rk  1978(c)). The C3b r e c e p to r  

a p p e a rs  to  fu n c t io n  p r i m a r i l y  to  b ind  th e  p a r t i c l e  t o  PMN and does n o t  

i n i t i a t e  p h a g o c y to s is ,  w hereas  r e a c t i o n  o f  th e  p a r t i c l e  w i th  th e  Fc 

r e c e p to r  i s  r e q u i r e d  to  t r i g g e r  th e  i n g e s t i o n  phase b u t  i s  r e l a t i v e l y  

i n e f f i c i e n t  a t  in d u c in g  ad h eren ce  (K lebano ff  and C la rk  1978(c)).

PMN p h a g o c y to s is

F o l l o w i n g  r e c o g n i t i o n ,  PMN p s e u d o p o d s  s u r r o u n d  t h e  o p s o n i s e d  

o r g a n i s m  o r  p a r t i c l e  by a  p r o c e s s  o f  c i r c u m f e r e n t i a l  a d h e r e n c e  

( G r i f f i n ,  G r i f f i n  and S i l v e r s t e i n  1976) and  p h a g o c y t o s i s  b e g i n s .  

L ig a n d  a t t a c h / m e n t  t o  m em brane r e c e p t o r s  on t h e  PMN m em brane i s  

accompanied by e x c lu s io n  o f  o r g a n e l l e s  and fo rm a t io n  o f  a  f i l a m e n to u s  

ne tw ork  in  th e  submembrane a r e a .  F i n a l l y  th e  pseudopods f u l l y  e n c lo se  

t h e  p a r t i c l e  i n  a v a c u o l e  c o n s i s t i n g  o f  i n t e r n a l i s e d  e x t r a c e l l u l a r  

space surrounded  by p lasm a membrane. The opposed membranes i n i t i a l l y  

form a  s t a l k  co n n ec t in g  th e  v a c u o la r  space  w i th  th e  e x t e r n a l  m i l i e u ;  

th en  fu s io n  and l y s i s  occu r  and th e  phagosome i s  s e t  f r e e  w i t h i n  th e  

c e l l .  P h a g o c y t o s i s  i s  i n f l u e n c e d  by s e v e r a l  e n v i r o n m e n t a l  f a c t o r s  

i n c l u d i n g  t h e  p r e s e n c e  o f  t h e  d i v a l e n t  c a t i o n s  Ca^+ an d  Mg^+ , 

t e m p e r a t u r e ,  pH and  v a r i o u s  p h a r m a c o l o g i c a l  a g e n t s  ( K l e b a n o f f  and  

C la r k  1 9 7 8 (c ) ) .

PMN ' r e s p i r a t o r y  b u r s t  *
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T h i s  m e c h a n i s m  f o r  PMN o x i d a t i v e  k i l l i n g  o f  i n g e s t e d  

m ic ro o rg an ism s  w i l l  be rev iew ed  i n  d e t a i l  in  s e c t i o n  1.2.2 o f  t h i s  

t h e s i s .

PMN d e g r a n u la t io n

F o llo w in g  p h a g o c y to s is  s p e c i f i c  and a z u ro p h i l  g r a n u le s  o f  th e  PMN 

c y t o p la s m  f u s e  w i t h  t h e  p h a g o c y t i c  v a c u o l e ,  t h e  common m em brane  

r u p tu r e s  and g ra n u le  c o n te n ts  a r e  d is c h a rg e d  in t o  th e  v a c u o la r  space  

c o n v e r t i n g  t h e  phagosom e i n t o  a p h a g o ly s o s o m e  ( K le b a n o f f  and  C l a r k  

1978(d)). S in ce  g ra n u le  fo rm a t io n  does n o t  occu r  beyond th e  m ye locy te  

s t a g e  o f  PMN d e v e l o p m e n t ,  d e g r a n u l a t i o n  i r r e v e r s i b l y  d e p l e t e s  t h e  

m a tu re  c e l l  o f  th e s e  o r g a n e l l e s .  In  th e  r a b b i t  PMN, s p e c i f i c  g r a n u le s  

d i s c h a r g e  t h e i r  c o n t e n t s  f i r s t ,  w i t h  a l k a l i n e  p h o s p h a t a s e  b e i n g  

d e t e c t a b l e  i n  t h e  p h a g o c y t i c  v a c u o l e  a s  e a r l y  a s  30 s e c o n d s  a f t e r  

i n i t i a t i o n  o f  p h a g o c y t o s i s ,  w h e r e a s  m y e l o p e r o x i d a s e  a p p e a r s  a t  1 -3  

m in u te s  (B ain ton  1973).

E x t r a c e l l u l a r  r e l e a s e  o f  PMN g ra n u le  c o n s t i t u e n t s

G ranule c o n s t i t u e n t s  o f  th e  PMN can be r e l e a s e d  e x t r a c e l l u l a r l y  

under fo u r  ty p e s  o f  c i rc u m s ta n c e s  (Table 2). P lasm a membrane r u p tu r e  

i e a d i n g  t o  c e l l  d e a t h  and  r e l e a s e  o f  c y t o p l a s m i c  c o n t e n t s  may be 

caused  by exposure  to  to x i c  s u b s ta n c e s  (such  as  d e t e r g e n t ) ,  e x t re m e s  

o f  pH te m p e ra tu re  and o s m o la r i ty ,  and m em brano ly tic  su b s ta n c e s  such  a s  

sodium u r a t e  c r y s t a l s .  P lasma membrane r u p tu r e  may a l s o  be caused  by 

l e a k a g e  o f  l y s o s o m a l  h y d r o l a s e s  f ro m  t h e  p h a g o ly s o s o m e s  t o  t h e  

cy top lasm .

R e g u r g i t a t i o n  d u r i n g  f e e d i n g  ( T a b l e  2) o c c u r s  w h e n  a 

phagolysosome opens to  th e  e x t e r i o r ,  o r  when d e g ra n u la t io n  o c c u rs  i n t o  

a d e v e l o p i n g  p h a g o c y t i c  v a c u o l e ,  p r i o r  t o  i t s  c l o s u r e .  R e v e r s e  

e n d o c y to s i s  o ccu rs  when a PMN i s  exposed to  a  l a r g e  membranous s u r f a c e  

c o a te d  w ith  immune r e a c t a n t s  such a s  a n t ig e n - a n t ib o d y  com plexes. The
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c e l l  a d h e re s  to  th e  s u r f a c e ,  w hich i s  to o  l a rg e  to  be e n g u l fe d ,  and i s  

s t i m u l a t e d  t o  r e l e a s e  i t s  g r a n u l e  en z y m e s .  I n  b o th  r e g u r g i a t i o n  

d u r i n g  f e e d i n g  and  r e v e r s e  e n d o c y t o s i s  r e l e a s e  i s  s e l e c t i v e  f o r  

g ra n u le  and n o t  c y to p la sm ic  enzymes, and c e l l  v i a b i l i t y  i s  m a in ta in e d  

(Weissmann e t  a l .  1971, Henson 1971).

C om plem en t d e r i v e d  and  c h e m o t a c t i c  f a c t o r s  h ave  b e e n  show n t o  

induce e x t r a c e l l u l a r  d is c h a rg e  o f  PMN g ra n u le  c o n s t i t u e n t s  (Table 2). 

B e c k e r  e t  a l  (1974)  fo u n d  t h a t  s u b s t a n t i a l  enzym e r e l e a s e  o n ly  

o c c u r r e d  when PMN w e re  a l l o w e d  t o  s e t t l e  on m i c r o p o r e  f i l t e r s  

s u g g e s t in g  t h a t  th e  c h e m o ta c t ic  f a c t o r  m edia ted  enzyme r e l e a s e  i s  a 

s p e c i a l  case  o f  r e v e r s e  e n d o c y to s i s .

S tu d ie s  o f  e x t r a c e l l u l a r  g ra n u le  c o n te n t  r e l e a s e  by PMN have been 

g r e a t l y  f a c i l i t a t e d  by th e  use  o f  th e  fu n g a l  m e ta b o l i t e  c y to c h a l a s i n  B 

which i n t e r f e r e s  w i th  c y to p la sm ic  m ic ro f i l a r a e n t  fu n c t io n  (W e s se l l s  e t  

a l  1971) and b l o c k s  m em brane t r a n s p o r t  o f  s u g a r s  and  n u c l e o s i d e s  

(E s tensen  and Plagemann 1972, Zigmond and H irsch  1972a). PMN t r e a t e d  

w ith  c y to c h a la s in  B a r e  u n ab le  to  i n g e s t  opson ised  p a r t i c l e s  (Zigmond 

and  H i r s c h  1972b) w h ic h  n o n e - t h e - l e s s  a d h e r e  t o  t h e  c e l l  s u r f a c c e .  

G r a n u le s  m erge  w i t h  t h e  c e l l  m em brane and  t h e i r  c o n t e n t s  ( w i t h o u t  

o t h e r  c y t o p l a s m i c  c o n s t i t u e n t s )  a r e  r e l e a s e d  i n  a r e a s  o f  p a r t i c l e  

c o n ta c t .  M e c h a n i s t ic a l ly  t h i s t t h e r e f o r e ,  a l s o  r e p r e s e n t s  an exam ple o f  

r e v e r s e  e n d o c y to s is .

T h e .p o t e n t i a l  consequences  o f  PMN e x t r a c e l l u l a r  d e g r a n u la t i o n  a r e  

t i s s u e  i n j u r y  t o  t h e  h o s t  by  i n t e r a c t i o n  w i t h  h o s t  c e l l s  o r  

c i r c u l a t o r y  f a c t o r s  (Table 3). S e v e ra l  l i n e s  o f  ev idence  p o in t  t o  th e  

i n v o l v e m e n t  o f  PMN g r a n u l e  c o n s t i t u e n t s  i n  t h e  m e d i a t i o n  o f  t i s s u e  

i n j u r y  i n  hum an  d i s e a s e s  s u c h  a s  a c u t e  p o s t  s t r e p t o c o c c a l  

g l o m e r u l o n e p h r i t i s  (K a ra n ,  S a a t c i  and  B a k k a lo g u ,  1976),  em physem a 

(L ie b e rm a n  1976),  r h e u m a t o i d  a r t h r i t i s  (S m i th  and H amerm an 1962 ,
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B e n n e t t  and  S k o sey  1977) and  r h e u m a t o i d  v a s c u l i t i s  (S c h u m a c h e r  an d  

Agudelo 1972). E x p e r im en ta l  t i s s u e  damage has a l s o  been produced  by 

i s o l a t e d  PMN g ra n u le s  (Weissmann e t  a l  1969b). G ran u la r  p r o te a s e s  can 

h o w e v e r  be i n a c t i v a t e d  e x t r a c e l l u l a r l y  by c i r c u l a t i n g  p r o t e a s e  

i n h i b i t o r s  s u c h  a s  q l .j a n t i t r y p s i n  ( G a ld s to n  e t  a l  1973) and  a g  

m a c ro g lo b u lin  (B a rn e t t  and S ta rk e y  1973). The r o l e  o f  e x t r a c e l l u l a r l y  

r e l e a s e d  g ra n u le  p r o te a s e s  in  th e  p a th o g e n e s is  o f  rheum ato id  a r t h r i t i s  

has  th u s  f r e q u e n t ly  been c o n te s t e d  ( B a r r e t  and S a k la tv a la  1981) w h i le  

t h e  c a s e  f o r  t h e i r  i n v o l v e m e n t  i n  em physem a h a s  b e e n  b a s e d  on t h e  

known d e f i c i e n c y  ofcx-j a n t i t r y p s i n  i n  t h i s  c o n d i t i o n  (L ie b e r m a n

1976).

C o n s e q u e n c e s  o f  t h e  e x t r a c e l l u l a r  r e a c t i o n  o f  t h e  a z u r o p h i l  

g r a n u l a r  p r o t e i n  m y e l o p e r o x i d a s e  (T a b le  3) w i t h  h y d ro g e n  p e r o x i d e  

p r o d u c e d  d u r i n g  t h e  PMN r e s p i r a t o r y  b u r s t  are d i s c u s s e d  i n  t h e  

fo l lo w in g  s e c t i o n  1 . 2 . 2 .

1 .2 .2  The PMN R e s p i r a to ry  B u rs t

O rg a n is m s  w h ic h  u t i l i s e  o xygen  h a v e  e v o lv e d  m e c h a n is m s  w h ic h  

m in im ise  th e  p ro d u c t io n  o f  oxygen r a d i c a l s  and  e f f i c i e n t l y  s c a v e n g e  

t h o s e  w hose p r o d u c t i o n  c a n n o t  be a v o i d e d  ( F r i d o v i c h  1976).  M o st  o f  

th e  m o le c u la r  oxygen consumed by c e l l s  i s  reduced  to  w a te r  i n  a  s i n g l e  

t e t r a v a l e n t  s t e p  by t h e  m i t o c h o n d r i a l  cytochrom e c o x id a se  com plex, 

th e re b y  av o id in g  th e  g e n e r a t io n  o f  oxygen r a d i c a l s  and o th e r  r e a c t i v e  

m e ta b o l i t e s  (F ig . 1, 1.1) (K e i l in  1925). Cytochrome c o x id a t io n  i s

c o u p le d  t o  t h e  p h o s p h o r y l a t i o n  o f  ADP t o  ATP and i s  i n h i b i t a b l e  by 

carbon  monoxide, c y an id e ,  r o .n - t id in e ,  hydrogen s u lp h id e  and a n t im y c in  

A (Lehninger 1975). P ro d u c ts  o f  th e  u n iv a l e n t  r e d u c t io n  o f  oxygen a r e  

a l s o  avoided  by o th e r ,  non p h o s p h o ry la t in g  e l e c t r o n  t r a n s p o r t  s y s te m s  

l o c a l i s e d  to  th e  m icrosom al f r a c t i o n  o f  endop lasm ic  r e t i c u lu m ,  and by
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c e r t a i n  d ioxygenase  enzymes w hich a r e  a b le  to  c a t a ly s e  i n s e r t i o n  o f  

b o th  atoms o f  th e  oxygen m o lecu le  i n t o  an o rg a n ic  s u b s t r a t e  m o lecu le  

(L ehninger 1975).

D u r in g  t h e  l a s t  t w e n t y  f i v e  y e a r s  i t  h a s  b e e n  show n t h a t  w h i l e  

th e  m a jo r i ty  o f  c e l l s  l a r g e l y  avo id  th e  p ro d u c t io n  o f  oxygen r a d i c a l s  

v i a  t h e  ab o v e  m e c h a n is m s ,  s t i m u l a t e d  p h a g o c y t i c  c e l l s  a r e  b u s i l y  

i n v o l v e d  i n  t h e i r  p r o d u c t i o n  f o r  t h e  o x i d a t i v e  k i l l i n g  o f  b a c t e r i a .  

W hile th e  l a t t e r  a c t i o n  i s  l i k e l y  to  b e n e f i t  th e  h o s t ,  th e  p r o b a b i l i t y  

t h a t  oxygen r a d i c a l s  and o th e r  r e a c t i v e  oxygen m e ta b o l i t e s  so produced 

may e x e r t  a d e l e t e r i o u s  e f f e c t  on h o s t  t i s s u e s  and  t h e r e b y  c a u s e  

d i s e a s e  i s  now r e c e iv in g  in c r e a s in g  s tu d y .  The p o t e n t i a l  f o r  oxygen 

r a d i c a l  i n v o l v e m e n t  i n  d i s e a s e  p a t h o g e n e s i s  w i l l  be e x a m in e d  i n  

g r e a t e r  d e t a i l  i n  t h e  n e x t  s e c t i o n  ( 1 .2 .3 ) .  I n  t h i s  s e c t i o n  t h e  

p r o d u c t i o n  o f  oxygen  r a d i c a l s  d u r i n g  t h e  PMN r e s p i r a t o r y  b u r s t  i s  

rev iew ed .

H i s t o r i c a l  P e r s p e c t iv e  B a ld r id g e  and G erard  (1933) w ere th e  f i r s t  to  

observe  a  b u r s t  o f  oxygen consum ption  on th e  a d d i t i o n  o f  s a r c i n a  l u t e a  

t o  dog l e u k o c y t e s .  I n  1956 S t a h e l i n ,  S u t e r  and  K a rn o v sk y  n o t e d  an  

i n c r e a s e  i n  oxygen  c o n s u m p t io n  an d  t h e  o x i d a t i o n  o f  c a r b o n  -  one  -  

g lu c o se  t o  CO2 d u r in g  p h a g o c y to s is  o f  g u in e a  p ig  le u k o c y te s .  I t  was 

o r i g i n a l l y  th o u g h t t h a t  th e  purpose  o f  t h i s  r i s e  in  oxygen consum ption  

1 was to  p ro v id e  energy  f o r  p h a g o c y to s is .  S b a r ra  and Karnovsky (1959) 

showed, however, t h a t  p h a g o c y to s is  o c c u rre d  under n i t r o g e n  a s  w e l l  a s  

under oxygen, and d em o n s tra ted  t h a t  th e  in c r e a s e  i n  oxygen u p ta k e  was 

i n s e n s i t i v e  t o  i n h i b i t o r s  o f  m i t o c h o n d r i a l  r e s p i r a t i o n  s u c h  a s  

c y a n i d e ,  a n t i m y c i n  A and  d i n i t r o p h e n o l .  The i n c r e a s e d  o x i d a t i o n  

g lu c o se  1 - 1^C to  1I|C02 wa3 u n a f f e c t e d .  I n t e r f e r e n c e  w i th  g l y c o l y s i s  

b locked th e  e n t i r e  p ro c e s s  (Becker e t  a l  1958).

In  1961 I y e r ,  I s l a m  and Q u a s t e l  d e m o n s t r a t e d  t h a t  f o r m a t e  w as
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1 ue f f e c t i v e l y  c o n v e r t e d  t o  ' nC02 by p h a g o c y to s in g  g ra n u lo c y te s .  They 

a s c r ib e d  t h i s  to  a  c a t a l a t i c  o x id a t io n  o f  fo rm ate  due to  th e  r e l e a s e  

o f  s u b s t a n t i a l  a m o u n ts  o f  p e r o x i d e  d u r i n g  p h a g o c y t o s i s .  T h i s  was 

l a t e r  v a l i d a t e d  by d i r e c t  o b s e r v a t i o n  and  m e a s u re m e n t  o f  H20 2 

fo rm a t io n  (P au l and S b a r ra  1968).

I y e r  e t  a l  (1961) proposed  t h a t  H202 was used by th e  phagocy te  a s  

a  b a c t e r i c i d a l  a g e n t  and were th e  f i r s t  to  draw a co n n e c t io n  betw een 

t h e  i n c r e a s e d  PMN o xygen  c o n s u m p t io n  and  g l u c o s e  o x i d a t i o n  and  t h e  

m i c r o b i c i d a l  m e c h a n is m s  o f  p h a g o c y t o s i s .  B e tw ee n  1966 an d  1970 

K l e b a n o f f  and  c o - w o r k e r s  ( K l e b a n o f f ,  Clem and Luebke 1966, B e ld in g ,  

K l e b a n o f f  and  Ray 1970) d e s c r i b e d  a p o w e r f u l  n a t u r a l  m i c r o b i c i d a l  

s y s t e m  c o n s i s t i n g  o f  h y d ro g e n  p e r o x i d e ,  t h e  PMN a z u r o p h i l  g r a n u l e  

e n z y m e  m y e l o p e r o x i d a s e s ,  a n d  a  h a l i d e ,  t h e r e b y  l i n k i n g  PMN 

d e g ra n u la t io n  w i th  th e  ' r e s p i r a t o r y  b u r s t ' .  In  1967 Holmes, Page and 

Good showed t h a t  PMN from p a t i e n t s  w i th  c h ro n ic  g ranu lom atous  d i s e a s e  

do n o t  m a n ife s t  a  r e s p i r a t o r y  b u r s t  and a r e  d e f e c t i v e  w i th  r e s p e c t  to  

b a c t e r i a l  k i l l i n g ,  a l th o u g h  they  can in g e s t  p a r t i c l e s  n o rm a l ly .

In  1973 B ab io r e t  a l  e s t a b l i s h e d  t h a t  th e  phagocy te  r e s p i r a t o r y  

b u r s t  i n c l u d e d  n o t  o n ly  i n c r e a e d  oxygen  u p t a k e ,  H20 2 p r o d u c t i o n  an d  

a c t i v i t y  o f  t h e  h e x o s e  m o n o p h o s p h a te  s h u n t  p a th w a y ,  b u t  a l s o  

p r o d u c t i o n  o f  s u p e r o x i d e  a n i o n ,  From 1975, c y t o c h e m i c a l  and  o t h e r  

te c h n iq u e s  r e v e a le d  th e  c e l l u l a r  l o c a l e  o f  H202 and 02*” p ro d u c t io n  a s  

th e  plasmalemma and i n t e r n a l  l i n i n g  o f  phagosome membranes (B riggs  e t  

a l  1975(b), G o ld s te in  e t  a l  1977).

The c o n s t i t u e n t  p a r t s  o f  t h e  c o o r d i n a t e d  s e r i e s  o f  m e t a b o l i c  

ev e n ts  which com prise  th e  PMN r e s p i r a t o r y  b u r s t ,  t h e i r  i n t e r r e l a t i o n  

and s e q u t l a e  w i l l  now be co n s id e re d  in  g r e a t e r  d e t a i l .

In c re a s e d  oxygen consumption

The PMN r e s p i r a t o r y  b u r s t  can be a c t i v a t e d  by p e r t u r b a t i o n  o f  th e
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plasm a membrane by a v a r i e t y  o f  a g e n t s ,  bo th  p a r t i c u l a t e  and s o lu b le  

(Table 4). The up to  10 f o ld  in c r e a s e  i n  oxygen consum ption  u s u a l ly  

f o l lo w s  exposure  o f  th e  PMN to  th e  s t im u lu s  by 30-60 seconds  (Weening, 

R o o s  a n d  L o o s ,  1 9 7 4 ,  R o o t  e t  a l  1 9 7 5 )  a n d  r e q u i r e s  n e i t h e r  

p h a g o c y t o s i s  n o r  d e g r a n u l a t i o n ,  b u t  s i m p l y  c o n t a c t  o f  t h e  s t i m u l u s  

w i t h  t h e  c e l l  s u r f a c e  ( G o l d s t e i n  e t  a l  1975). I n  one s t u d y  (De 

C h a te le t  e t  a l  1972) in g e s t io n  o f  l a b e l l e d  b a c t e r i a  was com ple te  i n  10 

m in u te s ,  th e  b u r s t  o f  oxygen consum ption  co n tin u ed  f o r  20 m in u te s  and 

th e  in c r e a s e  in  hexose monophosphate sh u n t a c t i v i t y  f o r  30-45 m in u te s  

f o l l o w i n g  t h e  a d d i t o n  o f  p a r t i c l e s .  A l th o u g h  t h e  i n c r e s e d  o xygen  

c o n s u m p t io n  p e r  s e  i s  s e n s i t i v e  t o  i n h i b i t o r s  o f  m i t / o c h o n d r i a l  

r e s p i r a t i o n  (S b a rra  and Karnovsky 1959) i t s  a c t i v a t i o n  can be b locked  

by i n h i b i t o r s  o f  g l y c o l y s i s  a n d  m i t ^ o c h o n d r i a l  o x i d a t i v e  

p h o s p h o ry la t io n  (Cohen and Chovaniec 1978) and i s  dependen t upon th e  

e x t r a c e l l u l a r  p r e s e n c e  o f  d i v a l e n t  c a t i o n s  c a l c iu m  and m ag n esiu m  

(Romeo e t  a l  1975).

The i d e n t i t y  o f  t h e  enzym e r e s p o n s i b l e  f o r  t h e  p r i m a r y  o x y g en  

consuming r e a c t i o n  o f  th e  r e s p i r a t o r y  b u r s t  has  been a  c o n t r o v e r s i a l  

i s s u e  f o r  many y e a r s  ( I y e r  and  Q u a s t e l  1963» R o s s i  and  Z a t t i  1964).  

B a b i o r ,  C u r n e t t e ,  and  M cM urich  (1976) c h a r a c t e r i s e d  an  enzym e f ro m  

human PMN i n  t h e  a b s e n c e  o f  m a n g an ese  i o n s  w h ic h  p r o d u c e d  C^*” 

a c c o rd in g  to  th e  fo l lo w in g  r e a c t i o n  ( 1)

NAD PH + 2 02 ----------> 1 0 2 *“ + NADP+ + H+ ------------ (1)

T h i s  r e a c t i o n  was fo u n d  t o  em p loy  e i t h e r  NADH o r  NADPH a s  e l e c t r o n  

d o n o r s ,  b u t  s e v e r a l  o b s e r v a t i o n s  s u p p o r t  t h e  l a t t e r  a s  t h e  

p h y s io lo g ic a l  donor (B ab ior 1978). F i r s t l y  th e  M ic h a e l i s  c o n s ta n t  f o r  

NADPH i s  l o w e r  t h a n  f o r  NADH ( B a b io r  e t  a l  1976) ,  s e c o n d l y  NADPH 

l e v e l s  f a l l  and  NADP+ l e v e l s  r i s e  d u r i n g  PMN s t i m u l a t i o n  w h e r e a s  

NADH/NAD* l e v e l s  a r e  unchanged (S e lv a r a j  and S b a r ra  1967), and t h i r d l y
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p a t i e n t s  in  whom NADPH l e v e l s  a r e  d e p le te d  by G-6-PD d e f i c i e n c y ,  th e  

PMN r e s p i r a t o r y  b u r s t  i s  g r e a t l y  d im in is h e d  (Cooper e t  a l  1972).

E xperim ents  have shown how ever, t h a t  th e  NADPH o x id a se  i s o l a t e d  

f ro m  human PMN d o e s  n o t  e x h i b i t  s u f f i c i e n t  a c t i v i t y  t o  c o v e r  t h e  

r e s p i r a t o r y  b u r s t  o f  th e  whole c e l l  (Gabig and B abior 1979> Badwey and 

K arn o v sk y  1980). I t  w as t h e r e f o r e  p r o p o s e d  t h a t  t h e  a c t i v a t i n g  

'e n z y m e '  h i t h e r t o  a p p r o a c h e d  a s  a s i n g l e  e n t i t y  i s  i n  f a c t  a 

m ulticom ponen t system  d i s r u p te d  by c e l l  hom og en isa tio n .  Evidence f o r  

such a system  was f i r s t  p ro v id ed  by H a t t o r i  (1961) and Shinagawa e t  a l  

( 1 9 6 6 )  who d e s c r i b e d  b - c y t o c h r o m e s  i n  h o r s e  a n d  r a b b i t  PMN 

r e s p e c t i v e l y .  They showed t h a t  th e  b -cy tochrom e was a u t o x i d i s a b l e  and 

c o u ld  be r e d u c e d  by NADH o r  NADPH u n d e r  a e r o b i c  c o n d i t i o n s .  T h i s  

r e d u c t io n  was i n s e n s i t i v e  to  cyan ide  and a n t im y c in  A. A s i m i l a r  b -  

cytochrome was l a t e r  d em o n s tra ted  in  th e  plasmalemma o f  human PMN, b u t  

was a b se n t  in  most c a se s  o f  c h ro n ic  g ranu lom atous  d i s e a s e  (S ega l and 

Jones  1978, S egal e t  a l  1978). I t  i s  known t h a t  cy tochrom es o f  th e  b -  

t y p e  a r e  i n i t i a l l y  i n v o l v e d  i n  t h e  o x i d a t i o n  o f  r e d u c e d  q u in o n e s  

(C ra n e  1977). Q u in o n e s  a r e  c a p a b l e  o f  s h u t t l i n g  e l e c t r o n s  a c r o s s  

membranes, and o f  a u t o - o x i d i s in g  to  produce bo th  O2**" and H2O2 (Crane 

1977, M isra  and F r id o v ic h  1972). W hether qu inones  a r e  p r e s e n t  i n  th e  

plasmalemma o f  human PMN rem a in s  to  be e s t a b l i s h e d .

There i s  now g e n e ra l  ag reem en t t h a t  th e  a c t i v a t i n g  enzyme complex 

(NADPH o x id a se /b -cy to c h ro m e)  i s  s i t u a t e d  in  th e  p lasm a membrane (Roos 

H o m a n -M u lle r  and  W een ing  1976, G o l d s t e i n  e t  a l  1975, J o h n s t o n  e t  a l  

1975, S a l i n  and  McCord 1974, B a e h n e r  1975). Roos e t  a l  (1977 )  h a v e  

proposed  t h a t  th e  complex i s  membrane spanning  (F ig  3) such  t h a t  th e  

red u c in g  NADPH comes from th e  c e l l  i n t e r i o r  and O2 from th e  e x t e r i o r ,  

r e l e a s i n g  NADP+ i n s i d e  and 0 2 *“ o u t s i d e .  T h i s  o r i e n t a t i o n  w o u ld  be 

m a in ta in ed  d u r in g  phagosome f o r m a t io n  a l l o w i n g  r e l e a s e  o f  Op*” i n t o
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t h e  phagosom e ( F ig  3 ) .  The q u e s t i o n  a r i s e s  a s  t o  w h ic h  p a r t  o f  t h e  

PMN p la s m a  m em brane i s  t r i g g e r e d  i n t o  O2 *-  p r o d u c t i o n .  Does PMN 

s t i m u l u s  a t t a c h m e n t  a c t i v a t e  a l l  NADPH c o m p le x e s  i n  t h e  p la s m a  

membrane, o r  on ly  th o s e  a t  th e  s i t e  o f  a t ta c h m e n t?  Roos e t  a l  (1977) 

favou red  th e  l a t t e r .

The Hexose Monophosphate Shunt

The i n c r e a s e  i n  PMN g ly c o g e n  d e g r a d a t i o n  i n  t h e  e a r l y  p o s t  

p h a g o c y t i c  p e r i o d  ( S b a r r a  an d  K a rn o v s k y  1959) i s  n o t  a s s o c i a t e d  w i t h  

changes in  c y c l i c  AMP l e v e l s ,  n o r  i s  i t  in f lu e n c e d  by e p in e p h r in e  o r  

g lu c a g o n  ( S t o s s e l  e t  a l  1971). I t  i s ,  h o w e v e r ,  a s s o c i a t e d  w i t h  a 

d e c r e a s e  i n  g l u c o s e - 6- p h o s p h a t e  l e v e l s  a t t r i b u t e d  t o  i n c r e a s e d  

d e g r a d a t i o n  o f  t h i s  c o m p o u n d  by  t h e  g l y c o l y t i c  a n d  h e x o s e  

monophosphate shun t pathways ( Je m e l in  and F r e i  1970).

I n  t h e  r e s t i n g  PMN, l e s s  t h a n  10% o f  g l u c o s e  p a s s e s  t h r o u g h  t h e  

h e x o s e  m o n o p h o sp h a te  s h u n t .  TJp t o  a  f o u r  f o l d  i n c r e a s e  h a s  b e e n  

observed  d u r in g  p h a g o c y to s is  (K lebano ff  and C la rk  1978(e)). G lu co se -  

6 - p h o s p h a t e  d e h y d r o g e n a s e  l i e s  a t  t h e  e n t r a n c e  o f  t h e  h e x o s e  

m o n o p h o sp h a te  s h u n t  (Kahn e t  a l  1976) and  c a t a l y s e s  t h e  f o l l o w i n g  

r e a c t i o n  (2)

G lu co se -6-p h o sp h a te  + NADP+ -------- 4 6 phosphog lucona te  + NADPH + H+
f --------

 ( 2 )

NADP+ l e v e l s  a r e  m a i n t a i n e d  by r e o x i d a t i o n  o f  NADPH. The NADPH 

o x i d a s e  ( b - c y to c h r o m e )  c o m p le x  w o u ld  t h u s  a p p e a r  t o  m e e t  t h e  t o t a l  

r e q u i r e m e n t s  o f  t h e  PMN r e s p i r a t o r y  b u r s t  ( F ig  4 ) ,  n a m e ly  i n c r e a s e d  

oxygen  c o n s u m p t io n ,  s u p e r o x i d e  a n i o n  fo rm a t io n ,  and in c r e a s e d  NADPH 

o x id a t io n  to  f u e l  th e  hexose monophosphate sh u n t.  I t  i s  w e l l  a c c e p te d  

t h a t  NADP+ i s  a l s o  r e p l e n i s h e d  by t h e  g l u t a t h i o n e  p e r o x i d a s e  -  

g lu t a th i o n e  r e d u c ta s e  system  r e s p o n s ib l e  f o r  th e  r e d u c t io n  o f  H2O2 in  

th e  cy top lasm  (Reed 1969).

4 9







The p ro d u c t io n  o f  s u p e ro x id e  a n io n  and hydrogen p e ro x id e

The g e n e r a t i o n  o f  s u p e r o x i d e  a n i o n  by human PMN w as f i r s t  

s u g g e s t e d  by  B a b i o r  e t  a l  ( 1 9 7 3 )  b a s e d  on  t h e  r e d u c t i o n  o f  

f e r r ic y to c h ro m e  c by i n t a c t  c e l l s  and th e  i n h i b i t i o n  o f  t h i s  r e d u c t io n  

by su p e ro x id e  d ism u ta se .  The t im e  c o u rse  o f  02*“ p ro d u c t io n  was found 

to  be s i m i l a r  to  t h a t  o f  PMN oxygen consum ption  (C u rn e t te  and B ab io r  

197^) and  i t  c o u ld  be  p ro v o k e d  by t h e  sam e a r r a y  o f  p a r t i c u l a t e  and  

s o lu b le  s t i m u l i ,  s u g g e s t in g  t h a t  p e r t u r b a t i o n  o f  th e  p lasm a membrane 

i s  a g a in  an adequa te  s t im u lu s  (Be C h a t e l e t  e t  a l  1975, G o ld s te in  e t  a l  

1975, C u rn e t te  and B ab io r  1975, K leb an o ff  and C lark  1978(e)).

I n  1975 W eening  e t  a l  d e m o n s t r a t e d  t h a t  a t  l e a s t  70^ o f  t h e  

oxygen consumed by s t im u la t e d  PMN cou ld  be accoun ted  f o r  a s  C^*” . In  

th e  same y ea r  Root and M e tc a l f  (1975) showed t h a t  a t  l e a s t  70^ o f  th e  

h y d ro g e n  p e r o x i d e  p r o d u c e d  by s t i m u l a t e d  PMN i s  d e r i v e d  f ro m  0 2 **". 

D em ons tra t ion  o f  th e  invo lvem en t o f  th e  NADPH o x id a se  enzyme i n  th e  

i n h i b i t i o n  o f  t h e  r e s p i r a t o r y  b u r s t  (B a b io r  e t  a l  1976) p r o v i d e d  a 

p r o b a b l e  e x p l a n a t i o n  f o r  t h e s e  o b s e r v a t i o n s .  S u p e r o x id e  a n i o n  w as 

t h u s  p ro d u c e d  by o x i d a t i o n  o f  NADPH ( r e a c t i o n  ( 1 ) ,  F ig .  3) and  

hydrogen pe ro x id e  by ' d i s m u t a t i o n * o f  su p e ro x id e  an io n  (B ab io r  1977).

I n  t h e  d i s m u t a t i o n  r e a c t i o n  tw o  s u p e r o x i d e  a n i o n  r a d i c a l s  

i n t e r a c t  i n  s u c h  a  f a s h i o n  t h a t  one  a n i o n  i s  r e d u c e d  and  t h e  o t h e r  

o x id i s e d  w ith  th e  r e s u l t a n t  fo rm a t io n  o f  H202 and 02 ( r e a c t i o n  ( 3 ) ) .

° 2 *“ + 0 2 -  + 2H+ ---------- > H202 + 0 2 -------- (3)

The s u p e r o x i d e  a n i o n  i s  a  weak b a s e  (pKa = 4 .8 )  (B eh a r  e t  a l  1970) .  

The r a t e  o f  spon taneous d i s m u ta t io n  i s  t h e r e f o r e  a f f e c t e d  by pH and i s  

f a v o u r e d  by an  a c i d  e n v i r o n m e n t  (Badwey and  K arn o v sk y  1980).  The 

a c i d i c  pH o f  th e  p h ag o cy t ic  vacuo le  was f i r s t  r e p o r te d  by M e tc h n ik o f f  

(1905) who o b s e r v e d  t h a t  l i t m u s  t u r n e d  p in k  on i n g e s t g i o n  by 

phagocy tes .  Jensen  and B ain ton  (1973) showed t h a t  th e  pH f e l l  t o  6.5
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i n  t h r e e  m i n u t e s  and  t o  pH 4.0  w i t h i n  s e v e n  t o  f i f t e e n  m i n u t e s  o f  

p a r t i c l e  i n g e s t i o n  by PMN, t h e r e b y  f a c i l i t a t i n g  t h e  s p o n ta n e o u s  

d i s m u ta t i o n  o f  su p e ro x id e  an io n  to  hydrogen p e ro x id e .

Spontaneous d i s m u ta t io n  o f  su p e ro x id e  an io n  i s  s lo w e r  a t  n e u t r a l

pH b e c a u s e  o f  e l e c t r o s t a t i c  r e p u l s i o n  b e tw e e n  t h e  tw o  s u p e r o x i d e

a n i o n s .  The r e a c t i o n  c a n ,  h o w e v e r ,  be c a t a l y s e d  by t h e  enzym e

s u p e r o x i d e  d i s m u t a s e  (McCord and  F r i d o v i c h  1969). T h i s  enzym e

( m o l e c u l a r  w e ig h t  3 3 ,0 0 0 )  e x i s t s  i n  a c y a n i d e  s e n s i t i v e  c o p p e r  and

z in c  c o n ta in in g  form in  th e  c y t o s o l  and a cyan ide  r e s i s t a n t  manganese

c o n ta in in g  form in  th e  m ito c h o n d r ia  o f  e u k a ry o t ic  c e l l s  (McCord and

F r i d o v i c h  1 9 6 9 ,  F r i d o v i c h  1 9 7 4 ) .  The r a t e  c o n s t a n t  f o r  t h e

i n t e r a c t i o n  o f  t h e  c o p p e r - z i n c  enzym e w i t h  0 2 *” i s  a p p r o x i m a t e l y  

Q 1 12x10^M sec  over  th e  pH ran g e  5 -9 ,  which i s  c lo s e  to  th e  l i m i t  s e t  

by d i f f u s i o n  (McCord and F r id o v ic h  1978).

I t  i s  n o t  known w hether  su p e ro x id e  d ism u ta se  i s  s e c r e t e d  by th e  

PMN i n t o  i t s  p h ag o so m e ,  a l t h o g h  i t  can  be i n t r o d u c e d  t h e r e  a s  a  

component o f  an in g e s te d  o rgan ism  (McCord e t  a l  1971). E x t r a c e l l u l a r  

f l u i d s  a r e  however d e f i c i e n t  in  su p e ro x id e  d is m u ta s e ,  c o n t a in in g  < 

o f  t h e  c o n c e n t r a t i o n s  fo u n d  a t  r e m a r k a b l y  c o n s t a n t  l e v e l s  i n  t h e  

c y t o s o l  o f  d i v e r s e  o xygen  u t i l i s i n g  c e l l s  (McCord e t  a l  1971, S a l i n  

and McCord 1977).

Form ation o f  hydroxy l r a d i c a l  and s i n g l e t  oxygen

The f i r s t  ev idence  t h a t  human PMN produce hydroxy l r a d i c a l  (OH*) 

d u r i n g  p h a g o c y t o s i s  came f ro m  s t u d i e s  i n  w h ic h  t h e i r  b a c t e r i c i d a l  

a c t i v i t y  was i n h i b i t e d  n o t  o n ly  by s u p e r o x i d e  d i s m u t a s e ,  b u t  by 

c a t a l a s e  (scavenger  o f  H2O2) and raan n i to l  and b en zo a te ,  s c a v e n g e rs  o f  

OH* ( J o h n s t o n  e t  a l  1975). I n  1934 H aber  and  W e iss  a s  p a r t  o f  t h e i r  

d e s c r i p t i o n  o f  th e  o x id a t io n  o f  H202 by i r o n  s a l t s  (F en to n 's  r e a g e n t )  

had proposed th e  f o l lo w in g  r e a c to n  (4) in  which hydrogen p e ro x id e  i s

5 I



reduced  by su p e ro x id e  an io n  t o  form hydroxy l r a d i c a l ,  hyd roxy l an io n  

and m o le c u la r  oxygen (Haber and W eiss 1934)

° 2 ' ~  + H202 -------- > OH* + OH" + 0 2 --------------(4)

O ther i n v e s t i g a t o r s  (McClune and Fee 1976, H a l l i w e l l  1976) concluded  

t h a t  p h y s io lo g i c a l ly  r e l e v a n t  amounts o f  OH* cou ld  n o t  be produced  by 

t h i s  m echan ism  a s  t h e  r a t e  c o n s t a n t  f o r  t h e  i n t e r a c t i o n  o f  0 2 *" and  

H20 2 (1 0 "^  -  3.4 M "^ s e c " ^ )  i s  s u b s t a n t i a l l y  b e lo w  t h a t  o f  t h e  

com peting  spon taneous  d i s m u ta t io n  o f  02~.

To c i r c u m v e n t  t h i s  d i f f i c u l t y ,  an d  p r o v i d e  a m e ch an ism  f o r  t h e  

p r o d u c t i o n  o f  OH* by PMN, M cC ord  a n d  Day ( 1 9 7 8 )  p r o p o s e d  a 

m o d i f i c a t i o n  t o  t h e  'H a b e r  W e i s s '  r e a c t i o n  i n  w h ic h  a  m e t a l  ( e .g .  

i r o n ,  c o p p e r  o r  z i n c )  s e r v e d  a s  a  r e d o x  c a t a l y s t .  The r e c t i o n s  a r e  

show n i n  (5) and  (6) w h e re  t h e  m e t a l  c h e l a t e  i s  d e n o te d  a s  'Men+ 

c h e l a t e ' .

Men+ c h e l a t e  + 02“  > Me^n" ^ +c h e l a t e  + 0 2 -------- (5)

Me(n -1 )+ C h e la te  +  > Men+c h e l a t e  + OH* + O H "  (6)

The m o s t  d e f i n i t i v e  e v i d e n c e  f o r  t h e  p r o d u c t i o n  o f  OH* by 

s t im u la t e d  human PMN was p ro v id ed  by W eiss e t  a l  (1978) who o bse rved  

t h a t  i t s  f o r m a t i o n  ( a s  d e t e c t e d  by c o m p a r i s o n  o f  t h e  n o n a ld e h y d e  2 

k e to  -  4 t h i o  -  m e th y lb u ty r ic  a c id  to  e th y le n e )  was i n h i b i t e d  by b o th  

c a t a l a s e  (74$) and su p e ro x id e  d is m u ta s e  (44$).

The fo rm a t io n  o f  s i n g l e t  oxygen by PMN has a l s o  been proposed  a s  

a c o n s e q u e n c e  o f  t h e  i n t e r a c t i o n  o f  s u p e r o x i d e  a n i o n ,  h y d r o g e n  

p e ro x id e  and hydroxyl r a d i c a l  produced d u r in g  th e  r e s p i r a t o r y  b u r s t ,  

and  a l s o  a s  a c o n s e q u e n c e  o f  t h e  m y e lo p e r o x id e  -  H20 2 -  c h l o r i d e  

r e a c t i o n  (v id e  i n f r a ) .

S i n g l e t  oxygen i s  formed by th e  a b s o r p t io n  o f  energy  by m o le c u la r  

oxygen such t h a t  th e  two o u te r  e l e c t r o n s  occupy th e  same o r  d i f f e r e n t  

o r b i t a l s .  In  th e  d e l t a  form ( ^ A g  02) th e  two o u te r  e l e c t r o n s  occupy

52



t h e  sam e o r b i t a l  and  a r e  o f  o p p o s i t e  s p i n ,  l e a v i n g  t h e  p r e v i o u s l y  

o c c u p i e d  o u t e r  o r b i t a l  e m p ty .  I n  t h e  s ig m a  fo rm  ( ^ +g O2 ) t h e  tw o  

o u t e r  e l e c t r o n s  o c c u p y  s e p a r a t e  o r b i t a l s  b u t  a r e  o f  o p p o s i t e  s p i n .

Sigma s i n g l e t  oxygen i s  more u n s t a b l e  and has  a  s h o r t e r  h a l f  l i f e  (10“

11 fisec )  th a n  d e l t a  s i n g l e t  oxygen ( 2 x 10“ ° sec )  which i s  t h e r e f o r e

t h o u g h t  t o  be t h e  m o s t  c h e m i c a l l y  r e a c t i v e  i n  b i o l o g i c a l  s y s t e m s

(F o o te  1976).

P r o d u c t i o n  o f  s i n g l e t  ox y g en  by t h e  spontaneous  d i s m u ta t i o n  o f  

02*" ( r e a c t i o n  (7 ) )  i s  c o n t r o v e r s i a l  (Kahn 1970). The H ab e r  W e is s  

r e a c t i o n  h a s  h o w e v e r  b een  'm o d i f i e d '  ( r e a c t i o n  (8 ) )  t o  a l l o w  t h e  

p r o d u c t i o n  o f  b o t h  0p*“ and  OH*. S i n g l e t  oxygen  may a l s o  be fo rm e d  

from th e  i n t e r a c t i o n  o f  02*“ w i th  e i t h e r  hydroxyl r a d i c a l s  ( r e a c t i o n  

(9)) o r  d ia c y l  p e ro x id e s  ( r e a c t i o n  (10)) (H arr iso n  and S c h u l tz  1976).

H02 + 02" ----- > (1A g02) + H202 ------- (7)
02*" + H?02 ----- > (1A g02) + 0H% P H -------- (8)

02*“ + OH’ ----- > (1A  g02) +0H” -------(9)
20p*~ + R-C00CC > 2(1A g02) + 2RC02” ------- (10)

M yeloperoxidase  c a t a ly s e d  oxygen r a d i c a l  r e a c t i o n s

The PMN a z u r o p h i l  g ra n u le  component m ye loperox idase  i s  r e l e a s e d  

i n t o  t h e  phagosom e f o l l o w i n g  p h a g o c y t o s i s  and  i s  a l s o  fo u n d  i n  t h e  

s u p e rn a ta n t  f r a c t i o n  fo l lo w in g  c e n t r i f u g a t i o n  (Baehner, Karnovsky and 

K arn o v sk y  1969) i n d i c a t i n g  e x t r a c e l l u l a r  r e l e a s e  o f  t h e  en zym e. 

M y e lo p e r o x i d a s e  h a s  b e e n  fo u n d  t o  c a t a l y s e  b o th  h a l o g e n a t i o n  and  

o x id a t io n  r e a c t i o n s  r e s u l t i n g  i n  th e  p ro d u c t io n  o f  oxygen r a d i c a l s  and 

o t h e r  r e a c t i v e  oxygen  m e t a b o l i t e s  i m p l i c a t e d  i n  b a c t e r i a l  k i l l i n g  

( K le b a n o f f  and  C la rk  1978(e)).

H a lo g e n a t i o n  r e a c t i o n s  K l e b a n o f f  (1967) was th e  f i r s t  t o  show t h a t  

in c u b a t io n  o f  an in o rg a n ic  io d id e  w i th  phag o cy to s in g  PMN r e s u l t e d  i n
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p a r t  o f  t h e  i o d i d e  b e c o m in g  p r o t e i n  bound . The p r o m i n e n t  h a l o g e n  

r e c e p t o r  g ro u p  i n  p e r o x i d a s e  m e d i a t e d  i o d i n a t i o n  i s  t h e  t y r o s i n e  

r e s i d u e  w i t h  f o r m a t i o n  o f  m ono- an d  d i -  io d o ty r o s in e  (M orr ison  and 

Schonbaum 1976). H i s t i d i n e  and t h i o l  r e s id u e s  and p o la r  and n e u t r a l  

l i p i d s  may a l s o  be i o d i n a t e d  ( F a w c e t t  1974, K l e b a n o f f  and  C l a r k  

1 9 7 8 (e ) ) .

O x i d a t i o n  r e a c t i o n s  The known p r o d u c t s  o f  PMN m y e l o p e r o x i d a s e  

c a t a ly s e d  o x id a t io n  r e a c t i o n s  c o m p r i s e  ( i )  h a l o g e n s  ( i i )  h y p o h a l o u s  

a c i d s  ( i i i )  ch lo ra m in e s  ( iv )  a ld e h y d e s  and (v) s i n g l e t  oxygen.

( i )  Halogens H alide  io n s  a r e  r e a d i l y  o x id i s e d  by m y e lo p ero x id a se  

and  H20 2 t o  fo rm  i o d i n e ,  c h l o r i n e  o r  b ro m in e  ( K l e b a n o f f  and  

C la r k  1 9 7 8 (e ) ) .  A l l  a r e  g e r m i c i d a l  (Dunn 1952) and  c h l o r i n e  

d e r i v a t i v e s  h av e  b e e n  show n t o  i n h i b i t  a v a r i e t y  o f  en zy m es  

w h ic h  dep en d  on t h i o l ' g r o u p s  f o r  t h e i r  a c t i v i t y  (G reen  an d  

Stumpf 1946, Knox e t  a l  1948).
(M P o )

( i i )  H y p o h a lo u s  a c i d s  M y e l o p e r o x i d a s e  h a s  tw o haem g r o u p s  p e r" 1 1 1 —— ■■ A

m o l e c u le .  I t s  c a t a l y s i s  o f  t h e  o x i d a t i o n  o f  c h l o r i d e  by

H20 2 t o  fo rm  f r e e  h y p o c h l o r o u s  a c i d  h a s  b een  d e p i c t e d  by

r e a c t i o n  ( I I )  (A gner 1958 , H a r r i s o n  and S c h u l t z  1976, P a u l

1963). H y p o c h lo ro u s  a c i d  can  d i s s o c i a t e  f u r t h e r  t o  t h e

h y p o c h lo r i te  an io n  (0C1“ ) (K lebano ff  and C la rk  1978(e)).

( i i i )  C hloram ines  In o rg a n ic  c h lo ra m in e s  a r e  formed by th e  r e a c t i o n

o f  hypoch lorous a c id  w i th  am onia, and o rg a n ic  c h lo ra m in e s  by

i t s  r e a c t i o n  w i th  am ine , am ide , im in e  o r  im ide  g roups t o  form

a n  N - c h lo r o  compound ( Z g l i c z y n s k i  e t  a l  1971, K l e b a n o f f  and

C la rk  1978(e)). C h lo ram ines  h y d ro ly s e  c o n t in o u s ly  w i th  r e l e a s e

o f  h y p o c h l o r o u s  a c i d  (S y k e s  1965) and  may t h e r e f o r e  a c t  a s  a

s t o r e  o f  ' a v a i l a b l e  c h l o r i n e ' ,  p r o l o n g i n g  t h e  t o x i c i t y  o f  t h e

p e r o x i d a s e  s y s t e m .  w h i l e  m o s t  c h l o r a m i n e s  a r e  u n s t a b l e ,  
- P *  _ . ,1+ . . .  - far toa ' 1

M P O -  f a  + C c  + H 2 c>z + ^
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r e a c t i o n  o f  th e  m y e lo p e ro x id a se  -  H2°2 ” c h lo r id e  system  w i th  

t h e  am in o  a c i d  t a u r i n e ,  p r e s e n t  i n  PMN i n  r e l a t i v e l y  h ig h  

c o n c e n t r a t i o n  ( I y e r  1959) h a s  b e e n  fo u n d  t o  p ro d u c e  a s t a b l e  

c h lo ra m in e  (T aurine  c h lo ra m in e )  (Z g l ic z y n sk i  e t  a l  1971).

( iv )  Aldehydes -  Z g l ic z y n sk i  e t  a l  (1971) a l s o  p rov ided  ev id en ce  f o r  

th e  spon taneous  d eco m p o s i t io n  o f  ch lo ra m in e s  to  form NH^, C02 , 

c h lo r id e  and th e  c o r re s p o n d in g  a ldehyde  ( r e a c t io n  (12))

CH -  NH -  Cl + H20 ----------> RCHO + NH  ̂ + C02 + Cl”  (12)

(v) S in g le t  oxygen Evidence f o r  t h e  f o r m a t i o n  o f  s i n g l e t  o x y g en  

from th e  m ye loperox idase  -  H202 -  h a l id e  system  ( r e a c t i o n  (13)) 

(K lebanoff  and C la r k  1 9 7 8 (e ) ) .

0C1" + H202 ---------- > Cl” + H20 + ( 1A g  02 ) ---------- (13)

h a s  c o m p r i s e d  ( a )  t h e  c o n v e r s i o n  by t h i s  s y s t e m  o f  

d i p h e n y l f u r a n  t o  c i s  -  d i b e n z o y l e t h y l e n e  (K in g ,  L a i ,  McCay 

1975), (b) i n h i b i t i n g  t h i s  r e a c t i o n  by s i n g l e t  oxygen q u enche rs  

and  (c )  i t s  s t i m u l a t i o n  by D2P an  a g e n t  w h ic h  p r o l o n g s  t h e  

l i f e t i m e  o f  s i n g l e t  o xygen  i n  s o l u t i o n  (R osen  and  K l e b a n o f f

1977). In  a d d i t i o n  s i n g l e t  oxygen scav en g e rs  have been found 

to  have an i n h i b i t i n g  e f f e c t  on th e  b a c t e r i c i d a l  e f f e c t  o f  th e  

m ye loperox idase  system  (K lebano ff  1975).

Summary

S t im u la t io n  o f  human PMN w i th  p a r t i c u l a t e  o r  s o lu b le  a g e n t s  i s  

a s s o c i a t e d  w i th  a  marked in c r e a s e  i n  02 consum ption , a c t i v a t i o n  o f  th e  

h e x o s e  m o n o p h o sp h a te  s h u n t ,  and  p r o d u c t i o n  o f  0 2 ’" .  The l a t t e r  

d i s m u ta te s  to  H202 w i th  which i t  may i n t e r a c t  to  form OH* and A g 02. 

H20 2 p a r t i c i p a t e s  i n  t h e  m y e l o p e r o x i d a s e  c a t a l y s e d  o x i d a t i o n  o f  

c h l o r i d e  i o n s  w i t h  t h e  f u r t h e r  f o r m a t i o n  o f  h a l o g e n s ,  h y p o h a l o u s
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a c i d s ,  c h lo ra m in e s  and a ld eh y d es  a l l  o f  which a r e  cap a b le  o f  damaging 

f o r e i g n  and  h o s t  t i s s u e s .  The p r o d u c t i o n  o f  t h e s e  a c t i v e  m o i e t i e s  

consequen t upon th e  PMN r e s p i r a t o r y  b u r s t  a r e  sum m arised in  F ig  5.

1 .2 .3  Oxygen r a d i c a l s  -  P o t e n t i a l  f o r  D ise a se  P a th o g e n e s is

I n  t h i s  s e c t i o n  t h e  p o t e n t i a l  f o r  o x y g en  r a d i c a l s  and  o t h e r  

r e a c t i v e  oxygen m e ta b o l i t e s  t o  dam age h o s t  t i s s u e s  i s  i n v e s t i g a t e d .  

F i r s t l y ,  ev idence  t h a t  th e y  may r e a c t  a d v e r s e ly  w i th  c e l l  membranes 

and  c o n s t i t u e n t s  o f  t h e  i n t r a  o r  e x t r a  c e l l u l a r  m i l i e u  w i l l  be 

rev iew ed . Secondly , any i n  v ivo  mechanisms which may p re v e n t  th e s e  

r e a c t i o n s  w i l l  be e x a m in e d .  T h i r d l y  d i s e a s e s  i n  w h ic h  i t  h a s  b een  

proposed  t h a t  oxygen r a d i c a l s  may p la y  a key r o l e  w i l l  be examined.

1) Adverse oxygen r a d i c a l  r e a c t i o n s

The m a jo r i t y  o f  documented a d v e rse  oxygen r a d i c a l  r e a c t i o n s  can 

o c c u r  i n t r a c e l l u l a r l y  ( F i g .  6 ) .  M o s t  o f  t h e  i n f o r m a t i o n  on  

n u c l e i c  a c i d  d e g r a d a t i o n  h a s  b e e n  d e r i v e d  f ro m  o b s e r v a t i o n  o f  t h e  

e f f e c t s  o f  i o n i s i n g  r a d i a t i o n  w hich d i s r u p t s  w a te r  m o lecu le s  t o  form 

th e  hydroxyl r a d i c a l  (P ryor 1976). S uperox ide  d is m u ta s e  and c a t a l a s e  

th u s  p r o t e c t  a g a i n s t  DNA damage (Van Hemman and M euling 1975). Both 

th e  hydroxyl r a d i c a l  (OH*) and s i n g l e t  oxygen ( 1A g  02) a r e  c a p a b le  o f  

r e a c t i n g  w i t h  n u c l e i c  a c i d s  (Lynch an d  F r i d o v i c h  1978, C a d e t  an d  

T e o u l e  1 9 7 8 ) .  I t  h a s  b e e n  s u g g e s t e d  t h a t  OH*, p r o d u c e d  

p h y s i o l o g i c a l l y  f rom  i n t r a c e l l u l a r  r e a c t i o n  o f  0 2 *" and  H20 2 may be 

th e  r o o t  cause o f  c e l l u l a r  m u tag en es is  and may have been p a r t  o f  th e  

s e l e c t i o n  p r e s s u r e  f o r  t h e  e v o l u t i o n  o f  a  v a r i e t y  o f  DNA r e p a i r  

mechanisms.

Both i n t r a c e l l u l a r  and p la sm a lem n a l c e l l  membranes c o n t a in  l a r g e  

amounts o f  p o ly u n s a tu ra te d  f a t t y  a c id s  (Rouser e t  a l  1968) w hich can 

u n d e rg o  p e r o x l d a t i v e  I n j u r y  i n v o l v i n g  0 2<- j 0H. and  1A g  ^  (F ong  e t
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a l  1973, K ellogg and F r id o v ic h  1975, Lynch and F r id o v ic h  1978) in  bo th  

non enzym atic  and en zym atic  mechanisms (Mead 1976).

The h y d r o x y l  r a d i c a l  c an  i n i t i a t e  a  l i p i d  p e r o x i d a t i o n  c h a i n  

r e a c t i o n  by i t s  a b i l i t y  t o  a b s t r a c t  a  h y d ro g e n  a tom  ( P r y o r  and  Tang 

1978, Cram and  Hammond 1959) f ro m  t h e  a l l y l i c  p o s i t i o n  o f  an  

u n s a t u r a t e d  l i p i d  (R^H) t h u s  f o r m i n g  an  o r g a n i c  f r e e  r a d i c a l  (R^*) 

(F ig . 7). Subsequent d ien e  c o n ju g a t io n  and in c o r p o r a t io n  o f  m o le c u la r  

o x y g en  l e a d s  t o  t h e  f o r m a t i o n  o f  t h e  c o r r e s p o n d i n g  l i p i d  p e r o x i d e  

r a d i c a l  (R^OOO) w h ic h  p r o p a g a t e s  t h e  r e a c t i o n  by a b s t r a c t i n g  a 

hydrogen atom from a  second u n s a tu r a t e d  l i p i d  (R2H), fo rm ing  th e  more 

s t a b l e  l i p i d  h y d roperox ide  (R^OOH) in  th e  f i r s t  ch a in  and an o rg a n ic  

f r e e  r a d i c a l  (R2*) i n  t h e  s e c o n d  c h a i n  ( F ig .  7 ). L i p i d  h y d r o p e r o x i d e  

may be broken down to  y i e ld  s t a b l e  end p ro d u c ts  which in c lu d e  e th a n e ,  

p e n t a n e ,  p r o p a n e  and  m a l o n d i a l d e h y d e  (C hance  e t  a l  1979). S i n g l e t
1

oxygen ( A  g 0? ) can r e a c t  d i r e c t l y  w i th  p o ly u n s a tu ra te d  f a t t y  a c id s  

t o  form h y d roperox ides  (Cram and Hammond 1959) and su p e ro x id e  an io n  

(O2 ' ” ) can  p r o p a g a t e  l i p i d  p e r o x i d a t i o n  by r e a c t i n g  w i t h  l i p i d  

h y d r o p e r o x i d e s  (ROOH) t o  fo rm  an a l k o x y  r a d i c a l  (RO*) w h ic h  can  

f u n c t i o n  a n a l a g o u s l y  t o  OH* by a b s t r a c t i n g  a h y d ro g e n  a tom  from  an 

u n s a t u r a t e d  f a t t y  a c i d  l e a d i n g  t o  t h e  g e n e r a t i o n  o f  f u r t h e r  l i p i d  

h y d roperox ide  (P ryor and Tang 1978, Cram and Hammond 1959).

The consequences o f  c e l l  membrane l i p i d  p e r o x id a t io n  in c lu d e  ( i )  

membrane p e r t u r b a t i o n  w ith  d i s r u p t i o n  o f  c e l l u l a r  i n t e g r i t y  (T a p p e l  

1973, Chance e t  a l  1979); ( i i )  i n h i b i t i o n  o f  enzym e a c t i v i t y  by 

h y d r o p e r o x i d e s  (M cK night and  H u n te r ,  1966, C hance e t  a l  1979) ,  ( i i i )  

r e a c t i o n  o f  l i p i d  h y d r o p e r o x i d e  b r e a k d o w n  p r o d u c t s  s u c h  a s  

m a lond ia ldehyde  which may be o x id is e d  o r  form a  S c h i f f  base  w i th  eg 

am in o  g ro u p  o f  l y s i n e  (C h an ce ,  S i e s  and  B o v e r i s  1979, T a p p e l  1973); 

( iv )  a c t i v a t i o n  o f  membrane enzyme p h o s p h o l i p a s e  A2 w i t h  s u b s e q u e n t
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p r o d u c t i o n  o f  a r a c h i d o n i e  a c i d  and  p r o s t a g l a n d i n  s y n t h e s i s  (D el 

M aestro  e t  a l  1980).

S t r u c t u r a l  m o d i f i c a i t o n  o f  enzym es and p r o t e i n s  may occu r  b o th  

i n t r a - a n d  e x t r a c e l l u l a r l y  by r e a c t i o n  o f  oxygen r a d i c a l s  and p ro d u c ts  

o f  th e  PMN m y e loperox idase  -  c h l o r i d e  system  w i th  ( i )  s u lp h y d ry l

g ro u p s  ( J o c e l y n  1970, G reen  and  S tu m p f  19*16) t o  fo rm  d i s u l p h i d e s  

s u lp h e n ic  o r  s u lp h o n ic  a c id s  (K lebano ff  and C la rk  1978(e)) ( i i )  amino 

groups to  form c h lo ra m in e s ,  n i t r i t e s ,  a l d e h y d e s  o r  d i c h l o r o p e p t i d e s  

( P e r e i r a  e t  a l  1973) an d  ( i i i )  am in o  a c i d  r e s i d u e s  t r y p t o p h a n e  and  

h i s t i d i n e  (M ichelson  1973? Hodgson and F r id o v ic h  1974), and t y r o s i n e  

r e s i d u e s  w h ic h  may be h a l o g e n a t e d  ( Z g l i c z y n s k i  and S t e l m a s z y n s k a  

1975).

Oxygen r a d i c a l s  may a l s o  r e a c t  w i t h  s u b s t a n c e s  ( e .g .  l i p i d s )  

t r a n s p o r t e d  by l a r g e  p r o t e i n s .  P e t r o n e  e t  a l  (1980) h a v e  r e p o r t e d  

su p e ro x id e  an io n  dependent a c t i v a t i o n  o f  a PMN c h e m o ta c t ic  f a c t o r  in  

p lasm a which th ey  have l o c a l i s e d  to  a ch lo ro fo rm  e x t r a c t a b l e  component 

bound to  a lbum in.

The e x t r a c e l l u l a r  m a c r o m o le c u le s  h y a lu ro n ic  a c id  and c a r t i l a g e  

p r o t e o g l y c a n s  h av e  b een  shown t o  be d e g r a d a b l e  by o x y g en  r a d i c a l s  

g e n e r a t e d  a c e l l u l a r l y  i n  v i t r o  (McCord 1974, G re e n w a ld ,  Moy and  

Lazarus  1976). S uperox ide an ion  can a l s o  im p a i r  c o l la g e n  g e l a t i o n  in  

v i t r o  (Greenwald and Moy, 1979, V enkatasubram anian  and Joseph  1977).

2) In  v ivo  p r o t e c t i v e  mechanisms

T h e s e  may be d i v i d e d  i n t o  ' s t r u c t u r a l '  a n d  ' s c a v e n g i n g '  

mechanisms. The fo rm er a r e  i n t i m a t e l y  a s s o c i a t e d  w i th  th e  s t r u c t u r a l  

i n t e g r i t y  o f  l i v i n g  c e l l s ,  d i s r u p t i o n  o f  w h ic h  l e a d s  r a p i d l y  t o  

r a n c i d i f i c a t i o n  v i a  l i p i d  p e r o x i d a t i o n  o f  t h e  m em brane l i p i d s  

(Dormandy 1978). The i n t r a c e l l u l a r  membranes l o c a l i s e  c e r t a i n  oxygen 

r a d i c a l  r e a c t i o n s  t o  m ito c h o n d r ia  o r  perox isom es  ( th e  l a t t e r  a r e  n o t
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found in  th e  PMN) w here scav en g in g  mechanisms and m e ta l  c h e l a t e s  occur 

in  h igh  c o n c e n t r a t io n s .

Oxygen r a d i c a l  s c a v e n g i n g  m e c h a n is m s  can  be d i v i d e d  i n t o  

'e n d o g e n o u s '  o r  p h y s i o l o g i c a l  s c a v e n g e r s  ( F ig  8) an d  'e x o g e n o u s '  

scavengers  in g e s te d  in  food o r  d rugs  ( S l a t e r  1972(a), Dormandy 1978). 

The e n d o g en o u s  s c a v e n g e r s  a r e  h y d r o p h o b o ic  (and t h u s  c e l l  m em brane  

b o u n d )  o r  h y d r o p h i l i c  ( F i g  8 ) .  The c e l l  m em brane s c a v e n g e r s  

p a r t i c u l a r l y  scavenge th e  p ro d u c ts  o f  l i p i d  p e r o x id a t io n .  V ita m in  E 

i s  th e  name g iven  to  a  number o f  c h em ica l  compounds, th e  m ost a c t i v e  

b e in g  0 c - t o c o p h e r o l ,  w h ic h  r e a d i l y  i n h i b i t  l i p i d  p e r o x i d a t i o n  i n  

m ic r o s o m a l  s u s p e n s i o n s  i n  v i t r o  by o x i d a t i o n  t o  t o c o p h e r o l q u i n o n e .  

(H ochste in  and E r n s te r  1963). In  v iv o ,  d i e t r y  d e f ic ie n c y  o f  v i t a m in  E 

i s  a s s o c io - te d  w i t h  i n c r e a s e d  l i p i d  p e r o x i d a t i o n  (Mead 1 976) .  The 

c a ro te n e s  a r e  p r e c u r s o r s  o f  th e  v i t a m in  A. The double bond sy s tem s  o f  

a l l  c a ro te n o id s  a r e  r e a d i l y  o x id i s e d ,  p r o t e c t i o n  be ing  o f f e r e d  i n  v ivo  

by v i t a m i n  E. Hove (1953 )  show ed  t h a t  ($ c a r o t e n e  was d e s t r o y e d  on 

in c u b a t io n  w i th  l i n o l e a t e  h y d ro p ero x id e .  Forbes and T a l i a f e r r o  (19*15) 

show ed t h a t  a d i e t  r i c h  i n  c a r o t e n e s  p r e v e n t e d  r a t s  f ro m  c a r b o n  

t e t r a c h l o r i d e  h e p a t o t o x i c i t y  w h ic h  i s  a t t r i b u t e d  t o  a  f r e e  r a d i c a l  

mechanism. I t  has a l s o  been proposed  t h a t  o( to c o p h e ro l  and p c a r o t e n e  

may quench  A g  0 2 ( H a l l i w e l l  1978).  U b iq u in o n e  f o r m s  p a r t  o f  t h e  

m i t ro c h o n d r ia l  r e s p i r a t o r y  ch a in  and has been shown e x p e r im e n ta l ly  to  

i n h i b i t  l i p i d  p e r o x id a t io n  ( S l a t e r  1972(b)) and to  compare fa v o u ra b ly  

in  e f f i c a c y  w ith  0( to c o p h e ro l  (M e l lo rs  and Tappel 1966).

The h y d r o p h i l i c  s c a v e n g e r s  o c c u r  p red o m in an t ly  i n t r a c e l l u l a r l y  

( F ig  8). T h is  p a r t i c u l a r l y  a p p l i e s  t o  t h e  s p e c i a l i s e d  s c a v e n g e r s  

s u p e r o x i d e  d i s m u t a s e  and  c a t a l a s e  (T a b le  5) and  t h e  g l u t a t h i o n e  

p e r o x i d a s e / g l u t a t h i o n e  r e d u c t a s e  s y s t e m s .  C a t a l y s i s  o f  t h e  

d i s m u t a t i o n  o f  s u p e r o x i d e  by s u p e r o x i d e  d i s m u t a s e  was r e v i e w e d  i n

5 9
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1.2.3. C a ta la s e  (m o le c u la r  w e ig h t  240,000) i s  found in  a l l  <wa«ne.lian 

c e l l s  and can  e x e r t  b o t h  c a t a l a t i c  and  p e r o x i d a t i c  f u n c t i o n s  by t h e  

f o r m a t i o n  o f  an  i n t e r m e d i a t e  com pound I  (Chance e t  a l  1979). 

R e a c t i o n s  (14) and  (15) d e s c r i b e  t h e  c a t a l a t i c  a c t i o n  o f  c a t a l a s e  

w h i le  r e a c to n s  (14) and (16) d e s c r ib e  i t s  p e r o x id a t i c  a c t i o n .

C a ta la s e  Fe^+ + H20 2 ---------- > Compound I  — (14)

Compound I  + H202 ----------> C a ta la s e  Fe^+ + 2H2°2 + ---------------

Compound I  + AH2 ---------- > C a ta la s e  Fe^+ + 2H202 +  A ---------------

The s e l e n o p r o t e i n  g l u t a t h i o n e  p e r o x i d a s e  ( m o l e c u l a r  w e i g h t  46000) 

c a t a l y s e s  th e  r e a c t i o n  o f  H202 (and o th e r  h y d ro p e ro x id e s ,  R00H) w i th  

reduced  g lu t a th i o n e  t o  form g l u t a th i o n e  d i s u lp h id e  and th e  r e d u c t io n  

p ro d u c t  o f  th e  h y d roperox ide  ( r e a c t i o n  (17)) (M il l s  1957, F lohe e t  a l

1977).

2GSH + H202 ---------- > 2H202 + GSSG----------------- (17)

I n  t h e  s t e a d y  s t a t e  r e g e n e r a t i o n  o f  GSH by r e d u c t i o n  o f  GSSG i s  

p ro v id ed  by th e  NADPH dependent GSSG re d u c ta s e

E x t r a c e l l u l a r l y ,  c a e r u l o p l a s m i n  and t r a n s f e r r i n  t h e  p la s m a  

t r a n s p o r t e r s  o f  copper and i r o n  r e s p e c t i v e l y ,  have been shown a l s o  t o  

e x e r t  an  i n h i b i t o r y  e f f e c t  on oxygen  r a d i c a l  g e n e r a t i o n  w h ic h  i s  

a t t r i b u t a b l e  t o  t h e i r  b l o c k i n g  t h e  c a t a l y t i c  a c t i o n  o f  m e t a l s  i n  

oxygen  r a d i c a l  g e n e r a t i o n  (Dormandy 1978). C a e r u l o p l a s m i n ,  an  

0 i 2g ly c o p ro te in  o f  m o le c u la r  w e ig h t  150,000 p r e s e n t  i n  human p lasm a 

a t  a c o n c e n t r a t io n  o f  300pg/m l, n o t  o n ly  t r a n s p o r t s  m ost p lasm a copper 

( G o l d s t e i n  e t  a l  1978) ,  b u t  a l s o  c o n v e r t s  f e r r o u s  t o  f e r r i c  i o n s  

(O sa k i  e t  a l  1966). C a e r u l o p l a s m i n  h a s  b een  shown t o  i n h i b i t  l i p i d  

a u t o x i d a t i o n  (Al T i m i n i  and  D orm andy 1977) an d  s c a v e n g e  s u p e r o x i d e  

a n i o n  p ro d u c e d  by t h e  x a n t h i n e  o x i d a s e  c a t a l y s e d  o x i d a t i o n  o f  

h y p o x a n t h in e  ( G o l d s t e i n  e t  a l  1978). T r a n s f e r r i n  (m o le c u la r  w e ig h t  

85,000) i s  f u l l y  i r o n  s a t u r a t e d  o n ly  in  d i s e a s e ,  and has  been found to
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e x e r t  an i n h i b i t i n g  e f f e c t  on t h e  a u t o x i d a t i o n  o f  l i p i d s  w h ic h  i s  

p r o p o r t i o n a l  to  i t s  a c t i v i t y  i n  th e  i r o n  f r e e  f r a c t i o n  a lo n e  (Dormandy

1978). I t  h a s  b e e n  p r o p o s e d  t h a t  t r a n s f e r r i n  t h e r e b y  b e h a v e s  a s  a 

n a t u r a l  i r o n  c h e l a to r ,

A n u m b e r  o f  o t h e r  m o l e c u l e s  o c c u r r i n g  b o t h  

i n t r a c e l l u l a r l y  and e x t r a c e l l u l a r l y  h av e  b een  shown t o  h av e  o x y g en  

r a d i c a l  s c a v e n g i n g  a b i l i t i e s  ( F ig .  8 ) .  A s c o r b ic  a c i d  (A) i s  a  m i ld  

red u c in g  agen t and r e a d i l y  undergoes  o x id a t io n  to  d eh y d ro a sc o rb ic  a c id  

(DHA) i n  a tw o  s t a g e  r e a c t i o n  w i t h  t h e  i n t e r m e d i a t e  f o r m a t i o n  o f  

m o n o d e h y d ro a s c o rb ic  a c i d  r a d i c a l  (MDHA) ( r e a c t i o n  (1 8 ) )  ( S l a t e r  

1 9 7 2 (a ) ) ,  w h ic h  i s  a b l e  t o  a c t  a s  a  s c a v e n g e r  by r e a c t i o n  w i t h  a
p

s e c o n d  r a d i c a l  (R H*) t o  fo rm  d e h y d r o a s c o r b i c  a c i d  and  a s t a b l e  

compound (RH2 ) ( r e a c t io n  (19))

R1H * ---------- > R1H2 + MDHA*----------------- (18)

R2H* + MDHA*---------- > R2H2 + DHA----------------- (19)

A s c o r b ic  a c i d ,  h o w e v e r ,  r e a d i l y  o x i d i s e s  i n  a i r .  T h i s  r e a c t i o n  i s  

i n c r e a s e d  by t h e  p r e s e n c e  o f  m e t a l  c a t i o n s  w i t h  t h e  r e s u l t a n t  

f o r m a t i o n  o f  0 2 H* r a d i c a l s  ( S l a t e r  1972).  A s c o r b i c  a c i d  i n  t h e  

p r e s e n c e  o f  m e t a l  i o n s  c a n  t h e r e b y  s t i m u l a t e  l i p i d  p e r o x i d a t i o n .

P u r i n e  b a s e s  h av e  b een  show n t o  e x e r t  a p ro n o u n c e d  a n t i o x i d a n t  

e f f e c t  on th e  a u to x id a t io n  o f  l i n o l e i c  a c id  (M a ts u sh i ta  1963), and i t  

h a s  b e e n  s u g g e s t e d  t h a t  p u r i n e  b a s e s  i n  DNA c a n  i n h i b i t  t h e  

p e r o x i d a t i v e  d e s t r u c t i o n  o f  t h e i r  n e i g h b o u r i n g  p y r i m i d i n e  b a s e s  

( S l a t e r  1972). Of t h e  c a t e c h o l a m i n e s , b o t h  n o r e p i n e p h r i n e  and  

e p i n e p h r i n e  have  b een  show n t o  s c a v e n g e  s u p e r o x i d e  a n i o n  w h ic h  

c a t a l y s e s  t h e  a u t o x i d a t i o n  o f  t h e  n e u r o t o x i n  6 -h y d ro x y d o p a m in e  i n  

s y m p a th e t ic  n e rve  t e r m in a l s  (Cohen and H eikk la  1977). E p in e p h r in e  i s  

o x id i s e d  by su p e ro x id e  an io n  to  form th e  co lo u red  adrenochrom e. T h is  

r e a c t i o n  i s  i n h i b i t a b l e  by s u p e ro x id e  d ism u ta se  (McCord and F r id o v ic h

6 2



1969).

3) Involvem ent o f  oxygen r a d i c a l s  i n  d i s e a s e  p a th o g e n e s is

Oxygen r a d i c a l s  t h u s  h a v e  t h e  p o t e n t i a l  n o t  o n ly  t o  d e s t r o y

c e l l u l a r  a r c h i t e c t u r e  (by m em brane  l i p i d  p e r o x i d a t i o n )  b u t  a l s o  t o

damage o r  i n a c t i v a t e  m o lecu le s  i n  th e  i n t r a -  o r  e x t r a - c e l l u l a r  m i l i e u .

T h i s  p o t e n t i a l  i s  t u r n e d  t o  a d v a n t a g e  by t h e  body i n  t h e  o x i d a t i v e

k i l l i n g  o f  b a c t e r i a  in g e s te d  by phagocy tes .  Oyxgen r a d i c a l s  may a l s o

be e s s e n t i a l  p a r t i c i p a n t s  i n  c e r t a i n  b e n e f i c i a l  c h e m i c a l  r e a c t i o n s

(Tan iguch i e t  a l  1977). I t  has been proposed  t h a t  oxygen r a d i c a l s  a r e

in v o lv e d  in  d i s e a s e  p a th o g e n e s is  by v i r t u e  o f  t h e i r  p re se n c e  i n  v ivo

i n  i n c r e a s e d  o r  d e c r e a s e d  c o n c e n t r a t i o n s ,  i n t r a c e l l u l a r l y  o r

e x t r a c e l l u l a r l y  (T a b le  6) (D el M a e s t r o  1980). At p r e s e n t ,  h o w e v e r ,

d i r e c t  ev idence  f o r  th e  invo lvem en t o f  oxygen r a d i c a l s  in  any d i s e a s e

p ro c e s s  i s  c o n sp icu o u s ly  a b s e n t .

In c re a s e d  i n t r a c e l l u l a r  oxygen r a d i c a l s

In  t h i s  group o f  d i s e a s e s  t h e r e  may be e i t h e r  a d e f i c i e n c y  o f  th e

i n t r a c e l l u l a r  p r o t e c t i v e  m e c h a n is m s  (e .g .  V i t a m in  E o r  p  c a r o t e n e

d e f i c i e n c y )  o r  t h e  m e c h a n is m s  may s i m p l y  be o v e rw h e lm e d  by an

i n c r e a s e d  f l u x  o f  r a d i c a l  s p e c i e s .  E x am p les  o f  h y p e r o x y g e n a t i o n

in c lu d e s  th e  t o x i c  e f f e c t s  o f  h y p e rb a r ic  oxygen (Gerschman e t  a l  1954).

and  r e t r o l e n t a l  f i b r o p l a s i a  o f  n e o n a t e s  (D el M a e s t r o  1980).  Hypo-

oxyg en a t io n  o f  t i s s u e s  o ccu rs  in  m y o c a rd ia l  o r  c e r e b r a l  i s c h a e m ia  and
in

may p e r m i t  an  i n c r e a s e ^ m i t o c h o n d r i a l  r e d u c t i o n  o f  ox y g en  by t h e  

u n iv a le n t  ( r a t h e r  th an  t e t r a v a l e n t ) ,  pathway which may be e x a c e rb a te d  

by r e p e r f u s i o n  and  e x p o s u r e  t o  r e l a t i v e l y  l a r g e  c o n c e n t r a t i o n s  o f  

ox y g en  (D el M a e s t r o  1980). P a r a q u a t  ( m e t h y l  v i o l o g e n )  a n d  c e r t a i n  

d r u g s  ( e .g .  s t r e p t o n i g r i n  and a d r i a m y c i n )  a r e  among t h e  c h e m i c a l s  

w h ic h  a r e  known t o  i n c r e a s e  i n t r a c e l l u l a r  s u p e r o x i d e  a n i o n  f l u x  

( F r i d o v i c h  1978). C arbon  t e t r a c h l o r i d e  c a u s e s  l i p i d  p e r o x i d a t i o n
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( S l a t e r  1972 ( c ) ) .  A ging  an d  t h e  l a y i n g  down i n t r a c e l l u l a r l y  o f  t h e  

non d eg rad a b le  age p igm en ts  such  a s  l i p o f u s c h in  a re  c o n s id e re d  to  be 

t h e  u n i v e r s a l  c o n s e q u e n c e  o f  o u r  c h r o n i c  e x p o s u r e  t o  t h e  r e d u c t i o n  

p ro d u c ts  o f  m o le c u la r  oxygen (Mead 1976).

In c re a s e d  e x t r a c e l l u l a r  oxygen r a d i c a l s

These d i s e a s e s  a r e  c h a r a c t e r i s e d  by in f la m m a tio n  which in c lu d e s  

t h e  c h e m o a t t r a c t i o n  o f  p h a g o c y t e s  ( p r e d o m i n a n t l y  PMN) t o  a  s i t e  o f  

i n s u l t  w h ic h  may be a c u t e  i n  t h e  c a s e  o f  i n f e c t i o n s  o r  b u r n s  and  

c h r o n i c  i n  ' i n f l a m m a t o r y '  d i s e a s e s  s u c h  a s  r h e u m a to id  a r t h r i t i s  o r  

u l c e r a t i v e  c o l i t i s .  W hile th e  p ro d u c t io n  o f  oxygen r a d i c a l s  by PMN i s  

l a r g e l y  b e n e f i c i a l  i n  a c u te  in f la m m a t io n ,  i t  has been proposed t h a t  

t h e i r  r e l e a s e  to  th e  e x t r a c e l l u l a r  m i l i e u ,  where t h e r e  i s  a r e l a t i v e  

p a u c i ty  o f  scaveng ing  m echanism s, may e x a c e rb a te  o r  p e r p e tu a te  c h ro n ic  

i n f l a m m a t o r y  c o n d i t i o n s .  An e x a m i n a t i o n  o f  t h e  r o l e  o f  oxygen  

r a d i c a l s  i n  t h e  p a t h o g e n e s i s  o f  r h e u m a t o i d  a r t h r i t i s  f o r m s  t h e  

rem a in d e r  o f  t h i s  t h e s i s .

In c re a s e d  i n t r a c e l l u l a r  and e x t r a c e l l u l a r  oxygen r a d i c a l s

U l t r a v i o l e t  o r  i s o t o p i c  i r r a d i a t i o n  r e s u l t s  in  th e  g e n e r a t io n  o f  

oxygen  r a d i c a l s  i n  t h e  a q u e o u s  c o m p a r tm e n t s  b o th  i n t r a -  and  e x t r a -  

c e l l u l a r l y .  Both n u c l e i c  a c id  d e g ra d a t io n  and l i p i d  p e ro x id a t io n  have 

been shown to  r e s u l t  from th e  hydroxyl r a d i c a l s  ( and p o s s i b ly  s i n g l e t  

o xyg en )  so  fo rm e d .  C h e m ic a l  c a r c i n o g e n s  i n c l u d e  o xygen  r a d i c a l s  

c o n ta in e d  w i th in  c i g a r e t t e  smoke (Lyons and Spence 1960).

D ecreased oxygen r a d i c a l s

The gene f o r  c o p p e r -z in c  su p e ro x id e  d ism u ta s e  i s  lo c a te d  on human 

chromosome 21 and in d i v id u a l s  s u f f e r i n g  from Down's syndrome ( t r i s o m y  

21) h av e  b een  fo u n d  t o  h ave  50^ m ore  i n t r a c e l l u l a r  s u p e r o x i d e  

d ism u ta se  (M ichelson  e t  a l  1977). M ichelson  e t  a l  (1977) found t h a t  

p a t i e n t s  w i t h  v a r i o u s  p s y c h o s e s  a l s o  h av e  i n c r e a s e d  s u p e r o x i d e
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d i s m u t a s e  l e v e l s  and  p r o p o s e d  t h a t  t h e i r  i l l n e s s  w as r e l a t e d  t o  a 

c o n s e q u e n t  d e c r e a s e s  i n  t h e  a v a i l a b i l i t y  o f  s u p e r o x i d e  a n i o n  t o  

p a r t i c i p a t e  i n  e s s e n t f a . !  c h e m i c a l  r e a c t i o n s  ( T a n i g u c h i ,  H i r a t a  and  

H ay a ish i  1977).

D ecreased  e x t r a c e l l u l a r  g e n e r a t io n

S t u d i e s  o v e r  t h e  l a s t  f i f t e e n  y e a r s  h ave  d i s c l o s e d  a  num ber  o f  

i n h e r i t e d  c o n d i t io n s  i n  w hich t h e r e  i s  d e f i c i e n c y  in  one o r  o th e r  o f  

th e  enzymes in v o lv ed  i n  th e  o x id a t iv e  k i l l i n g  mechanisms o f  phagocy tes  

(B abior 1978). Chronic g ra n u lo m a to u s  d i s e a s e  which may have x l in k e d  

o r  au tosom al r e c e s s iv e  i n h e r i t a n c e  i s  c h a r a c t e r i s e d  by an absence  o f  

a l l  f e a t u r e s  o f  t h e  r e s p i r a t o r y  b u r s t  and  i s  a t t r i b u t e d  t o  a 

d e f ic ie n c y  e i t h e r  o f  th e  p r im a ry  oxygen consuming r e a c t i o n  ( c a t a ly s e d  

by NADPH o x i d a s e )  o r  o f  t h e  e n z y m e 's  a c t i v a t i o n  ( b - c y t o c h r o m e , and  

o t h e r s )  (B a b io r  1978, S e g a l  and  A l l i s o n  1979).  The c o n d i t i o n  i s  

m a n if e s t  in  e a r l y  ch ildhood  by an in c re a s e d  s u s c e p t a b i l i t y  to  pyogenic  

i n f e c t i o n s ,  p a r t i c u l a r l y  w i t h  s t a p h y l o c o c c i  and e n t e r o b a c t e r i a c e a e .  

P a t i e n t s  w i t h  m y e l o p e r o x i d a s e  d e f i c i e n c y  h av e  low  o r  a b s e n t  PMN 

m y e l o p e r o x i d a s e .  Upon s t i m u l a t i o n  t h e  PMN d e m o n s t r a t e  a  n o r m a l  o r  

p r o lo n g e d  r e s p i r a t o r y  b u r s t .  S u b s e q u e n t  k i l l i n g  o f  b a c t e r i a  i s  

c o m p l e t e  a l t h o u g h  m a rk e d ly  d e l a y e d  i n  v i t r o .  P a t i e n t s  w i t h  t h i s  

d e f i c i e n c y  a r e  r a r e l y  t r o u b l e d  by i n f e c t i o n .  O th e r  PMN o x i d a t i v e  

k i l l i n g  enzyme d e f i c i e n c i e s  in c lu d e  g lu c o se -6 -p h o s p h a te  dehydrogenese  

d e f i c i e n c y ,  g lu t a th i o n e  r e d u c ta s e  d e f i c i e n c y  and g lu t a th i o n e  p e ro x id a s e  

d e f i c i e n c y  (Babior 1978).

1.3  Oxygen R a d ic a ls  i n  Rheumatoid A r t h r i t i s

1 .3 .1  The PMN a t  s i t e s  o f  rheum ato id  d i s e a s e  a c t i v i t y

Rheumatoid a r t h r i t i s  i s  a c h ro n ic  in f la m m a to ry  d i s e a s e  o f  unknown 

a e t i o l o g y  w h ic h  a f f e c t s  up t o  3.^/G o f  t h e  a d u l t  human p o p u l a t i o n
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w o r ld w id e  ( B e a s l e y ,  W i lk e n s  a n d  B e n n e t t  1973),  f e m a l e s  t h r e e  t i m e s  

more commonly th a n  m ales  (Wood 1970). The a r t i c u l a r  f e a t u r e s  o f  th e  

d i s e a s e  p r e d o m i n a t e  o v e r  t h e  e x t r a a r t i c u l a r  w i t h  a t t e n d a n t  p a i n ,  

s t i f f n e s s ,  d e fo rm i ty  and compromised f u n c t io n  o f  th e  a f f e c t e d  j o i n t s .  

D i a g n o s i s  i s  b a s e d  on an  a g g r e g a t e  o f  c l i n i c a l ,  p a t h o l o g i c a l  and  

r a d i o l o g i c a l  f e a t u r e s  (R opes e t  a l  1959) ,  t h e  c o m p o s i t i o n  o f  w h ic h  

v a r i e s  f rom  p a t i e n t  t o  p a t i e n t  and  none  o f  w h ic h  s i n g l y  i s  s p e c i f i c  

f o r  rh eum ato id  a r t h r i t i s .

A c o m p re h e n s iv e  a c c o u n t  o f  t h e  v a r i a b l e  c l i n i c a l  p r e s e n t a t i o n ,  

e v o lu t io n  and c u r r e n t  th e ra p y  o f  r h e u m a t o i d  a r t h r i t i s  d o es  n o t  f a l l  

w i th i n  th e  r e m i t  o f  t h i s  t h e s i s  b u t  may be found i n  th e  many s ta n d a r d  

t e x t s  ( K e l l e y  e t  a l  1981).  The i n t r a - a r t i c u l a r  a b n o r m a l i t i e s  w h ic h  

c u lm in a te  i n  th e  e ro s io n  and d e s t r u c t i o n  o f  c a r t i l a g e  a r e  sum m arised  

in  Table  7. F u l l  d i s c u s s io n  o f  th e  numerous im munologic a b n o r m a l i t i e s  

w h ic h  h ave  b een  r e c o g n i s e d  i n  a s s o c i a t i o n ,  and  t h e  e v i d e n c e  f o r  

invo lvem ent o f  i n f e c t i o n  o r  h e r e d i t y  i n  i t s  a e t io lo g y  a r e  a v a i l a b l e  in  

s e v e r a l  c o n t e m p o r a r y  r e v i e w s  ( H a r r i s  1981, B e n n e t t  1978, B r e w e r to n  

1984).

In  t h i s  t h e s i s ,  o f  n e c e s s i t y ,  a t t e n t i o n  i s  f o c u s s e d  on t h e  

p o ly m o r p h o n u c le a r  l e u k o c y t e  and  i t s  s t i m u l a t i o n  by c h e m o t a c t i c  

complement components and immune com plexes, i n  o rd e r  t h a t  th e  r o l e  o f  

oxygen  r a d i c a l s  p ro d u c e d  by t h e s e  c e l l s  i n  t h e  p a t h o g e n e s i s  o f  

r h e u m a t o i d  a r t h r i t i s  may be e v a l u a t e d .  P o lym orphonuc lear  le u k o cy es  

o c c u r  p a r t i c u l a r l y  i n  s y n o v i a l  f l u i d  (K rey  and  B a i l e n  1974) b u t  may 

a l s o  be fo u n d  i n  t h e  s y n o v i t i s  o f  e a r l y  d i s e a s e  (S c h u m a c h e r  and  

K i t r i d o u  1972) ,  t h e  s y n o v i a l  m em brane and p an n u s  o f  e s t a b l i s h e d  

d i s e a s e  (Mohr e t  a l  1981(a)), th e  a r t i c u l a r  c a r t i l a g e  (Ohno and Cooke 

1978, Mohr and Wessinghage 1978) rheu m a to id  nodu les  (Mohr, K ohler  and 

W e s s in g h a g e  1981) a n d  v a s c u l i t i s  ( S o t e r  e t  a l  1976).  E v id e n c e  f o r  a
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c e n t r a l  r o l e  f o r  t h e s e  c e l l s  i n  t h e  p a t h o g e n e s i s  a t  l e a s t  o f  t h e  

a r t i c u l a r  l e s i o n s  can  be g a i n e d  f ro m  t h e  a p p a r e n t  a m e l i o r a t i o n  o f  

a r t h r i t i s  i n  t h e  n e u t r o p a e n i a  o f  F e l t y ' s  synd rom e  ( r h e u m a t o i d  

a r t h r i t i s ,  n e u t ro p a e n ia  and spenom egaly) (F e l ty ,  1924).

Evidence f o r  th e  s t i m u l a t i o n  o f  PMN a t  th e  above s i t e s  o f  d i s e a s e  

a c t i v i t y  h a s  b e e n  p r o v i d e d  by t h e  d e m o n s t r a t i o n  e i t h e r  o f  

im m u n o g lo b u l in  o r  c o m p le m e n t  i n c l u s i o n s  w i t h i n  t h e  c e l l s  o r  o f  

g r a n u la r  enzymes r e l e a s e d  e x t r a c e l l u l a r l y .

S y n o v ia l  e f f u s i o n s  i n  p a t i e n t s  w i t h  e s t a b l i s h e d  r h e u m a t o i d  

a r t h r i t i s  f r e q u e n t l y  c o n t a i n  m ore  t h a n  10 ,000  l e u k o c y t e s  p e r  c u b i c  

m i l l i m e t e r ,  th e  m a jo r i t y  o f  which a r e  PMN (Krey and B a i le n  1979). PMN 

a r r i v e  i n  t h e  s y n o v i a l  f l u i d  by m i g r a t i o n  th r o u g h  c a p i l l i a r y  o r  

v e n u la r  w a l l s  w i th in  th e  synovium (H a r r i s  1981), a t t r a c t e d  c h i e f l y  by 

c h e m o ta c t ic  components o f  th e  complement pathw ay, i n  p a r t i c u l a r  (C567 

and  C5a ( Z v a i f l e r  1974) (1 .2 .1 ) .  The PMN do n o t  l e a v e  t h e  j o i n t  by 

r e t u r n i n g  to  th e  c i r c u l a t i o n ;  i n s t e a d  th e y  ap p ea r  to  be d e s t ro y e d  i n  

s i t u  w i t h i n  t h e  s y n o v i a l  e f f u s i o n  ( B e r t i n o  e t  a l  1963). I t  h a s  b een  

c a l c u l a t e d  t h t  th e  h a l f  l i f e  o f  PMN i n  th e  rh eu m a to id  s y n o v ia l  c a v i ty  

i s  b e tw e e n  s i x  and  s e v e n  h o u r s  ( B e r t i n o  e t  a l  1963) and  t h a t  i n  a  

rheum ato id  e f f u s io n  c o n ta in in g  25,000 c e l l s /m m J th e  r a t e  o f  breakdown 

o f  c e l l s  i n  th e  s y n o v ia l  c a v i t y  may exceed  one b i l l i o n  c e l l s  p e r  day 

( H a r r i s  1981). The m e ch an ism  o f  t h i s  p o s t u l a t e d  d e s t r u c t i o n ,  w h ic h  

has n o t  been measured o r  observed  d i r e c t l y  i s  unknown.

Large numbers o f  rheum a to id  s y n o v ia l  f l u i d  PMN a r e  v a c u o la te d  and 

e x t e n s iv e ly  d e g ra n u la te d  (B odel and  H o l l i n g s w o r t h  1966) and  c o n t a i n  

i n t r a c y t o p l a s r a i c  c o m p le x e s  consis ting  o f  im m unoglobulins ,  com plement 

and  r h e u m a t o i d  f a c t o r  ( H o l l a n d e r  e t  a l  1965). I t  i s  t h e r e f o r e  

p r o p o s e d  t h a t  t h e i r  l y s o s o m a l  enzymes a r e  r e l e a s e d  e x t r a c e l l u l r a l y  

n o t  o n l y  by c e l l  d e a t h ,  b u t  d u r i n g  t h e  p h a g o c y t o s i s  o f
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immune complexes

Numerous a n t ib o d y  s p e c i f i c i t i e s  have been r e p o r te d  i n  rheum ato id  

s y n o v ia l  com plexes in c lu d in g  IgG and IgM a n t i g l o b u l i n s ,  a n t ib o d ie s  to  

F(ab^)2, n u c l e a r  a n t ig e n s  and v i r a l  com ponents, bu t no a n t ig e n  o th e r  

th a n  IgG i t s e l f  has been i d e n t i f i e d  in  a s s o c i a t i o n  w i th  th e  a n t ib o d ie s  

(M ale  e t  a l  1980).

Rheumatoid f a c t o r s ,  a n t i g l o b u l i n s  r e a c t i n g  w i th  th e  Fc p o r t i o n  o f  

a u to lo g o u s  1gG, a r e  th e  most c o n s i s t e n t  im m unolog ica l a b n o rm a l i ty  i n  

p a t i e n t s  w i t h  r h e u m a to id  a r t h r i t i s .  At a d i l u t i o n  o f  se ru m  w h ich  

e x c lu d es  951 o f  th e  no rm al p o p u la t io n ,  a t  l e a s t  701 o f  p a t i e n t s  w i th  

r h e u m a t o i d  a r t h r i t i s  a s  d i a g n o s e d  by o t h e r  c r i t e r i a  w i l l  be 

s e r o p o s i t i v e  f o r  IgM r h e u m a t o i d  f a c t o r  (V a lk e n b u rg  e t  a l  19 6 6 ) ,  t h e  

m a jo r i t y  o f  th e  rem a in d e r  b e in g  s e r o p o s i t i v e  f o r  1gG rh eu m a to id  f a c t o r  

( T o r r ig i a n i  e t  a l  1970).

Up t o  501 o f  r h e u m a t o i d  s y n o v i a l  m em brane p la s m a  c e l l s  make 

a n t i b o d y  t o  IgG (M unthe an d  N a tv i g  1972). Immune c o m p le x e s  a r e  

u n i f o r m l y  o f  h i g h e r  c o n c e n t r a t i o n s  and  l a r g e r  s i z e  i n  t h e  s y n o v i a l  

f l u i d  t h a n  t h e  se ru m  ( Z u b l e r  e t  a l  1976, G a b r i e l  and  A g n e l lo  1977).  

Pope, T e l l e r  and Mannik (1974) drew a t t e n t i o n  to  th e  un ique  a b i l i t y  o f  

IgM r h e u m a t o i d  f a c t o r  t o  s e l f  a s s o c i a t e .  I t  h a s  been  p r o p o s e d  t h a t  

th e  h igh  c o n c e n t r a t i o n  o f  l o c a l l y  produced rheum a to id  f a c t o r  e n a b le s  

th e  fo rm a t io n  o f  l a r g e ,  s e l f  a s s o c i a t i n g  a g g re g a te s  o f  IgG a n t i  IgG in  

s y n o v i a l  f l u i d ,  w h e r e a s  i n  se ru m  t h e  a b u n d a n c e  o f  n o r m a l  1gG 

e n c o u r a g e s  t h e  f o r m a t i o n  o f  s m a l l  c o m p le x e s  (Hay e t  a l  1979 , M a le ,  

R o i t t  a n d  Hay 1 9 8 0 ) .

S e v e r a l  c o m p le m e n t  c o m p o n e n ts  a r e  a l s o  s y n t h e s i s e d  l o c a l l y  i n  

rh eu m a to id  synovium (Ruddy e t  a l  1969). The p a t t e r n  o f  s y n o v ia l  f l u i d  

complement l e v e l s  in  rh eum ato id  a r t h r i t i s  i s  n o n e - th e - l e s s  i n d i c a t i v e  

o f  i t s  a c t i v a t i o n  by both  c l a s s i c a l  and a l t e r n a t e  pathw ays ( Z v a l f l e r
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197*0. T h e re  i s  l i t t l e  e v i d e n c e  o f  c o m p le m e n t  a c t i v a i t o n  i n  s e ru m ,  

however, e x ce p t  i n  th e  p re s e s n c e  o f  e x t r a a r t i c u l a r  d i s e a s e  (Hunder and 

M cD uffie  1973).

T e s a r  and  S chm id  (1970) d e m o n s t r a t e d  t h a t  t h e  m a jo r  s h a r e  o f  

complement a c t i v a t i o n  by immune com plexes in  rheum a to id  a r t h r i t i s  was 

a t t r i b u t a b l e  t o  th e  p re sen ce  o f  IgM rheu m a to id  f a c t o r ,  IgM rh eu m a to id  

f a c t o r  has been found in  c lo s e  s p a t i a l  r e l a t i o n s h i p  to  d e p o s i t s  o f  IgG 

and components o f  th e  complement system  in  th e  s y n o v ia l  membrane o f  

p a t i e n t s  w ith  rh eu m a to id  a r t h r i t i s  (Rodman e t  a l  1967). I t  i s  th o u g h t  

t h a t  th e  l a rg e  s e l f  a s s o c i a t i n g  1gG a n t i  IgG a g g re g a te s  o f  rheum a to id  

s y n o v i a l  f l u i d  a r e  s t a b i l i s e d  by p o l y v a l e n t  b i n d e r s  o f  t h e  1gG Fc 

m o i e ty  s u c h  a s  IgM r h e u m a t o i d  f a c t o r  and  Clq  (M ale  e t  a l  1980).  The 

hypocoraplementaemia o f  e x t r a  a r t i c u l a r  rheum a to id  d i s e a s e  i s  in  t u r n  

a t t r i b u t a b l e  to  i t s  f i x a t i o n  by c i r c u l a t i n g  immune com plexes r e s u l t i n g  

from lo c a l  e x t r a  a r t i c u l a r  a n t i g l o b u l i n  f o r m a t i o n  ( N o w o s la n s k i  and 

B r z o s k i  1967).

The s y n t h e s i s  o f  im m u n o g lo b u l in  and  c o m p le m e n t  by r h e u m a t o i d  

s y n o v i a l  m em brane , p r o d u c t i o n  o f  immune c o m p le x e s ,  a c t i v a t i o n  o f  

s y n o v ia l  f l u i d  com plement, c h e m o a t t r a c t io n  o f  PMN's and p h a g o c y to s is  

o f  immune complexes w i th  consequen t r e l e a s e  o f  g r a n u la r  enzymes, known 

t o  be c a p a b l e  o f  d e g r a d i n g  c a r t i l a g e  m a t r i x  ( B a r r e t  1978, O h ls s o n

1978) a p p e a r  t o  p r o v i d e  a m e ch an ism  f o r  t h e  c a r t i l a g e  e r o s i o n  o f  

r h e u m a to id  a r t h r i t i s  (T a b le  7 ) .  The d e m o n s t r a t io n  o f  a n t i p r o t e a s e s  

w i th in  th e  s y n o v ia l  f l u i d  and th e  la c k  o f  c o r r e l a t i o n  o f  p r o t e o l y t i c  

enzym e l e v e l s  w i t h  e r o s i o n s  h ave  h o w e v e r ,  c a s t  d o u b t  upon  t h i s  

h y p o th e s i s  ( H a r r i s  1981).

More s u b s t a n t i a l  e v i d e n c e  h a s  b e e n  p rov ided  f o r  in v o lv em en t o f  

g r a n u la r  enzymes produced by PMN w i t h i n  s y n o v ia l  membrane, pannu3 and 

a r t i c u l a r  c a r t i l a g e  i n  r h e u m a to id  j o i n t  d e s t r u c t i o n ,  a l t h o u g h  t h e
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l a t t e r  has more f r e q u e n t ly  been a t t r i b u t e d  to  p ro d u c ts  o f  s y n o v ic y te s ,  

m ononuclear le u k o c y te s  and ch o n d ro cy te s  (H a r r i s  e t  a l  1975, Vaes e t  a l  

1977, D ing le  1978).

PMN a r e ,  i n  f a c t ,  f o u n d  r a r e l y  i n  t h e  s y n o v i a l  m em brane  o f  

e s t a b l i s h e d  rheum a to id  a r t h r i t i s .  H i s t o c h e m i c a l  s t a i n i n g  h a s  show n 

t h a t  in  o c c a s io n a l  rh eu m a to id  sam p les  up t o  2.6 PMN p e r  100 c e l l s  may 

be fo u n d  (Mohr and  W e s s in g h e l  1978) .  S a k l a t v a l a  and  B a r r e t t  (1980 )  

h o w e v e r  show ed  t h a t  a t  l e a s t  h a l f  t h e  n e u t r a l  p r o t e a s e  a c t i v i t y  o f  

rheum a to id  s y n o v ia l  can be a t t r i b u t e d  to  n e u t r o p h i l  d e r iv e d  c a th e s p in  

G and e l a s t a s e .  In  1981 Mohr and co -w o rk ers  d em o n s tra ted  PMN w i th i n  

t h e  p a n n u s ,  p an n u s  c a r t i l a g e  j u n c t i o n  and  a r t i c u l a r  c a r t i l a g e  o f  

rae tacarpo- and  m e t a l a r s o p h a l a n g e a l  j o i n t s  o f  t h r e e  p a t i e n t s  w i t h  

r h e u m a t o i d  a r t h r i t i s .  Ohno a n d  C o o k e  ( 1 9 7 8 )  h a d  p r e v i o u s l y  

d e m o n s t r a t e d  a m o rp h o u s  m a t e r i a l  g i v i n g  p o s i t i v e  im m unofluorescence  

s t a i n i n g  f o r  1gG, 1gA and c o m p le m e n t  w i t h i n  r h e u m a t o i d  a r t i c u l a r  

c a r t i l a g e  w h ic h  was a l s o  l o c a l l y  i n v a d e d  by PMN, fo u n d  on e l e c t r o n  

m ic r o s c o p y  t o  be p h a g o c y t o s i n g  s u c h  a g g r e g a t e s .  M e n n in g e r  e t  a l

(1980) show ed  r e l e a s e  o f  PMN n e u t r o p h i l  d e r i v e d  e l a s t a s e  i n t o  

c a r t i l a g e  su b a d ja c e n t  to  pannus by c y to c h e m ic a l  and im m unocytochem ical 

t e c h n iq u e s .

E x t r a  a r t i c u l a r l y ,  PMN a r e  fo u n d  i n  t h e  p e r i v a s c u l a r  c e l l u l a r  

i n f i l t r a t e  o f  p a t i e n t s  w i t h  r h e u m a t o i d  v a s c u l i t i s  a n d  

h y p o c o m p le m e n ta e m ia  ( S o t e r  e t  a l  1976).  I n  t h e  v a s c u l i t i s  o f  

normocomplementaemic p a t i e n t s  w i th  rh eu m a to id  v a s c u l i t i s  lym phocy tes  

p e rdom ina te  (S o te r  e t  a l  1976). D i s i n t e g r a t i n g  PMN have a d d i t i o n a l l y  

been d em o n s tra ted  w i th in  n e c r o t i c  a r e a s  o f  rh eu m a to id  n o d u le s  (Mohr e t  

a l  1 9 8 1 (b )) .

The PMN i s  t h u s  n o t  o n ly  p r e s e n t ,  b u t  s t i m u l a t e d  a t  i m p o r t a n t  

s i t e s  o f  d i s e a s e  a c t i v i t y  in  rh eu m a to id  a r t h r i t i s .  PMN s t i m u l a t i o n  by
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immune complexes o r  complement components i s  o f  c o u rse  a s s o c i a t e d  w i th  

i n i t i a t i o n  o f  t h e  r e s p i r a t o r y  b u r s t  ( 1 .2 .2 ) .  Oxygen r a d i c a l s  and  

r e a c t i v e  oxygen m e ta b o l i t e s  a s  produced in  rheum a to id  a r t h r i t i s  may 

a id  o r  exceed th e  t i s s u e  damaging p o t e n t i a l  o f  th e  r e le a s e d  g r a n u la r  

enzym es (1 .2 .3 ) .

1 .3 .2 . B iochem ica l ev id en ce  f o r  oxygen r a d i c a l  r e a c t i o n s  i n  rh eu m a to id  

a r t h r i t i s

The p r o p o s a l  t h a t  o xygen  r a d i c a l s  and o t h e r  r e a c t i v e  oxygen  

m e t a b o l i t e s  p ro d u c e d  by PMN may p l a y  an  i m p o r t a n t  r o l e  i n  t h e  

p a th o g e n e s is  o f  rh eu m a to id  a r t h r i t i s  r e s t s  n o t  on ly  on t h e i r  p re sen ce  

in  in c re a s e d  numbers and s t i m u l a t i o n  a t  s i t e s  o f  d i s e a s e  a c t i v i t y ,  b u t  

a l s o  on th e  p a u c i ty  o f  known oxygen r a d i c a l  scaveng ing  m echanism s in  

p lasm a and sy n o v ia l  f l u i d  (1.2 .3, McCord 197^, S a l in  and McCord 1977). 

T h u s  i t  h a s  b e e n  s u g g e s t e d  t h a t  o x y g e n  r a d i c a l s  r e a l e a s e d  

e x t r a c e l l u l a r l y  by PMN i n  r h e u m a t o i d  a r t h r i t i s  a r e  a t  l i b e r t y  t o  

i n t e r a c t  w i t h  o t h e r  h o s t  m o l e c u l e s  t o  d e l e t e r i o u s  e f f e c t .  F u r t h e r  

some e v i d e n c e  h a s  b een  p r o v i d e d  f o r  t h e  p r e s e n c e  o f  d e c r e a s e d  

i n t r a c e l l u a r  s u p e r o x i d e  d i s m u t a s e  c o n c e n t r a t i o n s  i n  th e  e r y th o c y te s  

and  PMN o f  p a t i e n t s  w i t h  a d u l t  and  j u v e n i l e  r h e u m a t o i d  a r t h r i t i s  

r e s p e c t i v e l y  (Banford e t  a l ,  1982, R i s t e r  e t  a l  1978).

While d i r e c t  ev idence  f o r  th e  invo lvem ent o f  oxygen r a d i c a l s  in  

t h e  p a t h o g e n e s i s  o f  r h e u m a to id  a r t h r i t i s  was c o n sp ic u o u s ly  l a c k in g ,  

th e  i n d i r e c t  b io c h em ic a l  ev id en ce  which had accum ula ted  p r i o r  to  th e  

com m encem ent o f  t h i s  t h e s i s  w i l l  now be r e v i e w e d .  The e v i d e n c e  

c o m p r i s e d  b i o c h e m i c a l  c h a n g e s  fo u n d  i n  p a t i e n t s  w i t h  r h e u m a t o i d  

a r t h r i t i s  which

(a )  w e re  a t t r i b u t a b l e  t o  oxygen  r a d i c a l  m e d ia t e d  dam age t o  c e l l
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membranes o r  e x t r a c e l l u l a r  m o le c u le s  o r  (b) p rov ided  a m i l i e u  w hich 

m igh t enhance th e  g e n e r a t io n  and p ro p a g a t io n  o f  oxygen r a d i c a l s  (Table  

8) .

( a )  Oxygen r a d i c a l  m ed ia ted  c e l l  membrane e x t r a c e l l u l a r  m olecu le

damage

C e l l  membranes The p o t e n t i a l  f o r  oxygen r a d i c a l s  t o  damage c e l l  

membranes v i a  l i p i d  p e r o x i d a t i o n  w as r e v i e w e d  i n  1.2.3 F l u o r e s c e n t  

l i p i d  p e r o x id a t io n  p ro d u c ts  have been found i n  h ig h e r  c o n c e n t r a t i o n  i n  

rheum a to id  serum and s y n o v ia l  f l u i d  th a n  i n  norm al o r  non rh eu m a to id  

s a m p le s  (Lunec e t  a l  1981). S y n o v i a l  f l u i d  s t u d i e s  show ed  t h a t  t h e  

i n i t i a l  f r e e  r a d i c a l  o x id a t io n  p ro d u c ts  w ere d e r iv e d  from in f la m e d  o r  

dam aged s y n o v i a l  t i s s u e  (L unec  an d  Dorm andy 1979). P l a s m a le m n a l  

d i s r u p t i o n  by l i p i d  p e r o x i d a t i o n  i s  known t o  r e s u l t  i n  t h e  r e l e a s e  

f ro m  PMN n o t  o n ly  o f  h y d r o p e r o x i d e s ,  b u t  a l s o  o f  a r a c h i d o n i c  a c i d ,  

l i p i d  e n d o p e r o x i d e s , th ro m b o x a n e  A2 and  o t h e r  p r o s t a g l a n d i n  l i k e  

m e t a b o l i t e s ,  a l l  o f  w h ic h  h a v e  b e e n  i n v o l v e d  i n  t h e  p a t h o g e n e s i s  o f  

rheum ato id  a r t h r i t i s  (1.2.3, Del M aes tro  1980).

The p r e v e n t i o n  o f  p r e m a t u r e  c e l l  d e a th  in  p h ag o cy to s in g  PMN by 

a d d i t i o n  o f  s u p e r o x i d e  d i s m u t a s e  ( S a l i n  an d  McCord 1975) f u r t h e r  

su g g es ted  t h a t  th e  h igh  r a t e  o f  PMN d e a th  w i th in  rh eu m a to id  s y n o v ia l  

e f f u s i o n s  (1 .3 .1 )  may be c a u s e d  by o x y g en  r a d i c a l  m e d i a t e d  c e l l  

membrane l y s i s .  In  a d d i t i o n ,  a p o s s i b l e  mechanism fo r  th e  in v o lv em en t  

o f  oxygen r a d i c a l s  produced by PMN i n  th e  p a th o g e n e s is  o f  rh e u m a to id  

v a s c u l i t i s  was p r o v i d e d  by t h e  d e m o n s t r a t i o n  t h a t  b o th  a c e l l u l a r l y  

g e n e ra te d  oxygen r a d i c a l s  and complement s t im u la t e d  PMN w ere c a p a b le  

o f  i n j u r i n g  e n d o t h e l i a l  c e l l s  (Sacks e t  a l  1978).

E x t r a c e l l u l a r  m o lecu le s  The d ec re ase d  v i s c o s i t y  o f  s y n o v ia l  f l u i d  in  

rheum a to id  and o th e r  in f la m m a to ry  a r t h r i t i d e s  has been a t r r i b u t e d  to  

d e p o l y m e r i s a t i o n  o f  i t s  m a jo r  g l y c o s a r a i n o g l y c a n s  h y a l u r o n i c  a c i d
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(G re e n w a ld  and  Moy 1980).  The d e c r e a s e  i n  s y n o v i a l  f l u i d  v i s c o s i t y  

c o r r e l a t e s  s t r o n g l y  w i t h  t h e  n u m b e r  o f  PMN p r e s e n t  i n  t h e  i n f l a m e d  

j o i n t  ( J e s s a r  1 9 6 6 ) .  PMN do n o t  c o n t a i n  h y a l u r o n i d a s e ,  a n d  

h y a lu ro n id a s e  has n o t  been found i n  rh eu m a to id  s y n o v ia l  f l u i d s  (Soder 

e t  a l  1970, Greenwald and Moy 1980).

In  1974 McCord d em o n s tra te d  a  d e c re a se  i n  th e  v i s c o s i t y  o f  bov ine 

s y n o v ia l  f l u i d  exposed to  a  x a n th in e -x a n th in e  o x id a se  oxygen r a d i c a l  

g e n e r a t i n g  s y s te m  w h ic h  c o u l d  be i n h i b i t e d  by e i t h e r  s u p e r o x i d e  

d i s m u t a s e  o r  c a t a l a s e ,  s u g g e s t i n g  t h a t  OH* (p ro d u c e d  by t h e  H ab er  

W e is s  r e a c t i o n )  w as t h e  l i k e l y  a g e n t .  F u r t h e r  s u p p o r t  f o r  t h i s  

h y p o th e s is  was p ro v id e  by P u ig - P a r e l l a d a  and P lan a s  (1978) who showed 

t h a t  th e  l o s s  o f  s y n o v ia l  f l u i d  v i s c o s i t y  was a l s o  i n h i b i t a b l e  by th e  

OH* scav en g e rs  sodium benzoa te  and m a n n i to l .  Greenwald and Moy (1980) 

d em o n s tra ted  t h a t  th e  d e c re a se  i n  human u m b i l i c a l  co rd  h y a lu ro n ic  a c id  

v i s c o s i t y  w h ic h  o c c u r r e d  f o l l o w i n g  e x p o s u r e  t o  s t i m u l a t e d  PMN w as 

l i k e w i s e  a b o l i s h e d  by s u p e r o x i d e  d i s m u t a s e  o r  m a n n i t o l .  The sam e 

a u th o r s  p rov ided  d i r e c t  ev id en ce  f o r  h y a lu ro n ic  a c id  d e p o ly m e r i s a t io n  

u s in g  sep h a ro se  chrom atography.

A num ber o f  a b n o r m a l i t i e s  h av e  b een  i d e n t i f i e d  i n  t h e  u r i n a r y  

e x c r e t io n  o f  amino a c id s  in  p a t i e n t s  w i t h  r h e u m a t o i d  a r t h r i t i s  ( v i z  

t y r o s i n e ,  (N ish im ura  e t  a l  1958), t ry p to p h a n  (M cM illan 1960, Houpt e t  

a l  1973) and t a u r i n e ,  ( R y la n c e ,  196 9 )) .  The r e l e v a n c e  o f  t h e s e  

a b n o r m a l i t i e s  to  th e  p a th o g e n e s is  o f  rh eum ato id  a r t h r i t i s  has n o t  been 

d e t e r m i n e d ,  b u t  i n v o l v e m e n t  o f  o xygen  r a d i c a l s  i n  t h e i r  a l t e r e d  

m e ta b o l i s m  (1 .2 .3 )  r e m a i n s  a  p o s s i b i l i t y .  The i n c r e a s e d  u r i n a r y  

e x c r e t i o n  o f  t a u r i n e  i n  r h e u m a t o i d  a r t h r i t i s  may be o f  p a r t i c u l a r  

i n t e r e s t  (R y la n c e  1969).  T a u r i n e  i s  fo u n d  i n  h ig h  c o n c e n t r a t i o n  

w i th i n  PMN (Houpert e t  a l  1976) and t a u r i n e  ch lo ra ra ine  produced by th e  

m y e loperox idase  -  H2O2 -  h a l id e  system  (1.2.2) has been shown t o  be a
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p a r t i c u l a r l y  s t a b l e  ch lo ra ra in e  (Z g l ic z y n s k i  e t  a l  1971).

The on ly  c o n s i s t e n t  a b n o rm a l i ty  found on a n a l y s i s  o f  serum amino 

a c id  l e v e l s  i n  rh eu m a to id  a r t h r i t i s  has been one o f  h y p o h is t id in a e m ia  

(G e rb e r  1975). H i s t i d i n e  i s  c a p a b l e  o f  r e a c t i n g  w i t h  ( ^ A g  O2 ) 

(Hodgson and F id o v ic h  197*0 b u t  i t  i s  n o t  known w hether  th e  d ec re a se d  

h i s t i d i n e  l e v e l s ,  i f  r e l a t e d  t o  oxygen  r a d i c a l  m e ta b o l i s m  a t  a l l ,  

r e s u l t  f rom  oxygen  r a d i c a l  r e a c t i o n ,  o r  i n  f a c t  r e p r e s e n t  a  p r e 

e x i s t i n g  d e f i c i e n c y  i n  t h e  ' s c a v e n g i n g '  c a p a b i l i t y  o f  r h e u m a t o i d  

serum. G erber found t h a t  t h e  d e c r e a s e d  h i s t i d i n e  l e v e l s  c o r r e l a t e d  

s i g n i f i c a n t l y  w i t h  c l i n i c a l  and  l a b o r a t o r y  i n d i c e s  o f  r h e u m a t o i d  

d i s e a s e  a c t i v i t y  and p roposed  t h a t  th e  a s s o c ia t e d  low c o n c e n t r a t i o n s  

o f  h i s t i d i n e  i n  r h e u m a t o i d  s y n o v i a l  f l u i d  c o n t r i b u t e  t o  t h e  

p a th o g e n e s is  o f  rh eu m a to id  a r t h r i t i s  by a l lo w in g  s u lp h y d ry l  dependent 

h y a l u n o n a t e  a u g m e n te d  a g g r e g a t i o n  o f  s y n o v ia l  f l u i d  gamma g lo b u l in  

(v id e  i n f r a )  (G erber 1975 ( b ) , G erber (1 9 7 4 ) ) .

Oxygen r a d i c a l s  h av e  b e e n  show n t o  r e a c t  w i t h  p r o t e i n  bound  a s  

w e l l  a s  f r e e  am ino  a c i d s  (1 .2 .3 ) .  I n h i b i t i o n  o f  0 (  ^ a n t i p r o t e a s e  

a c t i v i t y  by r e a c t i o n  o f  m e t h i o n i n e  a t  i t s  a c t i v e  s i t e  w i t h  o x y g en  

r a d i c a l s  ( C la rk  e t  a l  1981) i s  p o t e n t i a l l y  o f  r e l e v a n c e  t o  t h e  

p a t h o g e n e s i s  o f  r h e u m a to id  a r t h r i t i s .  I n h i b i t i o n  o f  r h e u m a t o i d  

sy n o v ia l  f l u i d  0(  ̂ a n t i p r o t e a s e  a c t i v i t y  by oxygen r a d i c a l s  r e l e a s e d  

by s t im u la t e d  PMN would le a d  to  enhanced p r o t e o l y t i c  enzyme a c t i v i t y .  

No ev idence  f o r  t h i s  o c c u r re n c e  has y e t  been p rov ided  in  v iv o .

Changes have been found however i n  p r o t e i n  s u lp h y d ry l  g ro u p s  i n  

rheum ato id  a r t h r i t i s  which may be r e l a t e d  to  oxygen r a d i c a l  a c t i v i t y .  

Serum s u l p h y d r y l  l e v e l s  a r e  d e p r e s s e d  i n  p a t i e n t s  w i t h  r h e u m a t o i d  

a r t h r i t i s ,  p a r t i c u l a r l y  d u r in g  a c t i v e  phases  o f  the  d i s e a s e  (L o rber  e t  

a l  1964, H a a t a j a  1975). Serum s u l p h y d r y l  g ro u p s  a r e  co m p o sed  a l m o s t  

e n t i r e l y  o f  c y s t e i n e  s i d e  c h a i n s  on p r o t e i n s ,  in  p a r t i c u l a r  a l b u m in
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(Thomas and Evans 1975).

S u lp h y d r y l  g r o u p s  can  be o x i d i s e d  by 0 2 *“ , H2 02 an d  d e r i v a t i v e s  

o f  t h e  m y e l o p e r o x i d a s e  -  H2 0 2 -  h a l i d e  s y s t e m  t o  f o r m  m i x e d  

d i s u lp h id e s ,  su lp h e n ic  o r  s u lp h o n ic  a c id s  (1.2.3). The d e p re s s io n  o f  

serum su lp h y d ry l  l e v e l s  and a s s o c i a t e d  mixed d i s u lp h id e  bond fo rm a t io n  

w i t h  low  m o l e c u l a r  w e i g h t  t h i o l s  (Thomas and  Evans 1975) may t h u s  

r e s u l t  from oxygen r a d i c a l  m ed ia ted  o x id a t io n .

While th e  m a jo r i t y  (85-90%) o f  serum su lp h y d ry l  g roups a r e  found 

on a l b u m in ,  t h e  r e m a i n d e r  a r e  d i s t r i b u t e d  i n  t h e  g l o b u l i n  f r a c t i o n  

w i th  1gG i t s e l f  c o n ta in in g  0.2 m oles s u lp h y d ry l  groups p e r  mole o f  1gG 

(B uchw ald  and  C o n n e l l  197*0. S i m i l a r  o xygen  r a d i c a l  m e d i a t e d  

o x id a t io n  o f  th e s e  s u lp h y d ry l  g roups w i th  r e s u l t a n t  mixed d i s u lp h id e  

o r  i n t r a  o r  i n t e r  m o le c u la r  d i s u lp h id e  b r id g in g  m ight le a d  to  a l t e r e d  

a n t i g e n i c i t y  o f  t h e  1gG m o l e c u l e .  W h i le  d i r e c t  e v i d e n c e  f o r  1gG 

s u lp h y d ry l  group o x id a t io n  in  v ivo  in  rh eu m a to id  a r t h r i t i s  i s  l a c k in g  

G erber (197*0 has shown t h a t  t h i o l  c o n ta in in g  a n t i r h e u m a t ic  d rugs  D- 

p e n i c i l l a m in e  and a u r o th io m a la te  cou ld  i n h i b i t  th e  s u lp h y d ry l  m e d ia te d  

a g g r e g a t i o n  o f  hum an  1gG e x p o s e d  t o  u n p h y s i o l o g i c a l l y  h i g h  

te m p e ra tu re s .

I n  a d d i t i o n  t o  t h e i r  i n t r i n s i c  am in o  a c i d s ,  p r o t e i n s  a l s o  

t r a n s p o r t  s u b s t a n c e s  w h ic h  may be s u s c e p t i b l e  t o  o x y g en  r a d i c a l  

a t t a c k .  The d e m o n s t r a t i o n  by P e t r o n e  e t  a l  (1980) o f  s u p e r o x i d e  

d e p e n d e n t  a c t i v a t i o n  o f  a PMN c h e m o t a c t i c  f a c t o r  l o c a l i s e d  t o  a 

ch lo ro fo rm  e x t r a c t a b l e  component bound to  a lbum in  s u g g e s ts  a  f u r t h e r  

mechanism f o r  invo lvem en t o f  oxygen r a d i c a l s  in  th e  p e r p e t u a t i o n  o f  

in f lam m ato ry  d i s e a s e s  such as  rh eu m a to id  a r t h r i t i s .

(b) B iochem ical changes i n  rheum ato id  a r t h r i t i s  which may enhance th e

g e n e r a t io n  and p ro p a g a t io n  o f  oxygen r a d i c a l s

The p r o p a g a t i o n  o f  oxygen  r a d i c a l s  r e l e a s e d  by PMN s t i m u l a t e d
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w i t h i n  r h e u m a to id  s y n o v i a l  f l u i d ,  s y n o v i a l  m em brane o r  a r t i c u l a r  

c a r t i l a g e  i s  l i k e l y  t o  be  f a c i l i t a t e d  n o t  o n l y  by  t h e  lo w  

e x t r a c e l l u l a r  c o n c e n t r a t i o n s  o f  s u p e ro x id e  d is m u ta s e  and ca -^ ta la se ,  

bu t  by th e  in c re a s e d  c o n c e n t r a t i o n s  o f  f r e e  i r o n ,  copper and z in c ,  and 

d ec re ase d  c o n c e n t r a t i o n  o f  a s c o r b ic  a c id  found i n  th e  s y n o v ia l  f l u i d .  

I n c r e a s e d  c o n c e n t r a t i o n s  o f  s y n o v i a l  f l u i d  c a e r u l o p l a s m i n  may, 

however, e x e r t  a p r o t e c t i v e  oxygen r a d i c a l  scaveng ing  e f f e c t .

S y n o v ia l  f l u i d  i r o n ,  c o p p e r  an d  z i n c . The p r e v i o u s l y  m e n t io n e d  

d e p o ly m e r is a t io n  o f  h y a lu ro n ic  a c id  i n  rheum ato id  s y n o v ia l  f l u i d  has 

been  a t t r i b u t e d  t o  r e a c t i o n  o f  t h e  a c i d  w i t h  OH*. The f o r m a t i o n  o f  

OH* f ro m  i n t e r a c t i o n  o f  02*~ an d  H20p c a n  o n ly  o c c u r  i n  t h e  p r e s e n c e  

o f  a m e t a l  c h e l a t e  ( r e a c t i o n s  (5) and (6 ) ,  1 .2 .2 ,  H ab er  and  W e iss  

193*1, McCord and  Day 1978).  Mean c o n c e n t r a t i o n s  o f  c o p p e r ,  i r o n ,  

z i n c ,  c a e r u l o p l a s m i n  and  f e r r i t i n  h av e  b e e n  fo u n d  t o  be e l e v a t e d  i n  

rheum ato id  s y n o v ia l  f l u i d  (N iederm eie r  and G riggs  1971, W hite e t  a l  

1978, Blake e t  a l  1980). The s p e c t r o s c o p ic  and c o l o u r i m e t r i c  methods 

u s e d ,  h o w e v e r ,  w o u ld  h av e  d e t e c t e d  b o th  p r o t e i n  bound an d  ' f r e e '  

m e ta ls  s im u l ta n e o u s ly .  I t  has been shown t h a t ,  w i th  th e  e x c e p t io n  o f  

i r o n  s a t u r a t e d  l a c t o f e r r i t i n ,  m e t a l - p r o t e i n  com plexes a r e  u n a b le  t o  

c a t a l y s e  t h e  f o r m a t i o n  o f  OH* f ro m  0 2 ”“ and  H2 0 2 ( H a l l i w e l l  1978).  

M icrom olar c o n c e n t r a t i o n s  o f  ' f r e e '  i r o n  have, how ever, been A ss u re d  

i n  r h e u m a to id  s y n o v i a l  f l u i d  by G u t t e r i d g e ,  R ow ley  and  H a l l i w e l l

(1981), who used th e  dependency on Fe^+ o f  b leom ycin  d e g ra d a t io n  as  an 

a s sa y  f o r  th e  f r e e  m e ta l .

W hite e t  a l  (1978) su g g e s te d  t h a t  th e  in c re a s e d  c o n c e n t r a t i o n s  o f  

rheum ato id  sy n o v ia l  f l u i d  c a e ru lo p la s m in ,  (shown in  v i t r o  t o  scavenge  

0 2*“ ( G o l d s t e i n  e t  a l  1978)) m ig h t  be a s s o c i a t e d  w i t h  a p r o t e c t i v e  

' a n t i o x i d a n t '  e f f e c t .  B la k e  e t  a l  (1981 )  w e re  h o w e v e r  u n a b l e  t o  

d e t e c t  any 02*“ scaveng ing  a c t i v i t y  i n  t h e i r  rheum a to id  s y n o v ia l  f l u i d
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sa m p le s .

S y n o v i a l  f l u i d  a s e o r b i o  a c i d . A s c o r b i c  a c i d  i s  a b l e  t o  s c a v e n g e  

oxygen  r a d i c a l s  d u r i n g  i t s  o x i d a t i o n  t o  d e h y d r o a s c o r b i c  a c i d  

( r e a c t i o n s  (18) an d  (19)> 1 .2 .3 ) .  B la k e  e t  a l  ( 1 9 8 1) d e m o n s t r a t e d  

d e p r e s s e d  se ru m  and s y n o v i a l  f l u i d  a s c o r b i c  a c i d  l e v e l s  i n  t h e i r  

p a t i e n t s  w i t h  r h e u m a t o i d  a r t h r i t i s ,  a n d  c a l c u l a t e d  t h a t  t h e  

c o n c e n t r a t io n s  o f  reduced  ‘ a s c o r b a t e  p r e s e n t  were to o  low to  a f f o r d  

any s i g n i f i c a n t  02*"" scav en g in g  a c t i v i t y .

1 .3 .3  E f f e c t s  o f  a n t i in f la m m a to ry  and a n t i rh e u m a t ic  d rugs

Drugs c u r r e n t l y  used  i n  th e  t r e a tm e n t  o f  rheum ato id  a r t h r i t i s  may 

be c l a s s i f i e d  a s  ( i )  s i m p l e  a n a l g e s i c  d r u g s  ( i i )  non s t e r o i d a l  a n t i  

in f la m m a to ry  d rugs ( i i i )  d i s e a s e  m od ify ing  d rugs ( a n t i  rh e u m a tic )  ( iv )  

im m unosuppressive d rugs and (v) c o r t i c o s t e r o i d  d rugs. A lthough many 

a c t i o n s  o f  t h e s e  d ru g s  h ave  b een  i d e n t i f i e d  i n  v i t r o  a s n d  i n  v i v o ,  

w i t h  t h e  e x c e p t i o n  o f  t h e  s i m p l e  a n a l g e s i c  d r u g s ,  t h e  a c t i o n ( s )  o f  

g r e a t e s t  r e l e v a n c e  t o  any  b e n e f i c i a l  e f f e c t s  o f  t h e  d r u g s  i n  t h e  

t r e a tm e n t  o f  rheum ato id  a r t h r i t i s  have n o t  y e t  been i d e n t i f i e d .

I n  t h i s  s e c t i o n , e v i d e n c e  f o r  a c t i o n s  o f  m em bers  o f  an y  o f  t h e  

ab o v e  m e n t io n e d  g ro u p s  o f  d r u g s  on (a )  t h e  r e s p o n s i v e n e s s  o f  PMN t o  

c h e m o ta c t ic  and p h ag o cy t ic  s t i m u l i  (b) t h e  PMN r e s p i r a t o r y  b u r s t  (c) 

oxygen r a d i c a l  scaveng ing  o r  (d) th e  o c c u r re n c e  o f  b io c h e m ic a l  changes 

i n  r h e u m a to id  a r t h r i t i s  a t t r i b u t a b l e  t o  oxygen  r a d i c a l  s c a v e n g i n g ,  

w i l l  be rev iew ed .

(a )  E f f e c t s  o f  d rugs  on PMN re s p o n s iv e n e s s

Any d ru g  w h ic h  i n h i b i t s  t h e  PMN's a b i l i t y  t o  r e s p o n d  t o  a 

c h e m o t a c t i c  g r a d i e n t  o r  t o  p h a g o c y t o s e  may l i m i t  t h e  p r o d u c t i o n  o f  

oxygen r a d i c a l s  a t  s i t e s  o f  d i s e a s e  a c t i v i t y  in  rheum ato id  a r t h r i t i s .
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PMN chem otax is  has  been i n h i b i t e d  i n  v i t r o  by th e  a n t i r h e u m a t ic  

d r u g s  c h l o r o q u i n e ,  g o ld  ( a u r o t h i o m a l a t e )  and  D - p e n i c i l l a m i n e  (Ward 

1966, Howat 1978), and in  v ivo  i n  a r a t  model by c h lo ro q u in e  (C la rk e ,  

V ern o n , R o b e r t s  and  C u r ry  1975) .  A f t e r  r e s p o n d i n g  t o  a c h e m o t a c t i c  

s t i m u l u s  th e  PMN m u s t  f i r s t  a d h e r e  t o  and  t h e n  p a s s  t h r o u g h  b lo o d  

v e s s e l  endo the lu im . The i n g e s t i o n  e i t h e r  o f  a s p i r i n ,  th e  o l d e s t  non 

s t e r o i d a l  a n t i  in f la m m a to ry  d rug ,  o r  o f  p re d n is o lo n e  has been shown to  

be accompanied by a d ec re ase d  a b i l i t y  o f  PMN to  ad here  to  ny lon  f i b r e s  

f o r  s e v e r a l  h o u r s  s u b s e q u e n t l y  i n  v i t r o  (M acG reg o r ,  S p a g n u lo  and 

L e n te k  1974). The p e r i p h e r a l  b lo o d  l e u k o c y t o s i s  w h ic h  a c c o m p a n i e s  

s t e r o i d  in g e s t io n  i s  c o n t r ib u te d  to  n o t  on ly  by an i n h i b i t i n g  e f f e c t  

on PMN e g r e s s i o n  f rom  t h e  c i r c u l a t i o n ,  b u t  a l s o  by an a c c e l e r a t e d  

r e l e a s e  o f  m ature  PMN from th e  bone marrow (Bishop e t  a l  1968).

PMN p h ag o cy to s is  has a l s o  been i n h i b i t e d  in  v i t r o  by c h lo ro q u in e  

(Ward 1966). J e s s o p  e t  a l  (1973) d e m o n s t r a t e d  an  i n h i b i t i o n  o f  PMN 

i n g e s t i o n  o f  c o l l o i d a l  carbon p a r t i c l e s  in  v ivo u s in g  a  's k in  window' 

t e c h n i q u e  i n  p a t i e n t s  w i t h  r h e u m a t o i d  a r t h r i t i s  r e c e i v i n g  

a u ro th io m a la te  th e ra p y .  By c o n t r a s t ,  c o r t i c o s t e r o i d s  ap p ea r  to  have 

no e f f e c t  on PMN p h a g o c y to s is  ( P a r r i l l o  and F auc i 1979).

(b) E f f e c t s  o f  d rugs on PMN r e s p i r a t o r y  b u r s t

D rugs w h ich  d e c r e a s e  t h e  PMN's c a p a c i t y  f o r  c h e m o t a x i s  o r  

p h a g o c y t o s i s  n e e d  n o t  n e c e s s a r i l y  d e c r e a s e  t h e  m a g n i tu d e  o f  t h e  

r e s p i r t o r y  b u r s t .  M embrane p e r t u r b a t i o n  r a t h e r  t h a n  i n g e s t i o n  i s  

s u f f i c i e n t  s t i m u l u s  f o r  t h e  l a t t e r  ( G o l d s t e i n  e t  a l  1975).  C e r t a i n  

non s t e r o i d a l  a n t i  i n f l a m m a t o r y  d r u g s  (S e rg e  1979) an d  c h l o r o q u i n e  

( P e t e r s  1973) a r e ,  h o w e v e r ,  known t o  s t a b i l i s e  PMN l y s o s o m a l  

m e m b r a n e s .  I f  t h e s e  d r u g s  t h e r e b y  i n h i b i t  t h e  r e l e a s e  o f  

m y e l o p e r o x i d a s e ,  a d e c r e a s e  i n  t h e  g e n e r a t i o n  o f  o xygen  r a d i c a l s  by 

th e  m ye loperox idase  -  H2O2 -  h a l id e  system  may occur .  The r e l e a s e  o f
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h y d r o l a s e s  f ro m  ly s o s o m e s  h a s  b e e n  show n t o  be u n a f f e c t e d  by g o ld  

compounds i n d i c a t i n g  t h a t  go ld  does n o t  s t a b i l i s e  ly so so m al membranes 

(E n n is  e t  a l  1968),

Van Dyke e t  a l  (1979) u s in g  lu m in o l  dependent chem ilum inescence  

a s  a m o n i t o r  o f  o x y g en  r a d i c a l  p r o d u c t i o n  by PMN, d e m o n s t r a t e d  

i n h i b i t o r y  e f f e c t s  i n  v i t r o  f o r  a  num b er  o f  non s t e r o i d a l  a n t i 

i n f l a m m a t o r y  d r u g s  ( n a m e l y  i n d o m e t h a c i n , s o d iu m  s a l i c y l a t e ,  

fen o p ro fen ,  t o l m e t i n ,  naproxen  and ib u p ro fe n ) ,  a l l  o f  which w ere n o ted  

to  be p ro s ta g la n d in  s y n th e t a s e  i n h i b i t o r s .  A s p i r i n ,  d e x a m e th e s o n e  

and m e th y lp re d n iso lo n e  d id  n o t  i n h i b i t  chem ilum inescence .

(c) Drugs a s  oxygen r a d i c a l  scav en g e rs

The oxygen r a d i c a l  scavenger  c o p p e r -z in c  su p ero x id e  d is m u ta s e  has 

been p u r i f i e d  from bovine l i v e r  and a d m in i s t e r e d  in  drug  form (named 

'o r g o te in ' )  p a r e n t e r a l l y  t o  p a t i e n t s  w i th  o s t e o a r t h r i t i s  o r  rh eu m a to id  

a r t h r i t i s  (Huber and Menander-Huber 1980, Goebel, S to rc k  and N eura th  

1981). The u s e  o f  t h i s  d ru g  h a s  b e e n  l a r g e l y  e x p e r i m e n t a l  and  l o n g  

te rm  b e n e f i t s  have n o t  y e t  been r e p o r te d .  Of th e  c o n v e n t io n a l  d ru g s ,  

P u i g - P a r e l l a d a  and  P la n a s  (1978) d e m o n s t r a t e d  t h a t  s e v e r a l  non 

s t e r o i d a l  a n t i  in f lam m ato ry  d rugs  ( in c lu d in g  in d o m e th ac in ,  m efanam ic 

a c i d  and  p h e n y l b u ta z o n e )  a s  w e l l  a s  p r e d n i s o l o n e ,  d e x a m e th a s o n e ,  

t r i a m c in o lo n e  and h y d ro c o r t i so n e  were a b l e  t o  scavenge oxygen r a d i c a l s  

p ro d u c e d  i n  v i t r o  by t h e  x a n t h i n e  o x i d a s e  c a s t a l y s e d  o x i d a t i o n  o f  

hypoxan th ine ,  th e re b y  i n h i b i t i n g  s y n o v ia l  f l u i d  d e g r e d a t i o n .  S k o se y  

and Chow (1981) found t h a t  go ld  and D - p e n ic i l l a m in e  scavenged oxygen 

r a d i c a l s  s i m i l a r l y  g e n e ra te d  in  v i t r o  and th e re b y  p rev en ted  o x i d a t io n  

o f  anD (1 p r o t e i n a s e  i n h i b i t o r .

(d )  E f f e c t s  o f  d rugs  on b io c h em ic a l  changes  i n  rheum ato id  a r t h r i t i s

a t t r i b u t a b l e  to  oxygen r a d i c a l  a c t i v i t y

The b io c h em ic a l  changes i n  rh eu m a to id  a r t h r i t i s ,  a t t r i b u t a b l e  to
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oxygen  r a d i c a l  a c t i v i t y  r e v i e w e d  i n  1 .3 .2  c o n c e r n e d  h y a l u r o n i c  a c i d  

d e p o l y m e r i s a t i o n ,  u r i n e  an d  se ru m  am ino  a c i d  l e v e l s  and  se ru m  

s u l p h y d r y l  l e v e l s .  D ru g s  c u r r e n t l y  u sed  i n  t h e  t r e a t m e n t  o f  

r h e u m a to id  a r t h r i t i s  h a v e  b e e n  show n t o  f a v o u r a b l y  m o d i f y  t h e s e  

c h a n g e s  e i t h e r  i n  v i t r o  o r  i n  v iv o .  As ab o v e  P u i g - P a r e l l a d a  and  

P la n a s  (1978) d e m o n s t r a t e d  t h a t  a  num ber o f  non s t e r o i d a l  and  

s t e r o i d a l  a n t i  in f la m m a to ry  d rugs were cap a b le  o f  i n h i b i t i n g  oxygen 

r a d i c a l  in d u c e d  s y n o v i a l  f l u i d  d e g r a d a t i o n  i n  v i t r o .  P ic k u p  e t  a l  

(1980) found t h a t  t r e a tm e n t  o f  p a t i e n t s  w i th  rheum a to id  a r t h r i t i s  w i th  

D - p e n ic i l la m in e  was a s s o c i a t e d  w i th  a s i g n i f i c a n t  i n c r e a s e  i n  t h e i r  

serum h i s t i d i n e  l e v e l s ,  w hich d id  n o t  o ccu r  w i th  h y d ro x y ch lo ro q u in e  

t r e a tm e n t .  The d ep re ssed  serum su lp h y d ry l  l e v e l s  o f  a c t i v e  rh eu m a to id  

a r t h r i t i s  h ave  a l s o  b e e n  show n t o  c o r r e c t  w i t h  a n t i  r h e u m a t i c  

t r e a tm e n t  (H aa ta ja  1975). H a ll  and G i l l a n  (1979) showed t h a t  g o ld ,  D- 

p e n i c i l l a m in e  and le v a ra is o le  th e ra p y  were a s s o c ia t e d  w i th  an enhanced 

r a t e  o f  serum  s u l p h y d r y l  -  d i s u l p h i d e  e x c h a n g e  i n  v i t r o .  G e r b e r

(1974) showed t h a t  go ld  and D - p e n ic i l l a m in e  were a b le  t o  i n h i b i t  t h e  

copper c a t a ly s e d  th e rm a l  a g g re g a t io n  o f  human gamma g lo b u l in  i n  v i t r o ,  

and P r i t c h a r d  and  N uki (1 9 7 8 )  fo u n d  t h a t  t r e a t m e n t  w i t h  t h e s e  d r u g s  

r e s u l t e d  i n  a l o w e r i n g  o f  se rum  and s y n o v i a l  f l u i d  l e v e l s  o f  

r h e u m a to id  f a c t o r .  G o e b e l  e t  a l  (1981 )  fo u n d  t h a t  i n t r a  a r t i c u l a r  

o rg o te in  (su p e ro x id e  d ism u ta se )  th e ra p y  caused  a s i g n i f i c a n t  f a l l  in  

sy n o v ia l  f l u i d  rh eu m a to id  f a c t o r  l e v e l s  i n  t h e i r  rheum a to id  p a t i e n t s .  

T h ese  o b s e r v a t i o n s  r a i s e  t h e  p o s s i b i l i t y  t h a t  a p r o m i n e n t  mode o f  

a c t i o n  o f  g o ld  and  D - p e n i c i l l a m i n e  i n  t h e  t r e a t m e n t  o f  r h e u m a t o i d  

a r t h r i t i s  i s  to  d e c re a se  th e  s t im u lu s  to  rh eu m a to id  f a c t o r  p ro d u c t io n  

by i n h i b i t i o n  o f  oxygen  r a d i c a l  m e d i a t e d ,  s u l p h y d r y l  d e p e n d e n t  

a g g re g a t io n  o f  gamma g lo b u l in .
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1.4 Measurement o f  Oxygen R a d ic a ls  Produced by PMN

1 .4 .1  A v a i la b le  Methods

D e sp ite  t h e i r  c o n s id e r a b le  p o t e n t i a l  f o r  t i s s u e  d e s t r u c t i o n ,  th e  

r o l e s  o f  oxygen r a d i c a l s  and r e a c t i v e  ox y g en  m e t a b o l i t e s  i n  d i s e a s e  

p a t h o g e n e s i s  h a v e  u n t i l  r e c e n t l y  b e e n  l a r g e l y  u n i n v e s t i g a t e d  

p r i n c i p a l l y  b e c a u s e  o f  t h e  l a c k  o f  s u i t a b l e  s y s t e m s  f o r  t h e i r  

m e a s u re m e n t .  On a c c o u n t  o f  t h e i r  e x t r e m e  r e a c t i v i t y  t h e s e  a g e n t s  

d e c a y  r a p i d l y  i n  b i o l o g i c a l  s y s t e m s  s u c h  t h a t  t h e  h a l f  l i f e  o f  

h a s  b een  m e a s u re d  a s  5 m i l l i s e c o n d s  (B raw n and F r i d o v i c h  1980) an d

t h a t  o f  d e l t a  s i n g l e t  o x y g en  ( ^ A - O - )  a s  2 m ic r o  s e c o n d s  (K asha  and
5  —

Khan 1970, F o o te  1976).  The m a j o r i t y  o f  m e th o d s  d e v i s e d  f o r  t h e i r  

measurement (Table 9) a r e  th u s  i n d i r e c t  and depend on th « .d e te c t io n  o f  

an oxygen r a d i c a l  r e a c t i o n  p ro d u c t  r a t h e r  th an  o f  th e  r a d i c a l  i t s e l f .  

No m ethod  h a s  y e t  b e e n  fo u n d  f o r  t h e  d i r e c t  m e a su re m e n t  o f  o x y g en  

r a d i c a l  p ro d u c t io n  i n  v ivo .

I n  o r d e r  t o  s e l e c t  a  s y s t e m  f o r  m o n i t o r i n g  t h e  p r o d u c t i o n  o f  

oxygen r a d i c a l s  by r e s t i n g  and s t i m u l a t e d  PMN in  v i t r o ,  w hich w ould 

a l l o w  f u r t h e r  i n v e s t i g a t i o n  o f  t h e i r  r o l e  i n  t h e  p a t h o g e n e s i s  o f  

rheum ato id  a r t h r i t i s ,  th e  a v a i l a b l e  methods (Table  9) were e v a lu a te d  

a cc o rd in g  t o  th e  fo l lo w in g  c r i t e r i a : -

(a )  I s  t h e  m e thod  c o m p a t i b l e  w i t h  ( i . e .  n o t  t o x i c  t o )  l i v i n g  

c e l l s  ?

(b) I s  i t  s u f f i c i e n t l y  s e n s i t i v e  t o  m easure th e  p ro d u c t io n  o f  

oxygen r a d i c a l s  i n  th e  m icrom olar to  nanoraolar ran g e?

(c )  I s  th e  method s p e c i f i c  f o r  th e  d e t e c t i o n  o f  any i n d i v i d u a l  

r a d i c a l ( s ) ,  and i f  so which?

(d) Can i t  c o n t i n u o u s l y  m o n i t o r  t h e  t i m e  c o u r s e  o f  o x y g en  

r a d i c a l  p ro d u c t io n  by PMN?
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(e )  Does th e  method a c t  a s  a  t r u e  i n d i c a t o r ?

M easurements o f  e l e c t r o n  p a ra m a g n e t ic  resonance  (EPR) d e t e c t  th e  

m a g n e t i c  moment o f  t h e  u n p a i r e d  e l e c t r o n  o f  a f r e e  r a d i c a l ,  t h e  

p r a c t i c a l  lo w er  l i m i t  o f  d e t e c t i o n  b e ing  1̂ uM (Borg 1976). The method 

i s  n o t  s p e c i f i c  f o r  any  on e  r a d i c a l ,  b u t  t h e  h ig h  r e a c t i v i t y  o f  

hydroxyl r a d i c a l  p re v e n t s  i t  from r e a c h in g  s u f f i c i e n t  c o n c e n t r a t i o n  to  

be m e a su re d  by EPR. Even f o r  t h e  d e t e c t i o n  o f  o t h e r  l e s s  r e a c t i v e  

oxygen r a d i c a l s  by t h i s  sy s te m ,  t h e i r  r a t e  o f  d isa p p e a ra n c e  has  to  be 

s low ed by r a p id  f r e e z i n g  o r  l y o p h i l i z a t i o n .  The te c h n iq u e  i s  f u r t h e r  

l i m i t e d  by th e  c o n c e n t r a t i o n  o f  r a d i c a l  p r e s e n t  b e f o r e  f r e e z i n g  and  

t h e  l e n g t h  o f  t i m e  r e q u i r e d  t o  f r e e z e  t h e  s a m p le  ( B o l t o n ,  B o rg  and  

Sw artz  1972). W hile t h i s  method can a c t  a s  a t r u e  i n d i c a t o r  o f  oxygen 

r a d i c a l s  i t  c a n n o t  be u s e d  f o r  c o n t i n u o u s  m o n i t o r i n g  o f  t h e i r  

p ro d u c t io n  by PMN.

Some o f  th e s e  p rob lem s can be overcome by e l e c t r o n  s p in  re so n en ce  

(ESR) i n  w h ic h  t h e  n e c e s s i t y  f o r  f r e e z i n g  i s  o v e rco m e  by u s e  o f  a 

' s p i n - t r a p '  -  a compound which fo rm s a s t a b l e  f r e e  r a d i c a l  by r e a c t i n g  

c o v a le n t ly  w ith  an u n s ta b le  f r e e  r a d i c a l .  N i t ro n e s  a r e  th e  s p in  t r a p s  

u s u a l l y  u s e d  t o  d e t e c t  C>2*"” and  OH*, w i t h  w h ic h  t h e y  r e a c t  a t  room 

te m p e ra tu r e  to  produce n i t r o x i d e  s p i n  a d d u c t s  (Wargon and  W i l l i a m s ,

1973). A p o t e n t i a l  problem  w i th  s p in  t r a p p in g  i n  b i o l o g i c a l  sy s te m s  

i s  th e  r e d u c t io n  o f  th e  n i t r o x i d e  t o  i t s  hydroxy1-am ine (which c an n o t 

be  d e t e c t e d  by EPR) by  s u l p h y d r y l  g r o u p s ,  a s c o r b i c  a c i d  o r  

m i to c h o n d r ia l  e l e c t r o n  t r a n s p o r t  c h a in s  (Rosen and Raukman, 1984).

W hile t h e r e  i s  a g r e a t  d e a l  o f  c o n t ro v e r s y  abou t th e  i n t e n s i t y  o f  

t h e  a b s o r p t i o n ,  t h e r e  i s  no d o u b t  t h a t  O2 *” d o es  a b s o r b  l i g h t  

m ax im ally  i n  th e  u l t r a v i o l e t  240-260nm range .  There a r e  c o n f l i c t i n g  

r e p o r t s  i n  t h e  l i t e r a t u r e  a s  t o  w h e t h e r  s u p e r o x i d e  ( 0 p m~ )  and
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perhydroxy (H02) io n s  have d i f f e r e n t  s p e c t r a  o r  w ave leng ths  and a s  to  

w hether  su p ero x id e  p o s s e s s e s  an a b s o r p t io n  band i n  th e  v i s i b l e  r e g io n  

(Czapski, 1971). U l t r a v i o l e t  a b s o r p t io n  i s  o f  co u rse  o n ly  u s e f u l  in  

t h e  a b s e n c e  o f  i n t e r f e r i n g  c h ro ra o p h o re s  s u c h  a s  p r o t e i n s  and  i s  

t h e r e f o r e  n o t  s u i t a b l e  f o r  th e  d e t e c t i o n  o f  oxygen r a d i c a l s  i n  a  whole 

c e l l  system .

I n  t h e  d e t e c t i o n  o f  o xygen  r a d i c a l s  by o x i d a t i o n / r e d u c t i o n  

r e a c t i o n s ,  t h e  p r o d u c t  o f  t h e  r e a c t i o n  b e tw e e n  t h e  r a d i c a l  and  an  

added  c h e m ic a l  i s  m e a s u re d  r a t h e r  t h a n  t h e  r a d i c a l  i t s e l f .  W hat i s  

g a in e d  by s p e c i f i c i t y  o f  t h e  r e a c t o n  i s  f r e q u e n t l y  l o s t  by t h e  

c h e m i c a l s  ' s c a v e n g i n g '  o f  t h e  o xygen  r a d i c a l  i n  q u e s t i o n  w i t h  

r e s u l t a n t  d i s t o r t i o n  o f  th e  PMN o x y g en  r a d i c a l  g e n e r a t i n g  p a t h w a y s .  

T h ese  s y s t e m s  o f  oxygen  r a d i c a l  d e t e c t i o n  t h u s  do n o t  e m p lo y  ' t r u e  

i n d i c a t o r s '  and  f u r t h e r m o r e  t h e  r e q u i r e m e n t  f o r  d e t e c t i o n  o f  t h e  

r e a c t i o n  p roduc t  s p e c t r o s c o p i c a l l y  i n  c e l l  f r e e  s u p e r n a ta n t  p r e v e n ts  

t h a t  u se  a s  c o n t i n u o u s  m o n i t o r  o f  o x y g e n  r a d i c a l  p r o d u c t i o n .  

N e v e r th e le s s  in c lu d e d  under t h i s  head ing  a r e  th e  t h r e e  m ethods which 

have  been  u se d  m o s t  com m only t o  d e t e c t  t h e  p r o d u c t i o n  o f  r e a c t i v e  

o xygen  m e t a b o l i t e s  by s t i m u l a t e d  PMN, n a m e ly  d e t e c t i o n  o f  0 2 *” by 

n i t r o  b lu e  t e t r a z o l u im  r e d u c t io n  (Beauchamp and F r id o v ic h  1971) o r  by 

f e r r i  cytochrom e c r e d u c t io n  (Land and Swallow 1971) and d e t e c t i o n  o f  

H20 2 by o x i d a t i o n  o f  s c o p o l e t i n  (R oo t e t  a l  1975). I n  a d d i t i o n  OH* 

c a n  be  d e t e c t e d  f o l l o w i n g  i t s  r e a c t i o n  w i t h  m e t h i o n a l  o r  

k e to m e th y l th io b u ty r i c  a c id  t o  form e th y le n e  (Tauber and B ab io r ,  1977) 

o r  by i t s  r e a c t i o n  w i th  d im e th y l  su lp h o x id e  t o  form methane (Repine e t  

a l  1974).

As a c o n s e q u e n c e  o f  t h e  d i f f i c u l t i e s  i n h e r e n t  i n  a t t e m p t i n g  t o  

m easure oxygen r a d i c a l s  in  v iv o ,  a v a r i e t y  o f  a s s a y s  have been d e v ise d  

t o  m e a s u re  s t a b l e ,  n a t u r a l l y  o c c u r r i n g  p r o d u c t s  o f  o x y g en  r a d i c a l
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r e a c t i o n s  s u c h  a s  t h o s e  r e s u l t i n g  f ro m  l i p i d  p e r o x i d a t i o n  (1 .2 .3)>  

m easured by t h e i r  r e a c t i o n  w i th  t h i o b a r b i t u r i c  a c id  (G u t te r id g e  e t  a l

1974) o r  d ie n e  c o n j u g a t i o n  a b s o r b a n c e  d e t e c t e d  by v i s i b l e  o r  u l t r a  

v i o l e t  f lu o re s c e n c e  (Lunec e t  a l  1981).

Chem ilum inescence i s  th e  e m is s io n  o f  l i g h t  d u r in g  th e  c o u rse  o f  a  

c h e m i c a l  r e c t i o n  and  i m p l i e s  t h e  p r e s e n c e  o f  e n e rg y  r i c h  m o l e c u l a r  

s t a t e s  ( s u c h  a s  r e a c t i v e  o x y g en  m e t a b o l i t e s )  i n  w h ic h  e l e c t r o n s  

occupying o r b i t a l s  o f  h ig h e r  th a n  ground s t a t e  energy e m i t t  l i g h t  upon 

r e l a x a t i o n .

Endogenous c e l l u l a r  ch em ilu m in escen ce  r e f e r s  to  th e  'low  l e v e l ' ,  

'd im ' o r  ' u l t r a  w eak' c h e m ilu m in e s c e n c e  p ro d u c e d  by r e s p i r i n g  h i g h e r  

p l a n t  and an im al c e l l s  and i s  d i s t i n g u i s h e d  from th e  more e f f e c t i v e  

l u c i f e r i n / l u c i f e r a s e  s y s t e m s  fo u n d  i n  t h e  s p e c i a l i s e d  o r g a n s  o f  

l u m i n e s c e n t  o r g a n i s m s  s u c h  a s  t h e  f i r e f l y  ( S e l i g e r  1975).  I n  1961 

Tarusov and co -w o rk ers  d em o n s tra te d  t h a t  mouse l i v e r  i n  s i t u  produced 

a v e r y  weak l i g h t  e m i s s i o n ,  n o t  v i s i b l e  t o  t h e  human ey e  b u t  

d e t e c t a b l e  w i t h  a s e n s i t i v e  p h o t o m u l t i p l i e r  c o n n e c t e d  t o  a p h o to n  

c o u n t i n g  d e v i c e .  T h ese  o b s e r v a t i o n s  w e re  l a t e r  e x t e n d e d  t o  b r a i n ,  

m u s c l e ,  i n t e s t i n e ,  t i s s u e  h o m o g e n a te s  an d  l i p i d  e x t r a c t s  (T a r u s o v  

1962). F o llo w in g  th e  d e m o n s t ra t io n  by A lle n ,  S t je rn h o lm  and S t e e l e  i n  

1972 t h a t  phagocy tosing  PMN a l s o  chera ilum inesce  , t h e s e  c e l l s  have 

been th e  most w id e ly  s tu d ie d  so u rce  a l th o u g h  m onocytes, m acrophages,  

e o s i n o p h i l s ,  p l a t e l e t s ,  s e m i n a l  v e s i c l e s ,  m i t r o c h o n d r i a  a n d  

s u b m i t o c h o n d r i a l  p a r t i c l e s  h ave  b e e n  show n t o  c h e m i lu m in e s c e :  

(N e lso n  e t  a l  1976, M i l l s  e t  a l  1978, Jo w a ,  F i s h e r  and  F o rm an  1980 , 

Cadenas e t  a l  1980, M a rn e t t ,  Wlodawer and Sam uelsson 1974).

The en d o g e n o u s  c h e m i l u m i n e s c e n c e  o f  s t i m u l a t e d  PMN c a n  be 

c o r r e l a t e d  w i t h  t h e  i n c r e a s e d  o x y g e n  c o n s u m p t i o n  and  h e x o s e  

monophosphate shun t a c t i v a t i o n  o f  th e  r e s p i r a t o r y  b u r s t  (A llen  e t  a l
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1972, S te v e n s  and  Young 1977).  The c h e m i l u m i n e s c e n c e  i s  oxygen  

dependent and i s  p a r t i a l l y  i n h i b i t e d  by su p e ro x id e  d is m u ta s e ,  c a t a l a s e  

o r  a z i d e  (R osen  and  K l e b a n o f f  1976) i n d i c a t i n g  a  d e p e n d e n c e  on b o th  

s u p e r o x i d e  a n io n  and  m y e l o p e r o x i d a s e  r e l a t e d  o xygen  m e t a b o l i t e  

p ro d u c t io n .

I t  i s  n o t  k n o w n ,  h o w e v e r ,  w h e t h e r  PMN e n d o g e n o u s  

c h e m i lu m in e s c e n c e  a r i s e s  f ro m  t h e  p r e s e n c e  o f  o x y g en  r a d i c a l s  and  

o th e r  r e a c t i v e  oxygen m e ta b o l i t e s  p e r  se  (and i f  so , w h ich?) ,  o r  from 

t h e  r e a c t i o n  o f  t h e s e  s p e c i e s  w i t h  a v a i l a b l e  o r g a n i c  s u b s t r a t e s  t o  

fo rm  e l e c t r o n i c a l l y  e x c i t e d  m o l e c u l e s .  The o r i g i n a l  s u g g e s t i o n  o f  

A l l e n  e t  a l  (19 7 2 )  t h a t  PMN c h e m i l u m i n e s c e n c e  r e s u l t e d  f rom  t h e  

r e l a x a t i o n  o f  s i n g l e t  oxygen to  t r i p l e t  oxygen, o r  from th e  fo rm a t io n  

o f  e x c i te d  ca rb o n y ls  c leav ed  from d io x e ta n e s  g e n e ra te d  by r e a c t i o n  o f  

s i n g l e t  oxygen  w i t h  c a r b o n  d i o x i d e  b o n d s ,  h a s  s i n c e  b e e n  p a r t l y  

d i s c r e d i t e d  on b o th  s p e c t r o s c o p i c  (C heson  e t  a l  1976) and c h e m i c a l  

grounds (Jo hnston  and Lehmeyer 1977).

The b ro a d  s p e c t r u m  o f  e m i t t e d  l i g h t  (C heson  e t  a l  1976) d o e s  

however su p p o r t  th e  h y p o th e s i s  t h a t  PMN endogenous ch em ilu m in escen ce  

may r e s u l t  f rom  r e a c ^ b o n  o f  O2*” an d  e x c i t a b l e  o r g a n i c  s u b s t r a t e s  

( p o s s i b l y  c o n t a i n e d  w i t h i n  t h e  s t i m u l a t i n g  p a r t i c l e )  t o  fo rm  an  

e x c i t e d  i n t e r m e d i a t e  ( s u c h  a s  an  e p o x i d e )  w h ic h  e m i t t s  l i g h t  on 

d e c a y in g  (Hamman and  S e l i g e r  1976, C heson  e t  a l  1976).  S t a u f f ,  

S a u n d e r  a n d  J a e s c h k e  ( 1 9 7 3 )  f o u n d  t h a t  t h e  w e a k  b l u e - g r e e n  

chem ilum inescence  observed  i n  some sy s tem s  was g r e a t l y  d e c re a se d  by 

e x c l u s i o n  o f  c a r b o n  d i o x i d e ,  i t  was s u b s e q u e n t l y  p r o p o s e d  t h a t  OH* 

fo rm e d  by t h e  i n t e r a c t i o n  o f  and  (1 .2 .2 )  may r e a c t  w i t h

c a r b o n a t e s  t o  fo rm  c a r b o n a t e  r a d i c a l s  w h ic h  t h e n  d i m e r i s e  t o  y i e l d  

e l e c t r o n i c a l l y  e x c i t e d  s p e c ie s  (Hodgson and F r id o v ic h  1976).

W h i l s t  m e a s u re m e n t  o f  PMN endogenous chem ilum inescence  c a n n o t ,

89



t h e r e f o r e ,  be u se d  t o  m o n i t o r  t h e  p r o d u c t i o n  o f  s p e c i f i c  oxygen  

r a d i c a l s ,  i t  can  p r o v i d e  a  c o n t i n u o u s  m o n i t o r  o f  t h e  r a t e  o f  

p ro d u c t io n  o f  oxygen r a d i c a l s  w hich i s  s e n s i t i v e  and n o t  to x i c .  The 

s e n s i t i v i t y  c a n  be  i n c r e a s e d  1000  f o l d  by t h e  u s e  o f  a 

chem ilum inescence  p robe  such  lu m in o l  (5 -  amino -  2,3 -  d ih y d ro  -  1,4 

-  p h t h a l a z i n e d i o n e )  o r  l u c i g e n i n  ( 1 0 ,  10 ' -  d i m e t h y l  -  9 ,9 "  -

b ia c r id in u m  d i n i t r a t e )  which e m i t t  l i g h t  upon r e a c t i o n  w ith  p ro d u c ts  

o f  t h e  PMN r e s p i r a t o r y  b u r s t .  I n  t h e  c o n c e n t r a t i o n s  r e q u i r e d  t h e s e  

su b s ta n c e s  a r e  n o t  t o x i c  t o  c e l l s  and t h e i r  g r e a t e r  s e n s i t i v i t y  a l lo w s  

th e  use o f  s m a l l e r  numbers o f  PMN in  a s sa y  sy s tem s .  Luminol dependent 

c h e m i l u m i n e s c e n c e  w a s  s e l e c t e d  a s  t h e  m e th o d  o f  c h o i c e  f o r  

i n v e s t i g a t i o n  o f  th e  scope o f  oxygen r a d i c a l  p ro d u c t io n  in  t h i s  t h e s i s .

1 .4 .2  PMN lum ino l dependen t chem ilum inescence

L igh t e m is s io n  r e s u l t i n g  from o x id a t io n  o f  th e  p h th a la z in e  d io n e ,  

lu m in o l  in  a l k a l i n e  s o l u t i o n s  o f  was f i r s t  d e s c r ib e d  by A lb re c h t

(1928). The mechanism o f  i t s  d io x y g e n a t io n  v i a  a  c y c l i c  p e ro x id e  to  

th e  e l e c t r o n i c a l l y  e x c i t e d  a m in o p h th a l l a t e  a n i o n  w i t h  a c c o m p a n y in g  

l i g h t  em is s io n  (F ig  9) was d e te rm in e d  su b se q u e n t ly  (W hite and R o sw e ll  

1970, Gunderman 1974). As an o x id a t iv e  p ro c e ss  th e  ch em ilu m in escen ce  

o f  l u m in o l  r e q u i r e s  t h e  p r e s e n c e  o f  e i t h e r  O2 o r  HgOg a n d  can  be 

provoked by a v a r i e t y  o f  r a d i c a l s  in c lu d in g  s u p e ro x id e  a n io n ,  h y d ro x y l 

r a d i c a l ,  c a rb o n a te ,  fo rm a te ,  h y p o c h lo r i t e  and p e r s u lp h a t e  (Hodgson and 

F r id o v ic h ,  1973, Puget and M ichelson  1976, Henry and M ichelson  1977). 

Maximum l i g h t  y i e ld s  g e n e r a l ly  occur i n  th e  p re sen ce  o f  a  p e ro x id a s e  

c a t a l y s t  and a t  a l k a l i n e  pH.

D e s p i te  th e  n e u t r a l  pH o f  th e  PMN cy to p lasm  and th e  a c i d i c  pH o f  

i t s  phagolysosom e, lu m in o l  dependent chem ilum inescence  can be m easured  

i n  PMN s t im u la t e d  by bo th  p a r t i c u l a t e  and s o lu b l e  s t i m u l i  (Easmon e t
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a l  1980, H a l l e t t ,  L u z io  an d  C a m p b e l l  1981). As w i t h  e n d o g e n o u s  

c h e m i lu m in e s o e n c e ,  l u m i n o l  d e p e n d e n t  PMN o h e m i lu m in e s c e n c e  i s  

p a r t i a l l y  i n h i b i t e d  by su p e ro x id e  d ism u ta s e  and a z id e  (H atch, G ardner 

and Menzel 1978) and i t  i s  n o t  known w hich r e a c t i v e  oxygen m e ta b o l i t e s  

produced as  a  consequence o f  th e  PMN r e s p i r a t o r y  b u r s t  a r e  r e s p o n s ib l e  

f o r  i t s  o x i d a t i o n .  L u m in o l  ( m o l e c u l a r  w e i g h t  177.2) c a n  d i f f u s e  

r e a d i l y  a c ro s s  c e l l  membranes ( A l l r e d ,  M a rg e t t s  and H i l l ,  1980)and be 

ta k e n  up d u r in g  p h a g o c y to s is .  The p ro p o r t i o n  o f  PMN lu m in o l  dependent 

ohem ilum inescence  provoked by oxygen r a d i c a l s  r e l e a s e d  e x t r a c e l l u l a r l y  

by PMN i s  t h e r e f o r e  n o t  known.

The c h i e f  a d v a n t a g e  o f  l u m i n o l  dependent PMN chem ilu m in escen ce  

o v e r  en d o g e n o u s  c h e m i l u m i n e s c e n c e  i s  i t s  i n c r e a s e d  s e n s i t i v i t y .  

F u r th e r ,  i t s  low quantum y i e l d  (Lee and S e l i g e r  1965) a l lo w s  lu m in o l  

to  a c t  as  a t r u e  i n d i c a t o r ,  th u s  p r e v e n t in g  s i g n i f i c a n t  d i s t o r t i o n  o f  

th e  r e a c t i v e  oxygen m e ta b o l i t e  p o p u la t io n  produced by s t i m u l a t e d  PMN 

(Campbell e t  a l  1985).

F o u r  o f  t h e  o r i g i n a l  f i v e  c r i t e r i a  (1 .4 .1 )  f o r  a  s a t i s f a c t o r y  

m o n i to r  o f  oxygen r a d i c a l  p ro d u c t io n  by s t im u la t e d  PMN a r e  t h e r e f o r e  

p rov ided  by lu m in o l  dependent chem ilum inescence  which o f f e r s  a  non 

t o x i c ,  s e n s i t i v e ,  c o n t i n u o u s  m e th o d  i n  w h ic h  l u m i n o l  a c t s  a s  a t r u e  

i n d i c a t o r .  The w ork  o f  t h i s  t h e s i s  w as com menced i n  O c to b e r  1981, 

however, i n  th e  sangu ine  knowledge t h a t  i n t e r p r e t a t i o n  o f  PMN lu m in o l  

dependent chem ilum inescence  would be co m p lic a te d  n o t on ly  by i t s  la c k  

o f  s p e c i f i c i t y  b u t  a l s o  by i t s  s u s c e p t i b i l i t y  t o  a l a r g e  n u m b e r  o f  

en v iro n m en ta l  v a r i a b l e s  (Table 10).

T h e  c o l l e c t i v e  e x p e r i e n c e  o f  PMN l u m i n o l  d e p e n d e n t  

chem ilum inescence  d id  n o t  ex tend  back more th a n  seven y e a r s .  E a r ly  

e x p e r i m e n t s  had  b een  p e r f o r m e d  w i t h  PMN s u s p e n d e d  i n  d a r k  a d a p t e d  

v i a l s  a t  room  t e m p e r a t u r e  w i t h  l i g h t  e m i s s i o n  d e t e c t e d  by t h e
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TABLE 10

PMN Luminol dependent oherailumlnesoenoe 

Environmental Variables

Type of Variable P articular Variable Reference

1. Detector S o in tilla tion  counter Webb e t a l C1971*)

Rosen and KlebanofT (1976)

Commercial luminometer Easmon e t a l (1980)

Home b u ilt luminometer H allett e t a l  (1981)

2. PMN preparation Source and speoies Harvath e t a l (1978)

Conditions of isolation Andersen and Amirault (1979)

Purity Easmon e t a l (1980)

Andersen and Brendzel (1978) 

Van Dyke e t a l (1978)

Easmon e t a l  (1980)

Cell Storage Easmon e t a l (1980)

3. Chemiluminescenoe 
assay conditions

Cell-stimulus ra tio Helson e t a l (1977) 
Easmon e t a l (1980)

Temperature
Oxygenation and mixing Andersen and Brendzel (1978)

• Hedium -  phenol red Nelson e t a l (1977)

pH Bastings e t a l  (1982)

Ca2+ +Mg2+ Andersen and Amirault (1979) 
H allett e t a l ( I 98I)

Oluoose Jowa e t a l  (1980)

Protein Andersen and Amirault (1979)

Amino adds Nelson e t a l (1977)
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p h o to m u l t i p l i e r  tube  o f  a l i q u i d  s c i n t i l l a t i o n  c o u n te r  s e t  in  th e  'o u t  

o f  c o i n c i d e n c e '  mode (Webb e t  a l  1974, R osen  and  K l e b a n o f f  1976).  

M easurements were n e c e s s a r i l y  i n t e r r u p t e d ,  o f t e n  s e p a r a te d  by s e v e r a l  

m in u te s ,  and th e  m agnitude o f  lu m in o l  dependent chem ilum inescence  was 

d e c r e a s e d  by t h e  u n p h y s i o l o g i c a l l y  lo w  t e m p e r a t u r e s .  C a u t i o n  was 

th e r e f o r e  r e q u i r e d  i n  th e  i n t e r p r e t a t i o n  o f  d a ta  o b ta in e d  from th e s e  

ex p e r im en ts  when compared w i th  t h a t  ga in ed  by l a t e r  w orkers  who used 

c o m m e r c i a l l y  a v a i l a b l e  o r  home b u i l t  ' l u m i n o m e t e r s ' ( A n d e r s e n  and  

A m e ra u l t  1979, Easmon e t  a l  1980, H a l l e t t  e t  a l  1981) a t t a c h e d  t o  

c h a r t  r e c o r d e r s  which w ere o f t e n  com puter l i n k e d ,  a l lo w in g  c o n t in u o u s  

m o n i to r in g  o f  PMN chem ilum inescencce  a t  37°C.

There was th u s  a need n o t  o n ly  f o r  s t a n d a r d i s a t i o n  o f  th e  ty p e  o f  

a p p a ra tu s  used  bu t a l s o  o f  th e  c o n c e n t r a t i o n s  o f  th e  numerous medium 

v a r i a b l e s  w h ic h  had b een  show n t o  e n h a n c e  o r  i n h i b i t  PMN l u m i n o l  

d e p e n d e n t  c h e m i lu m in e s c e n c c e  ( T a b le  10). I t  w ou ld  be i m p o r t a n t  t o  

d e t e r m i n e  w h e th e r  s u c h  v a r i a b l e s  e x e r t e d  t h e i r  e f f e c t  on t h e  

p r o d u c t i o n  o f  oxygen  r a d i c a l s  by PMN p e r  s e ,  on  t h e  o x i d a t i o n  o f  

lu m in o l ,  o r  on th e  a m in o p h th a l la t e  an ion .

1 .5  The Problems

B efore  th e  work o f  t h i s  t h e s i s  began th e  p u ta t i v e  r o l e  f o r  oxygen 

r a d i c a l s  i n  th e  p a th o g e n e s is  o f  rh eu m a to id  a r t h r i t i s  h inged  upon th e  

a v a i l a b i l i t y  o f  t h e s e  h i g h l y  r e a c t i v e  m o i e t i e s  f o r  e x t r a c e l l u l a r  

t i s s u e  damage. Any e x t r a c e l l u l a r  p re se n c e  o f  oxygen r a d i c a l s  in  t h e  

d i s e a s e  m u s t ,  h o w e v e r ,  be a f u n c t i o n  n o t  o n ly  o f  t h e i r  r e l e a s e  by 

s t i m u l a t e d  p h a g o c y t e s  b u t  o f  t h e i r  s c a v e n g i n g  by p h y s i o l o g i c a l  o r  

p h a r m a c o l o g i c a l  a g e n t s .  As r e v i e w e d  i n  t h e  p r e c e d i n g  s e c t i o n s ,
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ev idence  had been p ro v id ed  f o r : -

(a )  t h e  p r o d u c t i o n  o f  o xygen  r a d i c a l s  and o t h e r  r e a c t i v e  oxygen  

m e ta b o l i t e s  by s t i m u l a t e d  PMN (1 .2 .2 ,  1 .2 .3 ) .

(b) t h e  p r e s e n c e  o f  PMN and  known s t i m u l i  o f  t h e  PMN ' r e s p i r a t o r y  

b u r s t '  a t  i n t r a -  and e x t r a - a r t i c u l a r  s i t e s  o f  d i s e a s e  a c t i v i t y  in  

r h e u m a t o i d  a r t h r i t i s  ( 1 .3 .1 ,  1 .2 .2 ) .

(c )  t h e  o c c u r r e n c e  i n  p a t i e n t s  w i t h  r h e u m a t o i d  a r t h r i t i s  o f  

b i o c h e m i c a l  a n d  m o r p h o l o g i c a l  c h a n g e s  t o  c e l l  w a l l s  and 

e x t r a c e l l u l a r  m o lecu le s  c o m p a t ib le  w i t h  i n  v iv o  o x y g en  r a d i c a l  

dam age (1 .2 .3 ,  1 .3 .2 ) .

and

(d) p o s s i b l e  p r e v e n t i o n  o f  g e n e r a t i o n  o r  p r o p a g a t i o n  o f  oxygen  

r a d i c a l s  by a n t i - in f la m m a to ry  and a n t i r h e u m a t ic  d rugs  ( 1 . 3 . 3 ) .

T h re e  b a r r i e r s  t o  t h e  e s t a b l i s h m e n t  o f  oxygen  r a d i c a l s  a s  

i m p o r t a n t  m e d i a t o r s  o f  t i s s u e  dam age i n  p a t i e n t s  w i t h  r h e u m a t o i d  

a r t h r i t i s  rem ained : -

(a )  t h e r e  had b een  no d i r e c t  d e m o n s t r a t i o n  o f  ox y g en  r a d i c a l  

p ro d u c t io n  o r  r e l e a s e  by s t im u la t e d  PMN in  rh eu m a to id  s y n o v ia l  

f l u i d  o r  b lood i n  v ivo o r  i n  v i t r o .

(b) t h e  e x i s t e n c e  and p o te n c y  o f  p h y s i o l o g i c a l  o x y g en  r a d i c a l  

s c a v e n g e r s  i n  se rum  and  s y n o v i a l  f l u i d  had n o t  b e e n  f u l l y  

i n v e s t i g a t e d .

(c )  th e  c o n t r i b u t i o n  o f  oxygen r a d i c a l  scaveng ing  t o  any b e n e f i c i a l  

e f f e c t s  o f  a n t i  in f la m m a to ry  o r  a n t i  rh e u m a t ic  d rugs  in  v ivo  had 

n o t  been d e f in e d .

1.6  Aims o f  t h i s  T h es is

The o v e r a l l  aim o f  t h i s  t h e s i s  was to  p ro v id e  d i r e c t  ev id en ce  o f  

oxygen  r a d i c a l  p r o d u c t i o n  by p o l y m o r p h o n u c l e a r  l e u k o c y t e s  i n



r h e u m a to id  a r t h r i t i s  and  t o  i d e n t i f y  an y  m a jo r  p h y s i o l o g i c a l  and  

p h arm aco log ica l s c a v e n g e r s .

The s p e c i f i c  aims were t h u s : -

(a )  t o  d e t e r m i n e  w h a t  p r o p o r t i o n  o f  oxygen  r a d i c a l s  g e n e r a t e d  by 

s t im u la t e d  PMN o ccu r  e x t r a c e l l u l a r l y  and may th u s  be a v a i l a b l e  to  

damage th e  su r ro u n d in g  t i s s u e  m a tr ix

(b) to  examine rh eu m a to id  serum and s y n o v ia l  f l u i d  f o r  th e  p re sen ce

o f  ( i )  s t i m u l i  o f  PMN oxygen r a d i c a l  p ro d u c t io n

( i i )  n a t u r a l l y  o c c u r r in g  oxygen r a d i c a l  s c av en g e rs

(c )  t o  i n v e s t i g a t e  th e  chem ica l  b a s i s  o f  th e  p r i n c i p a l  p h y s io lo g i c a l  

e x t r a c e l l u l a r  oxygen r a d i c a l  sc a v e n g e rs

(d) t o  e x a m in e  t h e  e f f e c t s  o f  com m only u s e d  a n t i  i n f l a m m a t o r y  an d  

a n t i  rh e u m a t ic  drugs on th e  g e n e ra t io n  and scaveng ing  o f  oxygen 

r a d i c a l s  produced by s t im u la t e d  PMN

I n  o r d e r  t o  a c h i e v e  t h e s e  a i m s  l u m i n o l  d e p e n d e n t

c h e m i lu m in e s c e n c e  was c h o s e n  a s  a s e n s i t i v e ,  c o n t i n u o u s  m o n i t o r  o f

oxygen  r a d i c a l s  by i n t a c t  PMN p r e p a r a t i o n  (1 .4 .2 ) .  To com m ence t h e  

work i t  was f i r s t  n e c e s sa ry

(a )  t o  develop  methods f o r  th e  i s o l a t i o n  o f  PMN from whole b lood  and 

s y n o v ia l  f l u i d

(b) t o  c h a r a c t e r i s e  th e  lu m in o l  chem ilum inescence  o f  norm al human PMN 

f o l l o w i n g  t h e i r  e x p o s u r e  i n  v i t r o  t o  s o l u b l e  and  i n s o l u b l e  

p h ag o cy t ic  and ch em o tac tic  s t i m u l i .
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2.1 M a te r i a l s

2 .1 .1  R a d i o c h e mi c a l s : f r o m  A m ersham  I n t e r n a t i o n a l  L i m i t e d ,

Amersham, B uckingham sh ire ,  U.K.

[ 3H] I n u l i n

S p e c i f i c  a c t i v i t y  904 mCi/mmol

2 .1 .2  E nzym es: f ro m  S igm a C h e m i c a l  C om pany  L i m i t e d ,  P o o l e ,  

D o r s e t ,  U.K.

X anthine O xidase (x a n th in e :  oxygen o x id o re d u c ta s e  EC 1.2.3.2) One 

u n i t  w i l l  c o n v e r t  Ipmole o f  x a n th in e  t o  u r i c  a c id  p e r  m inu te  a t  pH 7.5 

a t  25°C. G rade IV f ro m  m i l k  s u s p e n s i o n  i n  2.3M(NHi|)2 S02j c o n t a i n i n g  

sodium s a l i c y l a t e  a c t i v i t y  a p p ro x im a te ly  0.1 u n i t  p e r  mg p r o t e i n .

M icro p ero x id ase  MP 11 sodium s a l t  from equ ine  h e a r t  cy tochrom e c.

Superoxide d is m u ta se  ( s u p e r o x id e :  s u p e r o x i d e  o x i d o r e d u c t a s e  EC 

1.15.1.1) 3200 u n i t s /m g  (assayed  p e r  McCord and F r id o v ic h  1969).

C a ta la s e  (HoOgiH^Oo o x id o r e d u c ta s e  EC 1 .1 1 .1 .6 ) .  One S igm a u n i t  

w i l l  decompose Ijnmole H202 per* m inu te  a t  pH 7.0 a t  25°C w h i le  t h e  H202 

c o n c e n t r a t io n  f a l l s  from 10.3 t o  9*2 jim oles  p e r  ml o f  r e a c t i o n  mix.

2 .1 .3  Chemicals

(a )  From Sigma Chemical Company L im ite d ,  P o o le ,  D o r s e t ,  U.K. 

adenos ine  5 '  -  t r i p h o s p h a te  (ATP)

n ic o t in a m id e  aden ine  d in u c l e o t i d e  (reduced  form) (NADH) 

c y to c h a la s in  B from H elm in thosporium  dematiodeum d e x t ra n  (produced  by 

l e u c o n o s t o c  m e s e n t e r o i d e s )  a p p r o x i m a t e  a v e r a g e  m o l e c u l a r  w e i g h t  

70 ,000.

d i t h i o b i s  2 n i t r o b e n z o ic  a c id  (DTNB)
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f i r e f l y  l a n t e r n  e x t r a c t

human gamma g lo b u l in  (Cohn f r a c t i o n  I I )

lum ino l (5 amino, 2 ,  3 d ih y d ro  1, 4 , p h th a la z in e d io n e )

N - f o rm y l - l - m e th io n y l - l - l e u c y  1 -1 -p h e n y la la n in e  (C hem otac t ic  p e p t id e )

sodium p y ru v a te

x a n th in e  (2 ,6 -d ih y d ro x y p u r in e )  

zymosan A (from s . c e r e v i s i a e  y e a s t )

(b) from Armour P h a rm a c e u tic a ls  L im ite d ,  E as tb o u rn e ,  S u ssex ,  U.K. 

bovine serum album in  -  f r a c t i o n  V from bov ine  plasma

(c)  from BDH Chem icals L im ite d ,  P o o le ,  D o r s e t ,  U.K. 

N2- h y d ro x y -e th y lp ip e ra z in e  N'2 e th a n o l  s u lp h o n ic  a c id  (HEPES)

E thy lene  diamino t e t r a  a c e t a t e  d isodium  s a l t  (EDTA)

D im ethyl su lp h o x id e  (DMSO) • p -B is (2 - (5 -p h e n y lo x a z o ly l ) -b e n z in e (P 0 P 0 P )  

N -T ris (hyd roxym ethy l)m ethy l g ly c in e  ( t r i c i n e )

(d) from H oechst,  Hounslow, U.K. 

human serum album in

(e )  from Leo L a b o r a to r ie s  L im ite d ,  Hayes, M idd lesex , U.K.

H eparin  (mucous) i n j e c t i o n  B.P. (1000 1u /m l,  w i th  p r e s e r v a t i v e ) .

( f ) from Pharmacia L im ite d ,  Hounslow, M idd le sex ,  U.K.

F ic o l l -P a q u e  (each 100ml c o n ta in in g  5.7g F i c o l l  400, 9»0g D i a t r i z o a t e  

sodium, e d e t a t e  ca lc ium  d isod ium ).

(g) A m in o - b u ty l - e th y l - i s o - lu m in o l  (ABEI) was s y n th e s i s e d  by Mr. C. J .  

D av ies ,  Research F e l lo w , D epartm ent o f  M edica l B io c h e m is t ry .

(h) f ro m  Dow C h e m ic a l s ,  I n d ia n a p o l i s ,  U.S.A. 1.01yum l a t e x  p a r t i c l e s .  

( ! )  from N uclear  E n t e r p r i s e s  L im ited ,  E d inburgh , S co t la n d
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2 , 5-D ipheny loxazo le  (PPO)

( j )  G enera l l a b o r a to r y  c h e m ic a ls  were a n a l a r  g rade  and were o b ta in e d  

e i t h e r  from B.D.H. C hem icals  L im ite d ,  o r  from Sigma Chem ical Company 

L im ited .  A l l  w a te r  was double  d i s t i l l e d .

2 .1 .4  Drugs

Sodium ib ru p ro fe n  d ih y d ra te

from th e  Boots Company, PLC, N ottingham , U.K.

Sodium indom ethac in  t r i h y d r a t e

fro m  M erck S h a rp  and  Dohme R e s e a r c h  L a b o r a t o r i e s , 

Hoddesdon, H e r t f o r d s h i r e ,  U.K.

F enc lo fenac

from R e c k i t t  and Colman, K ings ton  upon H u l l ,  U.K.

D -p e n ic i l la m in e

from L i l l y  R esearch  C en tre  L im ited ,  Windlesham, S u r re y .

M yocris in  (Disodium a u ro th io m a la te )

from May and Baker L im ited ,  Dagenham, Essex .

A uranofin  ( 2 , 3 , 4 , 6 - T e t r a - o - a c e t y l - l - t h i o -  - D - g l u c o p y r a n o s a t o - s )  

(T r ie th y lp h o s p h in e )  Gold.

from Sm ith , K lin e  and French  L a b o r a to r ie s  L im ite d ,  Welwyn 

Garden C i ty ,  H e r t f o r d s h i r e ,  U.K.

2 .1 .5  Equipment

LP^ tu b e s  Luckham L im ited ,  B urgess  H i l l ,
Sussex ,  U.K.

10ml t e s t  t u b e s ( p l a s t i c )  Brunsw ick, Ballymoney, N .I re la n d

S t e r i l e  U n iv e r s a l  c o n t a in e r s  Alpha L a b o r a to r i e s ,  E a s t l e i g h ,
Hampshire, U.K.
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F lu o r im e te r  tu b e s Samco, Old Woking, S u r re y ,  U.K.

Eppendorf tu b e s  and
S p e c to p h o to m e tr ic  c u v e t t e s  S a r s t e d t  (UK) L im ited ,  L e i c e s t e r .

P r e c i s i o n  o p t i c a l  c e l l s ,  T h e rm a l  S y n d i c a t e  L i m i t e d ,
1m c u v e t t e s  W allsend , Tyne and Wear.

2 .2  Media, B u f fe r s  and S tock  S o lu t io n s  

Media

NaCl l40mM

KC1 5mM

MgCl2 2mM

CaCl2 1raM

Tes 10mM

a d ju s te d  w i th  2MNaOH to  pH 7 .4

Krebs R inger HEPES ( h e r e a f t e r  c a l l e d  'K rebs  Medium')

NaCl 120 .OmM

K Cl 4.8mM

kh2po4 1.2mM

MgS02 1.2mM

CaCl2 1.3mM

HEPES 2 5 .OmM

a d ju s te d  w i th  2M NaOH to  pH 7 .4  

B u f fe r s

Phosphate  B uffe red  S a l in e

D u lb e c c o  'A ' P h o s p h a te  B u f f e r e d  S a l i n e  f rom  O xoid  L i m i t e d ,  

B a s in g s to k e ,  Hampshire.
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Stock S o lu t io n s

Luminol (5 amino 2 ,3 ,  d ih y d ro  1,4 p h th a la z in e d io n e )  10mM i n  DMSO, 

s to r e d  s t a b l y  in  th e  d a rk  f o r  up t o  fo u r  weeks, was d i l u t e d  on th e  day 

o f  ex p e r im en t in  Krebs medium pH 7.4 to  a  f i n a l  c o n c e n t r a t i o n  o f  10jiM 

(0 .1^  DMSO ( v / v ) )  f o r  PMN c h e m i lu m in e s c e n c e  and  100pM f o r  a c e l l u l a r  

chem ilum inescence .

C hem otac tic  p e p t id e  (N f o r  my 1 met l e u  phe) 1mM i n  DMSO, s to r e d  

s t a b l y  a t  -20 °C  f o r  up t o  s i x  m o n th s ,  was d i l u t e d  on t h e  day  o f  

ex p e r im en t in  Krebs medium pH 7.4 to  a  f i n a l  c o n c e n t r a t i o n  o f  0.1-1}iM 

(0.01 -  1% DMSO (v /v ))  f o r  PMN chem ilum inescence  e x p e r im e n ts .

2 .3  S t a t i s t i c s

(a )  S t a n d a r d  D e v i a t i o n  (S.D.) w as c a l c u l a t e d  a c c o r d i n g  t o  t h e

where X  = th e  o b s e rv a t io n

= th e  mean o f  o b s e rv a t io n  

rt = th e  number o f  o b s e rv a t io n s

(b) S tanda rd  E r ro r  o f  Mean (S.E.M.) was c a l c u l a t e d  a c c o r d i n g  t o  

th e  fo rm u la

S.E.M. = S.D.

(c)  S tu d e n ts  t  t e s t s  were used a s  in d i c a te d  to  d e te rm in e  w h e th e r  

m eans o f  tw o  s e t s  o f  o b s e r v a t i o n s  w e re  s i g n i f i c a n t l y  

d i f f e r e n t  assuming unequal v a r i a n c e ,  (Swinscow 1982).

fo rm u la : -

f t
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(d) The c o r r e l a t i o n  c o e f f i c i e n t  ( r )  was c a l c u l a t e d  a c c o rd in g  to  

th e  fo rm ula  ( f o r  two p o p u la t io n s  x and y)

2.4 O r ig in s  o f  whole b lood  and s y n o v ia l  f l u i d  sam ples

Whole b lood 10-30ml n o rm al b lood  was v e n e s e c te d  on r e p e a te d  o c c a s io n s  

from m y se lf  and from 8 h e a l th y  v o lu n t e e r  male and 3 h e a l th y  v o lu n te e r  

fem ale  c o l le a g u e s  from th e  D epartm ent o f  M edica l B io c h e m is t ry  R esearch  

L a b o r a t o r y ,  U n i v e r i s t y  o f  W ales  C o l l e g e  o f  M e d ic i n e ,  and  t h e  

D epartm ent o f  Rheumatology, U n iv e r s i t y  H o s p i ta l  o f  Wales. The mean 

age  f o r  m a le  sub  j e c t s  was 29 .6  + 3*9 y e a r s  (+ SD, n=8) and  w as 27 .3  +

2.5 y r s  (+SD n=4) f o r  fem a le  s u b je c t s .  Blood was n o t  w ithd raw n  f o r  a 

minimum o f  e i g h t  d a y s  f rom  any  s u b j e c t  who had  s u s t a i n e d  a  v i r a l  o r  

b a c t e r i a l  i n f e c t i o n ,  o r  who had  r e c e i v e d  d ru g  t h e r a p y  o f  any  

d e s c r i p t i o n .

F o l l o w i n g  t h e i r  in f o r m e d  c o n s e n t  1 0 -3 0 m l w h o le  b lo o d  was a l s o  

v e n e s e c t e d  f rom  i n - p a t i e n t s  and  o u t - p a t i e n t s  o f  t h e  D e p a r tm e n t  o f  

Rheumatology who had rh eum ato id  a r t h r i t i s  o r  o th e r  a r t h r o p a t h i e s  a s  

in d i c a t e d .

S ynov ia l  f l u i d

W ith  t h e i r  i n f o r m e d  c o n s e n t ,  s y n o v i a l  f l u i d  was o b t a i n e d  f ro m  

p a t i e n t s  w i th  rheum ato id  a r t h r i t i s  o r  o th e r  a r t h r o p a t h i e s ,  a t t e n d i n g  

t h e  D e p a r tm e n t  o f  R h e u m a to lo g y ,  who w e re  u n d e r g o in g  k n e e  j o i n t  

a r t h r o c e n t e s i s  f o r  t h e r a p e u t i c  p u rp o ses .

E t h i c a l  Approval f o r  th e  above was g r a n te d  by th e  D iv is io n  o f  M edic ine

r
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E t h ic a l  Com m ittee, U n iv e r s i t y  H o s p i ta l  o f  Wales.

2 .5  O p so n isa t io n  o f  Zymosan

The method used adop ted  th e  o p t im a l  c o n d i t io n s  f o r  o p s o n i s a t i o n  

o f  zym osan  d e f i n e d  by Easmon e t  a l  (1 9 8 0 ) .  20-50m g o f  zy m o san  w as

suspended in  phospha te  b u f f e r e d  s a l i n e  pH 7.4 a t  20mg/ml i n  a  p l a s t i c  

10ml t e s t  tu b e ,  d ia m e te r  14mm and c e n t r i f u g e d  a t  2500rpm (10OOg) f o r  5 

m in .  The s u p e r n a t a n t  was rem o v e d  and  t h e  p e l l e t  r e s u s p e n d e d  a t  

20mg/ml in  50% (v /v )  no rm al human serum in  phosphate  b u f f e r e d  s a l i n e  

pH 7 .4 . The t e s t  t u b e  w as s e a l e d  and  p l a c e d  i n  a  g e n t l y  s h a k i n g  

w a t e r  b a t h  a t  37°C f o r  30 m in ,  a f t e r  w h ic h  t h e  s u s p e n s i o n  w as 

c e n t r i f u g e d  a t  2500 rpm f o r  5 m in  and  s u p e r n a t a n t  r e m o v e d .  The 

zym osan  p e l l e t  was t h e n  w ashed  i n  p h o s p h a te  b u f f e r e d  s a l i n e  and  

c e n t r i f u g e d  a t  2500rpm  (1000g) f o r  5 m in  on t h r e e  o c c a s i o n s  b e f o r e  

f i n a l  r e s u s p e n s io n  a t  20mg/ml.

The o pson ised  zymosan su sp e n s io n  was s to r e d  f o r  up t o  f i v e  days 

a t  +4°C and resuspended  in  Krebs medium pH 7.4, 20mg/ml, im m e d ia te ly  

p r i o r  t o  u s e  i n  PMN e x p e r i m e n t s .  The se ru m  f o r  o p s o n i s a t i o n  was 

a lw a y s  o b t a i n e d  f rom  t h e  sam e d o n o r  (M.E.H.). 2 0 -4 0 m l v e n o u s  b lo o d

was a l l o w e d  t o  c l o t  a t  room t e m p e r a t u r e  (22°C) f o r  45 m in  and  t h e n  

c e n t r i f u g e d  a t  2500 rpm (1000g) f o r  5 min. The serum s u p e r n a ta n t  was 

removed and s to r e d  in  1ml a l i q u o t s  a t  -70°C f o r  up to  4 months p r i o r  

t o  use  in  th e  o p s o n is a t io n  o f  zymosan.

2 .6  Assay f o r  L a c ta te  Dehydrogenase

T h i s  a s s a y  w as u s e d  t o  a s s e s s  e x t r a c e l l u l a r  r e l e a s e  o f  l a c t a t e  

dehydrogenase a s  an e s t i m a t e  o f  th e  p r o p o r t i o n  o f  n o n -v ia b le  c e l l s  in  

PMN p r e p a r a t io n s .  The method, based on K eid ing  e t  a l  (1974), employed
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th e  fo l lo w in g  r e a c t i o n ;  (2 0 ) .

P y ruva te  + NADH + H+ -------------------> L - l a c t a t e  + NAD+
 ( 2 0 )

l a c t a t e  dehydrogenase 

Three s to c k  s o l u t i o n s  were r e q u i r e d :

S o lu t io n  A 56mM T r i s ,  5.6mM EDTA, pH a d ju s t e d  to  7.4 s to r e d  a t  4°C. 

S o lu t io n  B 13mg NADH i n  100ml S o lu t io n  A.

S o lu t io n  C 13.5mM sodium p y ru v a te .

100|ul o f  c e l l  s a m p le  was c e n t r i f u g e d  a t  10 ,000rpm  i n  an  E p p e n d o r f  

C e n t r i fu g e  f o r  2 min. C e l l  p e l l e t  and s u p e r n a ta n t  w ere s e p a ra te d  and 

th e  c e l l  p e l l e t  was ly se d  by v ig o ro u s  r e s u s p e n s io n  .... i n  10jul

c o l d  d o u b le  d i s t i l l e d  w a t e r .  50jj1 l y s e d  c e l l  p e l l e t  o r  s u p e r n a t a n t  

w as added  t o  1ml s o l u t i o n  B i n  a p l a s t i c  s p e c t r o p h o t o m e t e r  c u v e t t e .  

R eac tion  was i n i t i a t e d  by a d d i t i o n  o f  100jj1 s o l u t i o n  C and c o n t in u o u s  

m o n i to r in g  o f  th e  change in  a b s o r p t io n  a t  340nm r e f l e c t e d  consum ption  

o f  NADH i n  t h e  p r e s e n c e  o f  l a c t a t e  d e h y d r o g e n a s e .  The p e r c e n t a g e  

l a c t a t e  d e h y d r o g e n e s e  i n  t h e  s u p e r n a t a n t  ( i . e  e x t r a c e l l u l a r )  was 

c a l c u l a t e d  by th e  fo l lo w in g  fo rm u la

A S u p e rn a ta n t_____________   x 100%
A ( p e l l e t  + s u p e rn a ta n t )

w h e r e  A = c h a n g e  i n  a b s o r p t i o n  a t  340nm  p e r  m i n u t e .  C e l l

p r e p a r a t i o n s  w ere  c o n s i d e r e d  v i a b l e  i f  t h e  p e r c e n t a g e  o f  l a c t a t e

dehydrogenese in  s u p e rn a ta n t  in c re a s e d  a t  l e s s  th a n  5% p e r  hour.

2 .7  Assay f o r  Adenosine T r i  Phosphate

The m ethod  w h ic h  was b a s e d  on t h a t  o f  W e t te r m a r k  and  S tym ne

(1975) a l lo w ed  e s t i m a t io n  o f  ATP in  th e  range  10 -10 ,OOOpmoles, and was 

u s e d  a s  an  a s s a y  o f  PMN v i a b i l i t y .  1 0 0 u l  a l i q u o t s  o f  PMN i n  K re b s
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medium pH 7.4 (0.3 -  1x10^PMN) w ere p r o t e i n  p r e c i p i t a t e d  by a d d i t i o n  

o f  2 0 j i l  1.8N P e r  c h l o r a c e t i c  a c i d ,  1 0 p l  3M I^CO^ and  1 0 p l  p h o s p h a t e  

b u f f e r  pH 7.5 and  s t o r e d  f o r  a  minim um  o f  12 h o u r s  a t  -7 0 °C  p r i o r  t o  

a s s a y .

S to c k  s o l u t i o n s  ( I )  40mM M g C ^ j  pH 7.4 and  ( I I )  200mM so d iu m  

a r s e n a t e ,  pH 7.4 w ere  p r e p a r e d  and  s t o r e d  a t  +4°C. On t h e  day  o f  

e x p e r i m e n t  5ml s o l u t i o n  ( I )  and  10ml s o l u t i o n  ( I I )  w e re  d i l u t e d  t o  

100ml t o  g iv e  s o l u t i o n  ( I I I )  (2mM MgCl^, 20mM so d iu m  a r s e n a t e ) .  

A pproxim ately  10-20mg o f  f i r e f l y  l a n t e r n  l u c i f e r a s e  e x t r a c t  was added 

to  5ml double d i s t i l l e d  w a te r ,  mixed v ig o ro u s ly  and th e n  c e n t r i f u g e d  

a t  1000g f o r  5 m i n u t e s .  The s u p e r n a t a n t ,  a d d e d  t o  s o l u t i o n  ( I I I )  

formed th e  ' l u c i f e r a s e  s o l u t i o n ' .  To m easure ATP 10yul o f  s u p e r n a ta n t  

from th e  p r o t e i n  p r e c i p i t a t e d  c e l l  s o l u t i o n  was p la c e d  on th e  w a l l  o f  

an  LPg tu b e  c o n t a i n i n g  1ml ' l u c i f e r a s e  s o l u t i o n ' .  A s t o p w a t c h  was 

s t a r t e d ,  th e  c o n te n ts  o f  th e  LP^ tu b e  was p la c e d  in  th e  sam ple hous ing  

o f  lu m in o m e te r  'A ' o r  'B ' ( s e e  n e x t  s e c t i o n )  and  r o t a t e d  i n  f r o n t  o f  

t h e  p h o t o m u l t i p l i e r  tu b e  a p e r t u r e  a s  t h e  s t o p w a t c h  r e g i s t e r e d  10 

s e c o n d s .  C h e m i lu m in e s c e n c e  c o u n t s  o v e r  t h e  s u b s e q u e n t  10 s e c  w e re  

th e n  reco rd ed .  The a s sa y  was c a l i b r a t e d  u s in g  10pl a l i q u o t s  o f  an ATP 

s o l u t i o n  o f  known c o n c e n t r a t i o n  (1mM ATP i n  d o u b le  d i s t i l l e d  w a t e r  

d i l u t e d  1 :1 0 ,  1 :1 0 0 ,  1 :1000)  w i t h  r e s u l t s  p l o t t e d  on a  l o g : l o g  s c a l e  

( F ig .  10).

2 .8  A pparatus f o r  measurement o f  chem ilum inescence

2 .8 .1  S p e c i f i c a t io n  o f  lum inom eters

L u m in o l d e p e n d e n t  and  e n d o g e n o u s  PMN c h e m i l u m i n e s c e n c e  w e re  

m e a su re d  i n  one o f  t h r e e  c u s to m  b u i l d  l u m i n o m e t e r s ,  'A ',  'B ' and  'C ',  

d e s i g n e d  and  d e v e lo p e d  i n  t h e  D e p a r tm e n t  o f  M e d ic a l  B i o c h e m i s t r y ,  

U n iv e r s i t y  o f  Wales C o llege  o f  M ed ic ine ,  by Mr. M. E. T. R y a l l .
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Figure 10 C a l i b r a t i o n  of ATP assay

Total ch em i l u m i n e s c e n c e  counts me asure d be twe en  
10 and 2^ seconds followi ng the a d d it ion of 10ul 
(10 - 10 p moles) ATP to 1ml 'luci ferase s o l u t i o n 1 
(firefly luciferas e in 2mM MgCl^, 20mM sodium 
arsenate) pH 7.^, room temperature.



Luminometer ' k '  com prised  a  b r a s s  l i g h t  t i g h t  c e l l  ho u s in g  a d j a c e n t  

t o  a h i g h l y  s e n s i t i v e  lo w  d a r k  c u r r e n t  p h o t o m u l i t p l i e r  t u b e  

( C e n t r o n i c s  P4232B, f ro m  T w e n t i e t h  C e n tu r y  E l e c t r o n i c s  L i m i t e d ,  

C en tro n ic s  Works, New A ddington, Croydon, CR9 OBG, U.K., d a rk  c u r r e n t

0.07nA a t  1190V, o v e r a l l  s e n s i t i v i t y  2 0 0 A /lu m e n ) .  The c e l l  h o u s in g  

was warmed to  37°C by w a te r  pumped from a  b a th ,  and c o n ta in e d  an in n e r  

drum a l lo w in g  r o t a t i o n  o f  th e  c e l l  sam ple to  th e  p h o t o m u l t i p l i e r  tube  

where s t im u lu s  cou ld  be i n j e c t e d  v i a  a  n e e d le  h o le  i n  th e  r o o f  o f  th e  

c e l l  h o u s in g .  The p h o t o m u l t i p l i e r  was c o n n e c te d  t o  a  s c a l a r  (Ekco 

E le c t r o n ic s  L im ite d ,  M aidenhead, B erks , U.K. M5060A) w hich in  t u r n  was 

c o n n e c te d  t o  a r a t e  m e t e r  (Ekco E l e c t r o n i c s  M5190). The r a t e  m e te r  

was c o n n e c te d  t o  a c h a r t  r e c o r d e r  (26000  X-Y, f ro m  B ry a n s  L i m i t e d ,  

Mitcham, S u rrey ,  CR4 4W, U.K.) w hich had a re sp o n se  t im e  o f  100ms f o r  

f u l l  s c a le  d e f l e c t i o n .

L u m in o m e te r  ' B '  ( F ig  fl) a l s o  c o m p r i s e d  a  b r a s s  l i g h t  t i g h t  c e l l  

housing  t h e r m o s t a t i c a l l y  c o n t r o l l e d  a t  37°C by a  th e rm o co u p le ,  jo in e d
e

to  a  h ig h ly  s e n s i t i v e  low dark  c u r r e n t  (< 10nA) p h o t o m u l t i p l i e r  tube  

(EM 19757AM) mounted in  a coo led  housing  (P roduc ts  f o r  R esearch ) which 

m a i n t a i n e d  t h e  p h o t o m u l t i p l i e r  tu b e  t e m p e r a t u r e  a t  -  20°C . The 

e l e c t r i c a l  o u t p u t  from  t h e  p h o t o m u l t i p l i e r  was p r o c e s s e d  by a  f a s t  

a m p li tu d e  d i s c r i m i n a t o r ,  and th e  o u tp u t  connec ted  to  an e i g h t  decade
g

c o u n t e r  w i t h  a  maximum r a t e  o f  10 c o u n t s / s .  The c o u n t e r  was 

i n t e r f a c e d  to  a  D i g i t a l  Equipment C o rp o ra t io n  LSI I I  com puter  system  

runn ing  on an  RT I I  o p e ra t in g  system  programmed in  BASIC to  r e a d  th e  

in s ta n ta n e o u s  v a lu e  o f  co u n ts  a t  10 second i n t e r v a l s .  T h is  d a t a  was 

s to r e d  f o r  r e a l  t im e  a n a l y s i s  in  memory, and f o r  a r c h i v a l  p u rp o se s  on 

a f l o p p y  d i s c .  At t h e  end  o f  e a c h  s a m p le  a n a l y s i s  o f  t h e  c e l l  

b a c k g ro u n d  ( u n s t i m u l a t e d  o r  r e s t i n g )  c h e m i lu m in e s c e n c e  v a l u e  w as 

p r in t e d  fo l lo w e d  by a  g r a p h ic a l  r e p r e s e n t a t i o n  o f  th e  r e a c t i o n  t im e
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F i g u r e  11 -  The a u t h o r  and Luminometer  ’B'



c o u r s e ,  ( F ig  12). The v a l u e  and  t i m e  o f  p eak  h e i g h t  a s  w e l l  a s  t h e  

i n t e g r a l  coun t to  peak h e ig h t  w ere a l s o  e s t im a te d  and p r in t e d .

L u mi n o me t e r  ' C '  T he lo w  l e v e l  o f  l i g h t  o f  t h e  e n d o g e n o u s  

c h e m i l u m i n e s c e n c e ,  p r o d u c e d  by PMN s t i m u l a t e d  i n  t h e  a b s e n c e  o f  

l u m i n o l  was m e a su re d  u s i n g  t h e  f o l l o w i n g  a p p a r a t u s  ( F ig .  13)« A 

p h o t o m u l t i p l i e r  t u b e  (EMI 9757AM) ( c o n n e c t e d  a s  a b o v e  t o  a 

d i s c r i m i n a t o r ,  c o u n t e r  and  c o m p u te r )  w as p l a c e d  v e r t i c a l l y  i n  a 

darkened room. A l i g h t  t i g h t  b la c k  wooden box w i th  a  s l i d i n g  ro o f  was 

p l a c e d  o v e r  t h e  l i g h t  d e t e c t i n g  e n d ,  e n a b l i n g  t h e  p o s i t i o n i n g  o f  a 

s m a l l  g l a s s  v e s s e l  c o n t a i n i n g  w a t e r  a t  37°C d i r e c t l y  on to p  o f  t h e  

p h o t o m u l t i p l i e r  t u b e .  An LP^ t u b e  c o n t a i n i n g  t h e  PMN s a m p le  w as 

p la c e d  in  th e  g l a s s  w a te r  v e s s e l .  S t im u lu s  was i n j e c t e d  th ro u g h t  th e  

r o o f  o f  t h e  b l a c k  box v i a  a  n e e d l e  h o l e  w h ic h  was r a p i d l y  c l o s e d  

b e f o r e  a c t i v a t i o n  o f  t h e  p h o t o m u l t i p l i e r  t u b e  and m e a s u re m e n t  o f  

chem ilum inescence.

2 .8 .2  S ta n d a r d i s a t io n  o f  Luminometers

I n  o r d e r  t o  a l l o w  q u a n t i t a t i v e  c o m p a r i s o n  o f  PMN l u m i n o l  

dependent chem ilum inescence  c o u n t s / s  m easurem ents  made e i t h e r  i n  th e  

tw o  d i f f e r e n t  l u m i n o m e t e r s  ( 'A 'a n d  'B ') ,  o r  i n  t h e  sam e l u m i n o m e t e r  

s e q u e n t i a l l y ,  over  th e  two y e a r  p e r io d  o f  t h i s  work, i t  was n e c e s s a r y ,  

f o r  bo th  p ie c e s  o f  a p p a ra tu s :

1. t o  c a l i b r a t e  and  d e t e r m i n e  t h e  s t a b i l i t y  o f  l i g h t  d e t e c t i o n ,  

u s in g  a  s e r i e s  o f  s ta n d a rd  photon e m i t t e r s .

2 .  t o  d e t e r m i n e  t h e  e f f e c t  o f  c h a n g e s  i n  vo lu m e  o r  h e i g h t  o f  t h e  

l i g h t  e m i t t i n g  so u rce  on th e  e f f i c i e n c y  o f  l i g h t  d e t e c t i o n .

T r i t i a t e d  I n u l i n  S ta n d a rd s

To p r o v i d e  a  s e r i e s  o f  s t a n d a r d  p h o to n  e m i t t e r s ,  12 q u e n c h e d
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F ig u re  12 -  Sample Computer P r i n t o u t  from Luminometer ’B’
55x10 PMN/ml were s t im u la t e d  by 2mg/ml o p so n ised  zymosan

in  th e  p resen ce  o f  10pM lum ino l (37°C, pH 7 .4 )

’Mean I n i t  V a l’ = b a c k g ro u n d / r e s t in g  PMN chem ilum inescence
 -----------------------  c o u n t s / s
’Peak H e ig h t* = maximum chem ilum inescence c o u n ts /1 0 s  

ach ieved  fo l lo w in g  s t i m u l a t i o n .

With an in p u t  p l o t t i n g  c o n s ta n t  o f  ’ 3 ’ th e  v a lu e  o f

chem ilum inescence ( c o u n ts /1 0 s )  a t  th e  end o f  each 30s

i n t e r v a l  fo l lo w in g  s t im u la t io n  was p r e s e n te d  g r a p h i c a l l y .



F ig u re  13

g la s s  w a t e r  jacke t

black wooden box

tripod stand

photomultiplier t u b e

to discriminator, 
counter 8
computer

-  Luminometer 'C 1

A pparatus f o r  measurement o f  PMN endogenous 

chem ilum inescence.



t r i t i u m  i n u l i n  s t a n d a r d s  w e re  d e v i s e d  a s  f o l l o w s ,  f ro m  w h ic h  t h r e e  

w e re  s e l e c t e d  t o  d o c u m e n t  a p p a r a t u s  s e n s i t i v i t y  p r i o r  t o  e a c h  

e x p e r i m e n t .  The s t a n d a r d s  w e re  made i n  5mm d i a m e t e r  g l a s s  

f l u o r i m i t e r  t u b e s  and  h e a t  s e a l e d .  Each  t u b e  c o n t a i n e d  2-20yul 

t r i t i a t e d  i n u l i n  (TRA 324 , 904 m C i/m m o l) ,  300 ji l  o f  t r i t o n  t o l u e n e  

(made f rom  21 t o l u e n e ,  11 t r i t o n  x -1 0 0 ,  0 .2g P0P0P, 8g PPO) an d  a 

v a r i a b l e  am oun t o f  d o u b le  d i s t i l l e d  w a t e r  an d  CHCl^ (T a b le  11). 

P a r t i c l e  l i g h t  e m is s io n  by th e  tu b e s  was counted  in  a  Packard  t r i c a r b  

s c i n t i l l a t i o n  c o u n te r  and in  lu m in o m e te rs  'A' (EHT 1.5Kv, Dv 0.55) and 

'B ' (EHT 9«5v, Dv 4 .0 ) .  The t r i t u i m  s a m p le s  w e re  p l a c e d  i n  t h e  

lum inom eter  sam ple h ous ing  in  t u r n  in  an  LP^ tu b e  in  which th e y  were 

su p p o r ted  on a  3mm cork . I t  may be seen  (Table 11) t h a t  lum in o m e te r  

' A '  r e c o r d e d  2 . 5  + 0 . 0 9  ( m e a n  + SD, n = 9 )  t i m e s  m o r e  

c h e m i lu m in e s c e n c e  c o u n t s  t h a n  l u m in o m e te r  'B'. Over a sam ple  e i g h t  

month p e r io d  th e  s e n s i t i v i t y  o f  th e  lu m in o m e te rs  to  r o u t i n e  t e s t i n g  

w i t h  S a m p le s  1, 4 and  7 r e m a in e d  s t a b l e  (T a b le  12 ).  'M a c h in e

b a c k g r o u n d '  r e f e r s  t o  c h e m i lu m in e s c e n c e  c o u n t s / 1 0 s  r e c o r d e d  i n  t h e  

a b s e n c e  o f  a  t r i t u i m  s a m p le .  T h i s  v a l u e  was r o u t i n e l y  s u b s t r a c t e d  

from m easurem ents o b ta in e d  in  th e  p re se n c e  o f  t r i t u i m .

Geometry o f  l i g h t  d e t e c t i o n

U nless  o th e rw is e  s t a t e d  PMN lu m in o l  chem ilum inescence  e x p e r im e n ts  

inv o lv ed  a d d i to n  o f  s t im u lu s  s o l u t i o n  o r  s u sp e n s io n  to  c e l l  su sp e n s io n  

in  equa l volum es (500jil) t o  e f f e c t  r a p id  m ixing. T h is  l a r g e  change in  

v o lu m e ,  h o w e v e r ,  m e an t t h a t  d i r e c t  c o m p a r i s o n  o f  b a c k g r o u n d  

( u n s t i m u l a t e d  o r  r e s t i n g )  PMN c h e m i lu m in e s c e n c e  and  t h e  maximum 

r e s p o n s e  t o  s t i m u l a t i o n  c o u ld  n o t  be made u n l e s s  t h e  e f f e c t  o f  t h e  

volume change on th e  geom etry  o r  e f f i c i e n c y  o f  l i g h t  d e t e c t i o n  by th e  

p h o t o m u l t i p l i e r  t u b e  was d e t e r m i n e d .  L u m in o m e te r s  'A ' an d  'B ' w e re  

t h e r e f o r e  c a l i b r a t e d  u s in g  v a ry in g  volumes o f  a s o l u t i o n  w hich  e m i t t e d
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c h e m i lu m in e s c e n c e  a t  a c o n s t a n t  r a t e .  7ml o f  10mM A T P / l u c i f e r a s e  

s o l u t i o n  (2 .7 )  w as a l i q u o t t e d  t o  6 LP^ t u b e s  i n  v o lu m e s  i n  t h e  r a n g e

0.1 -  2 .0  m l.

The t u b e s  w e re  p l a c e d  i n  t u r n  i n t o  t h e  l u m i n o m e t e r  h o u s i n g  on 

t h r e e  o c c a s i o n s  e a c h  o v e r  a  t e n  m in p e r i o d  and  c h e m i l u m i n e s c e n c e  

c o u n t s / 1 0 s  m e a s u re d .  The r e s u l t s  o b t a i n e d  f o r  l u m i n o m e t e r  'B '  a r e  

p re s e n te d  in  F ig .  14. The broken l i n e  r e p r e s e n t s  th e  v a lu e s  ex p ec ted  

a t  each volume p o in t  i f  no change in  th e  geom etry  o f  l i g h t  d e t e c t i o n  

a t  1ml had o c c u r re d .  For b o th  lu m in o m e te rs  th e  c o n v e rs io n  f a c t o r s  f o r  

volumes o f  0.5ml (fo .5) and 1.5ml ( f  1.5) w ere th u s  d e r iv e d  (Tab le  13).

11 2



x 
10 

C
O

U
N

T
S

 
/S

2 0

1-5

1 0

0 5

0 1 0 - 5  1 0  1-5 2 0

ml L u c i f e r a s e  a n d  A T P

Figure 14 Ge o m e t r y  of light dete ct ion by 
lumi no meter fB'

C h e m i l u m i n e s c e n c e  counts/s measure d by lumi no meter 
'B' in presenc e of 0 . 1 - 2 . 0ml of A T P / rluci ferase 
solution' (10mM ATP, firefly luciferase, 2mM M g C l ^ , 
20mM sodium arsenate) pH 7.H, room temperature.
Points represent  mean + S.D., n = 3- The broken 
line rep resen ts  the values expected at each volume 
point if no change in the ge ometry  of light de tection  
at 1ml had occurred.



Luminometer 'A ' Luminometer 'B '

f  0 .5

in.

i

1 .2

f  1 .5 0 .9 0 .9

Table  13 -  G eom etric  c o n v e rs io n  f a c t o r s  f o r  lu m in o m e te rs  'A' and 

'B '

2 .9  I s o l a t i o n  o f  human PMN from whole b lood

2 .9 .1  Method

24 ml whole blood f r e s h l y  v e n e se c te d  from a  norm al v o lu n te e r  (o r  

a p a t i e n t  w i th  rheum a to id  a r h t r i t i s  where s t a t e d )  was h e p a r in i s e d  (25 

i u / m l ) .  The m a j o r i t y  o f  e r y t h r o c y t e s  w e re  rem o v e d  by d e x t r a n  

s e d i m e n t a t i o n  b a s e d  on t h e  m e thod  o f  Skoog and  B eck , (1 9 5 6 ) .  The 

h e p a r i n i s e d  b lo o d  was m ixed  w i t h  6ml 6% (w /v )  d e x t r a n  ( a p p r o x i m a t e  

m o le c u la r  w e ig h t  70,000) i n  0.9% (w/v) NaCl and a l lo w e d  to  s ta n d  in  a 

p o l y t h e n e  m e a s u r i n g  c y l i n d e r  f o r  60m in  a t  room t e m p e r a t u r e  (22°C) 

(F ig . 6 (a)) .  The s t r a w  c o lo u re d  s u p e rn a ta n t  was a l i q u o t t e d  i n t o  two 

u n i v e r s a l  c o n t a i n e r s  and  c e n t r i f u g e d  a t  400g f o r  10m in . The c e l l  

p e l l e t s  were g e n t ly  resuspended  (u s in g  a 5mm bore  p o ly th e n e  p i p e t t e )  

i n  K reb s  medium pH 7.4 c o n t a i n i n g  0.1% (w /v )  b o v in e  se ru m  a l b u m i n ,  

la y e re d  on F ic o l l -P a q u e  and c e n t r i f u g e d  a t  400g f o r  40 min (based on 

th e  method o f  Boyum, (1968)).

The m ononuclear c e l l  l a y e r  a t  th e  i n t e r f a c e  betw een Krebs medium 

and F i c o l l - P a q u e  was th e n  rem o v e d  f ro m  e a c h  c o n t a i n e r .  The c e l l  

p e l l e t s  c o m p ris in g  e r y th r o c y te s  and PMN were washed in  Krebs medium

11 3



(0.156 (w /v )  b o v in e  se ru m  a l b u m in )  and  c e n t r i f u g e d  a t  400g f o r  5 rain . 

U s in g  a m o d i f i c a t i o n  o f  t h e  m e thod  o f  F a l l o n  e t  a l ,  (1 9 6 2 ) ,  t h e  

rem a in in g  e r y th r o c y te s  w ere ly s e d  by f i r s t  re su sp e n d in g  th e  p e l l e t s  in  

2m l 0.9% (w /v )  NaCl an d  t h e n  a d d i n g  6ml c o l d  d o u b le  d i s t i l l e d  w a t e r .  

The su sp e n s io n s  w ere shaken g e n t ly  f o r  2 min a f t e r  w hich 2ml co ld  3.556 

(w/v) NaCl was added to  each  and th e  c o n t a in e r s  were a g a in  c e n t r i f u g e d  

a t  400g f o r  5 min. U n less  o th e rw is e  s t a t e d  t h i s  p ro ced u re  was a lw ays  

p e r f o r m e d  t w i c e ,  f o l l o w e d  by r e m o v a l  o f  s u p e r n a t a n t  c o n t a i n i n g  

haemolysed e r y th o c y te s  and a s p i r a t i o n  o f  any v i s i b l e  re d

c e l l  m em branes  f ro m  t h e  PMN p e l l e t s .  The PMN w e re  t h e n  p o o le d  and  

washed tw ic e  i n  Krebs medium (0.156 (w/v) bovine serum album in) pH 7.4, 

b e f o r e  f i n a l  r e s u s p e n s i o n  i n  4ml K reb s  medium pH 7 .4  w i t h o u t  ad d e d  

b o v in e  se ru m  a l b u m in .  F o l l o w i n g  t h e  s u g g e s t i o n  o f  A n d e rse n  and  

A m i r a u l t ,  (1 9 7 9 ) ,  t h i s  s u s p e n s i o n  was p o u re d  th r o u g h  a 0.2mm p o r e  

d i a m e t e r  s t a i n l e s s  s t e e l  f i l t e r  t o  rem o v e  any  m a c r o s c o p ic  c e l l  

d e b r i s .  PMN w ere s to r e d  on i c e  f o r  up to  7 hours .

2 .9 .2  C r i t e r i a  o f  P r e p a r a t io n

F o llo w in g  i s o l a t i o n  from whole b lood , PMN were c h a r a c t e r i s e d  on 

th e  b a s i s  o f  fo u r  c r i t e r i a :

1. P u r i ty

2 . Y ield

3. V i a b i l i t y

Y ie ld  and P u r i t y  o f  PMN

In  o rd e r  to  o p t im is e  th e  number and s p e c i f i c i t y  o f  e x p e r im e n ts  

which could  be c a r r i e d  o u t  on PMN i s o l a t e d  from a  24ml sam ple  o f  whole 

b lood , PMN were r e q u i r e d  in  h igh  y i e l d  (number i s o l a t e d  e x p re s se d  a s  

p e rc e n ta g e  o f  number i n  o r i g i n a l  b lood sam p le ) ,  and in  h igh  p u r i t y .

The mean o f  t h r e e  c e l l  c o u n t s  p e r f o r m e d  w i t h  a  h a e m o c y to m e te r
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( im p ro v e d  N e u b a u e r ,  H a w k s l e y ,  C r i s t a l i t e )  a n d  p h a s e  c o n t r a s t

m ic r o s c o p e  e s t a b l i s h e d  t h e  t o t a l  num ber  o f  PMN r e c o v e r e d  by e a c h

i s o l a t i o n  p r o c e d u r e ,  t h e  mean + SD o f  25 p r o c e d u r e s  b e i n g  2.1 + 0.5 x 

710' PMN. Sample p r e p a r a t i o n s  s t a i n e d  w i th  haerao toxy lin  and e o s in  were 

>95% pure  f o r  n e u t r o p h i l  PMN (F ig  15).

The t o t a l  number o f  PMN i n  random ly s e l e c t e d  whole b lood sam ples  

p r i o r  to  i s o l a t i o n  was de tem ined  u s in g  a  C o u l te r  c o u n te r  (Model 'S') 

and  d i f f e r e n t i a l  w h i t e  c e l l  c o u n t i n g  o f  a  s t a i n e d  w h o le  b lo o d  f i l m .  

The mean PMN y i e l d  f o r  t e n  i s o l a t i o n s  from norm al whole b lood c a r r i e d  

o u t  d u r i n g  t h e  f i r s t  e i g h t e e n  m o n th s  o f  t h i s  w ork w as 22 .9  + 7.8% ( + 

SD). The y i e ld  and p u r i t y  o f  PMN a t  each  s ta g e  o f  a  s i n g l e  i s o l a t i o n  

p r o c e d u r e  i n  t h i s  p e r i o d  i s  show n i n  T a b l e  14. I t  may be s e e n  t h a t  

th e  l a r g e s t  lo s s  o f  PMN o c c u rre d  d u r in g  th e  re d  c e l l  h y p o to n ic  l y s i s ,  

g i v i n g  a  f i n a l  y i e l d  o f  o n ly  19% o f  PMN i n  t h e  o r i g i n a l  w h o le  b lo o d  

s a m p le .  As d e t a i l e d  i n  2 .9 .1  t h e  r e d  c e l l  l y s i s  s t e p  i n v o l v e d  

e x p o s u r e  o f  c e l l s  t o  u n b u f f e r e d  c o l d  d o u b le  d i s t i l l e d  w a t e r  on tw o  

o c c a s i o n s  f o r  tw o  m i n u t e s  e a c h ,  t h e  s h o r t e r  30 s e c  l y s i s  p e r i o d  

recommended by F a l lo n  e t  a l ,  1962, hav ing  been found i n e f f e c t i v e .  Red 

c e l l  haem oglobin  i n h i b i t s  PMN chem ilum inescence  (Table  10, 1.4.2) and

th u s  th e  lo w er  y i e l d  o f  PMN was s a c r i f i c e d  f o r  th e  h ig h e r  p u r i t y .  In  

t h e  l a s t  s i x  m o n th s  o f  t h i s  w o rk ,  h o w e v e r ,  t h e  r e d  c e l l  h y p o t o n i c  

l y s i s  s u d d e n ly  becam e and  r e m a in e d  m ore  e f f i c i e n t  s u c h  t h a t  c e l l s  

needed on ly  to  be exposed once to  co ld  double  d i s t i l l e d  w a te r  f o r  60- 

90 s e c .  The y i e l d  o f  PMN c o r r e s p o n d i n g l y  i n c r e s e d  t o  37 .9  + 6• 9% 

(mean + SD, n = 3 ). The u n e x p e c t e d l y  low  num ber  o f  PMN fo u n d  i n  t h e  

'p o s t  d e x t r a n '  sam ple (Table 14) was a t t r i b u t a b l e  to  a  m ix in g  a r t e f a c t  

o f  t h i s  h igh  v i s c o s i t y  s o l u t i o n  in  th e  Counter c o u n te r .

3 . PMN V i a b i l i t y

PMN were r e q u i r e d  f o r  e x p e r im e n ta l  p u rp o ses  f o r  an av e ra g e  o f  4



Figure 15 - Sample preparation of PMN isolated
f rom whole p e r i p h e r a l  b lood  and s t a i n e d  

w i t h  Ge imsa .

( m a g n i f i c a t i o n  x 2 ,0 0 0 )
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h r s  f o l l o w i n g  t h e i r  i s o l a t i o n  f ro m  w h o le  b lo o d .  I t  was t h e r e f o r e  

d e s i r a b l e  t h a t  t h e  m a j o r i t y  o f  PMN s h o u l d  r e m a in  v i a b l e  t h r o u g h o u t  

t h i s  p e r i o d  and  t h a t  o p tim u m  c o n d i t i o n s  f o r  t h e i r  s t o r a g e  s h o u ld  be 

d e f in e d .  The v i a b i l i t y  o f  PMN was e s t a b l i s h e d  by m easurem ent o f  th e  

r a t e  o f  l a c t a t e  d e h y d r o g e n a s e  r e l e a s e  (2 .6 )  and  r a t e  o f  l o s s  o f  PMN 

ATP c o n te n t  (2.7) w h i le  th e  optimum s to r a g e  te m p e ra tu re  was d e f in e d  by 

measurement o f  th e  maximum chem ilum inescence  re sp o n se  to  a s ta n d a rd  

s t i m u l u s  o f  PMN w h ic h  had  b e e n  s t o r e d  a t  4°C , 25°C o r  37°C f o r  0 -2 2 0  

min fo l lo w in g  t h e i r  i s o l a t i o n  from whole b lood  (F ig  16). A f te r  3 h r s  

a t  25°C o r  37°C PMN peak h e ig h t  chem ilum inescence  f e l l  t o  25/6 and 21% 

o f  th e  i n i t i a l  v a lu e ,  w h i le  th e  peak h e ig h t  re sp o n se  o f  PMN s to r e d  on 

i c e  a t  +4°C w as s t i l l  78% o f  t h e  i n i t i a l  v a l u e .  PMN w e re  t h e r e f o r e  

a lw a y s  s t o r e d  on i c e  f o l l o w i n g  i s o l a t i o n  from  w h o le  b lo o d  and  w e re  

a l l o w e d  t o  e q u i l i b r a t e  a t  t h i s  t e m p e r a t u r e  f o r  a minimum o f  1 h o u r  

b e fo re  th e  f i r s t  ex p e r im en t  was perfo rm ed .

Rate o f  l a c t a t e  dehydrogenase  r e l e a s e

F o r  PMN s t o r e d  on i c e ,  t h e r e  w as <5% /hr r e l e a s e  o f  l a c t a t e  

dehydrogenase. The p e rc e n ta g e  l a c t a t e  dehydrogenase measured i n  th e  

s u p e r n a t a n t  i n  a  t y p i c a l  PMN p r e p a r a t i o n  a t  0 -1 5 0  m in  f o l l o w i n g  

i s o l a t i o n  were a s  shown in  T ab le  15.
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M a ximu m chemi lu mi nesce nc e, fo llowin g s t i m u l a t i o n  
by 4 x 10 /ml latex particles, of 6 x 10 PMN/ml 
which had been p re viousl y stored at 4 C (A) ,
25°C (A) or 37°C (▼) for 0-220 mins in A n ,
at 37°C for 5 minutes imme di ately prior to stimulation.



Table  15 R a te  o f  l a c t a t e  d e h y d r o g e n a s e  r e l e a s e  by PMN f o l l o w i n g  

i s o l a t i o n  from whole b lood .

Time on i c e  a f t e r  
s e p a r a t io n

* L a c ta te  dehydrogenase 
in  s u p e rn a ta n t

0 min 18*

80 min 18*

15o min 8*

* l a c t a t e  dehydrogenase  in  s u p e r n a ta n t  o f  6 .9  x 10^ PMN/ml
Krebs medium pH 7 .4

The h ig h  b a s a l  v a l u e  w as a t t r i b u t e d  t o  t h e  r e s i d u e  o f  l a c t a t e  

dehydrogenase r e l e a s e d  by re d  c e l l s  d u r in g  t h e i r  l y s i s .

Rate o f  l o s s  o f  PMN ATP c o n te n t

The mean PMN ATP c o n te n t  measured a f t e r  one hour on i c e  fo l lo w in g  

t h e i r  s e p a r a t io n  from whole blood was 0.037 + 0.016 f e m t o m o l e s / c e l l  (+ 

SEM, n = 5 ) .  T h e re  w as a  9.2 + 11 /6 /h r  mean + SD, n = 5 d e c r e a s e  i n

PMN ATP c o n te n t  over  th e  su b seq u en t 3-4 hou rs .

2 .10  Measurement o f  oxygen consum ption by PMN u s in g  an oxygen 

E le c tro d e

PMN oxygen  c o n s u m p t io n  was m anured  p o l a r i g r a p h i c a l l y  u s i n g  a 

C la rk  type  e l e c t r o d e  (from Rank B ro th e r s ,  B o tt ish am , Cam bridge, U.K.) 

connec ted  to  a pen c h a r t  r e c o r d e r .  The e l e c t r o d e  was h e ld  a t  0.6V and

s e p a ra te d  by an oxygen perm eab le  t e f l o n  membrane from th e  c e l l  cham ber

w hose t e m p e r a t u r e  w as m a i n t a i n e d  a t  37°C by t h e r m o s t a t i c a l l y  

c o n t r o l l e d  c i r c u l a t i n g  w a te r .

The c e l l  s u s p e n s i o n  (1 .2 m l ,  10^PMN/ml K reb s  medium pH 7 .4 )  w as

I IS



in t ro d u c e d  to  th e  c e l l  chamber and c o n t in u o u s ly  s t i r r e d  by a  m agne tic  

f o l lo w e r .  A t i g h t  f i t t i n g  p lu n g e r  was p la c e d  in  p o s i t i o n  im m ed ia te ly  

ab o v e  t h e  f l u i d  so  t h a t  t h e r e  was no l o n g e r  any  a i r  f l u i d  i n t e r f a c e .  

A 5 min e q u i l i b r a t i o n  t im e  was a l lo w e d  f o l lo w in g  which a  c o n s ta n t  r a t e  

o f  oxygen  c o n s u m p t io n  was d e t e c t e d  by t h e  e l e c t r o d e .  C e l l  s t i m u l i  

(v o lu m e  < 5 u l )  w e re  i n t r o d u c e d  t o  t h e  s u s p e n s i o n  by i n j e c t i o n  f ro m  a 

H am ilton  s y r in g e  (Bonaduz,Swite'land)via a  c a p i l l a i r y  tu b e  in  th e  chamber 

p lu n g e r  and any su b se q u en t change in  th e  r a t e  o f  oxygen consum ption  by 

th e  PMN was rec o rd e d .

The e l e c t r o d e  w as c a l i b r a t e d  by a s s u m in g  t h a t  t h e  f u l l y  a i r  

s a t u r a t e d  s o l u t i o n  o f  Krebs medium c o n ta in e d  210^iM oxygen.

2.11 J u s t i f i c a t i o n  f o r  u se  o f  lu m in o l  dependen t chem ilum inescence  

a s  a m o n ito r  o f  oxygen r a d i c a l  p ro d u c t io n  by PMN.

The use o f  lu m in o l  dependent chem ilum inescence  as  a m o n i to r  o f  

oxygen r a d i c a l  p ro d u c t io n  by PMN was j u s t i f i e d  by:

1. Comparison w ith  PMN endogenous chem ilum inescence

2 . D e m o n s t r a t i o n  o f  i t s  r e l a t i o n s h i p  t o  o xygen  c o n s u m p t io n  by 

PMN.

3. D em o n s tra t io n  o f  i t s  dependence on oxygen r a d i c a l  p r o d u c t io n  

by PMN.

2 .1 1 .1 .  Comparison w ith  PMN endogenous chem ilum inescence

Using lum inom e te r  'C' (2.8.1) th e  endogenous chem ilum inescence  o f  

PMN s t i m u l a t e d  by l a t e x  p a r t i c l e s  i n  t h e  a b s e n c e  o f  l u m i n o l  w as 

d e t e c t e d  ( F ig  17). A b i p h a s i c  t i m e  c o u r s e  was o b s e r v e d ,  t h e  f i r s t  

phase re a c h in g  a  maximum a t  25 seconds a f t e r  th e  a d d i to n  o f  s t im u lu s  

and th e  l a r g e r  second phase r e a c h in g  a  maximum a t  around 180 seconds .  

For 1.5 x 106 PMN, however, th e  peak h e ig h t  o f  ch em ilu m in escen ce  was 

o n ly  2.75 x 10^ c o u n t s / s .  The f i r s t  phase  may s im p ly  have r e p r e s e n t e d
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Figure 17 Endo g e n o u s  PMN c h e m i l u m i n e s c e n c e

6C h e m i l u m i n e s c e n c e  trace produ ced by 1.5 x 10 
PMN/ml in the absence of luminol, following the 
addition (at time 0 seconds) of M x 10 /ml latex 
particles, Krebs medium, pH 7.^, 37 C, L u m i n o m e t e r
fC'.



a c e l l / s t i m u l u s  m ix in g  a r t e f a c t .  I n  t h e  p r e s e n c e  o f  l u m i n o l ,  u s i n g  

l u m in o m e te r  'A ' t h e  p e a k  h e i g h t  o f  0.5  -  8 .5  x 10^ PMN s t i m u l a t e d  by 

t h e  same c o n c e n t r a t i o n  o f  l a t e x  p a r t i c l e s  p ro d u c e d  a  p e a k  h e i g h t  o f  

chem ilum inescence  i n  th e  range  0.5 -  15x10^ c o u n t s / s .  (F ig  18). PMN 

l u m i n o l  d e p e n d e n t  c h e m i lu m in e s c e n c e  w as t h u s  l a r g e r  i n  m a g n i tu d e ,  

e a s i e r  t o  m e a s u re  and  r e q u i r e d  f e w e r  c e l l s  t h a n  PMN e n d o g e n o u s  

chem ilum inescence .

2 .1 1 .2  D em onstra t ion  o f  r e l a t i o n s h i p  o f  PMN lum ino l chem ilum inescence 

to  oxygen consum ption by PMN

The c o n c e n t r a t i o n  o f  lu m in o l  which would be used i n  t h i s  and a l l  

f u r t h e r  PMN c h e m i l u m i n e s c e n c e  e x p e r i m e n t s  w a s  d e t e r m i n e d  by 

m e a su re m e n t  o f  c h e m i lu m in e s c e n c e  g e n e r a t e d  by 5 x 10^ PMN/ml an d  a 

f i x e d  c o n c e n t r a t i o n  o f  s t i m u l u s  i n  t h e  p r e s e n c e  o f  l u m i n o l  i n  t h e  

range  100jim -  100nM (F ig  19). 10jiM was th e  c o n c e n t r a t i o n  o f  lu m in o l  

s e l e c t e d  a s  t h i s  a f fo rd e d  a l a r g e  b u t  submaximal PMN chem ilu m in escen ce  

re sp o n s e .

PMN oxygen consum ption  was measured u s in g  th e  oxygen e l e c t r o d e  as  

d e t a i l e d  in  th e  p re v io u s  s e c t i o n .  In  a  t y p i c a l  e x p e r im e n t ,  th e  oxygen 

c o n s u m p t io n  o f  9*3 x 1 0 ^ /m l  PMN w h ic h  had  b e e n  e q u i l i b r a t e d  a t  37°C 

f o r  5 rain was 0 .8nm oles/m in . A d d it io n  o f  l a t e x  p a r t i c l e s  was fo l lo w e d  

by an  i n c r e a s e  i n  t h e  r a t e  o f  oxygen  c o n s u m p t io n  w h ic h  r e a c h e d  a  

maximum a t  35 sec  (3.4 nm oles /m in) p la te a u e d  f o r  180 sec  and g r a d u a l ly  

d e c a y e d  ( F i g  2 0 ) .  T he  t e m p o r a l  r e l a t i o n s h i p  o f  t h e  l u m i n o l  

c h e m i lu m in e s c e n c e  t r a c e  p ro d u c e d  by t h e  sam e c o n c e n t r a t i o n  o f  PMN, 

i s o l a t e d  on th e  same day, was observed  (F ig . 20).

2 .1 1 .3 *  D em onstra t ion  o f  dependence o f  PMN lum ino l chem ilum inescence  

on oxygen r a d i c a l  p ro d u c t io n
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Figure 18 Rela t i o n s h i p  of PMN l u m i n o 1 c h e m i l u m i n e s c e n c e  
to cell c o n c e n t r a t i o n

The graph shows t he ^r esults  from one ex periment 
in which 1 - 8 x 10 PMN/ml were stimu lated by
addit ion  of 4 x 10 /ml latex particles, in the 
presence 10juM luminol (0.1% w/v DMSO), Krebs 
medium, pH 7.4, 37°C.
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Figure 19 Rel at i o n s h i p  of PMN c h e m i l u m i n e s c e n c e  
to luminol co ncen t r a t i o n

The graph shows the results from one e x p e riment 
in which 5 jc 10 PMN/ml were stimulat ed  by ad d i t i o n  
of 2 x 10 /ml latex particles in the pre sen ce 
of 0.1 - 100juM luminol. The c o n c e n t r a t i o n  of
DMSO was m a i n t a i n e d  at 0.1% (w/v) for each luminol 
concentration. Points show the mean + SEM of 
two or three replicate de te rminations,  Krebs 
-medium, pH 7.^, 37°C.
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Figure 20 C o m pari son of st im ula ted PMN oxygen
co n s umptio n and luminol c h e m i l u m i n e s c e n c e

The luminol c h e m i l u m i n e s c e n c e  trace (unbroken 
line) and oxyge n c o n s umption  ( • )  of 9.3 x 10 
PMN/ml, fo ll owing addition, at time 0 seconds, 
of 4 x 10 /ml latex particles, were co mpared  
in separate c o n s ecutive  experime nt s on the same 
day. Krebs medium, pH 7 . 4 ,  3 1 ° C , 10riM luminol 
(0.1% (w/v) DMS0).



The dependence o f  PMN lu m in o l  chem ilum inescence  on th e  g e n e ra t io n  

o f  oxygen r a d i c a l s  by th e  c e l l s  was co n firm ed  u s in g  th e  known oxygen 

r a d i c a l  s c av en g e rs  su p e ro x id e  d is rau ta se  and c a t a l a s e .  When PMN were 

p re in c u b a te d  w i th  10-200jig/ml su p e ro x id e  d ism u ta se  f o r  3 min p r i o r  to  

t h e i r  s t i m u l a t i o n  by l a t e x  p a r t i c l e s  in  th e  p re sen ce  o f  lu m in o l  a  35 -  

71% i n h i b i t i o n  o f  p eak  h e i g h t  c h e m i lu m in e s c e n c e  o c c u r r e d  ( F ig .  2 1 ) .  

The i n h i b i t i o n  caused  by 10pg/ml su p e ro x id e  d is m u ta s e  was a b o l i s h e d  

when t h e  enzym e was f i r s t  h e a t e d  t o  100°C f o r  10 m in .  C a t a l a s e  

(6 2 .5 j ig /m l)  c a u s e d  an  88% i n h i b i t i o n  w h ic h  was l a r g e r  t h a n  e x p e c t e d  

from th e  p u b l i sh e d  d a t a ,  ( Jo h n sto n  and Lehmeyer 1977)*

2 .12  S t a n d a r d i s a t io n  o f  PMN lu m ino l chem ilum inescence measurement

In  o rd e r  t o  compare and c o n t r a s t  th e  chem ilum inescence  re sp o n s e s  

o f  PMN w hich had been i s o l a t e d  on d i f f e r e n t  o c c a s io n s ,  o r  w hich were 

s t im u la t e d  by d i f f e r e n t  a g e n t s ,

a )  i n  th e  p re sen ce  and absence  o f  d rugs  o r  oxygen r a d i c a l  s cav en g e rs  

and

b) w ith  th e  r e s u l t s  o f  o th e r  r e s e a r c h e r s

fo u r  p a ra m e te rs  o f  chem ilum inescence  m easurem ent and th e  c o n d i t io n s  o f  

PMN chem ilum inescence  a s s a y  were d e f in e d .

2 .1 2 .1  Methods o f  chem ilum inescence q u a n t i t a t i o n

1. Background chem ilum inescence  -  chem ilum inescence  i n  c o u n t s / s  o f  

r e s t i n g  o r  u n s t im u la te d  PMN in c u b a te d  w i th  20/uM lu m in o l  i n  500pl Krebs 

medium f o r  3 o r  5 rain ( a s  s t a t e d )  a t  pH 7 .4 ,  37°C.

Where i n d i c a t e d  i n  t h e  t e x t ,  b a c k g ro u n d  c h e m i l u m i n e s c e n c e  w as 

' c o r r e c t e d ' ,  u s i n g  t h e  g e o m e t r i c  c o r r e c t i o n  f a c t o r  (2 .8 .2 )  t o  a l l o w  

f o r  t h e  e f f e c t  o f  vo lu m e  c h a n g e  i n c u r r e d  by s u b s e q u e n t  a d d i t i o n  o f  

s t im u lu s  on th e  e f f i c i e n c y  o f  l i g h t  d e t e c t i o n  by th e  lu m in o m e te r .
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F i g u r e  21 E f f e c t  o f  o x y g e n  r a d i c a l  s c a v e n g e r s  on 

PMN l u m i n o l  c h e m i l u m i n e s c e n c e

C h e m i l u m i n e s c e n c e  t r a c e s  p r o d u c e d  by  8 . 5  x 
s t i m u l a t e d ,  a t  t i m e  0 s e c o n d s ,  by  H x 1 0 ^ / m l  
l a t e x  p a r t i c l e s  i n  t h e  p r e s e n c e  a n d  a b s e n c e  
o f  1 0 - 2 0 0 p g / m l  s u p e r o x i d e  d i s m u t a s e  (SOD) 
o r  6 2 . 5 u g / m l  c a t a l a s e  ( CAT) ,  K r e b s  me d i u m,  
pH 7 . ^ ,  10juM l u m i n o l  ( 0 . 1 %  ( w / v )  DMSO).

10 PMN/ ml



2. Peak h e ig h t  chem ilum inescenoe  -  th e  maximum chem ilum inesoence  in  

c o u n t s / s  a c h i e v e d  f o l l o w i n g  a d d i t i o n  o f  s t i m u l u s  t o  PMN w h ic h  w e re  

p r e v i o u s l y  r e s t i n g ,  i n  t h e  p r e s e n c e  o f  l u m i n o l  i n  K re b s  m edium , pH 

7.*t, 37°C.

3* S t im u la t io n  Index  -  th e  r a t i o  o f  peak h e ig h t  chem ilum inescence  to  

c o r r e c t e d  background chem ilum inescence .

4. Background o r  Peak H eigh t Chemiluminescence a s  p e rc e n ta g e  o f

e x p e c t e d  v a l u e  -  Even f o r  PMN s t o r e d  on i c e  a t  4°C t h e  r a t e  o f  

d e c r e a s e  i n  p eak  h e i g h t  and  b a c k g ro u n d  c h e m i lu m in e s c e n c e  w as n o t  

n e g l i g i b l e  (18 .9  + 1 .8% /hour  and  14.6 + 1 .8% /hour  (m ean + SD n = 8) 

r e s p e c t i v e l y ) .  The S t im u la t i o n  Index  however rem ained  c o m p a ra t iv e ly  

c o n s t a n t  ( F ig  2 2 ) .  I n  e x p e r i m e n t s  e x a m in in g  t h e  e f f e c t s  o f  an  

a d d i t i o n a l  r e a g e n t  such as  a drug o r  oxygen r a d i c a l  s c a v e n g e r ,  r e s u l t s  

w e re  d o c u m e n te d  e i t h e r  a s  s t i m u l a t i o n  i n d i c e s  o r  a s  b a c k g ro u n d  and  

peak h e ig h t  chem ilum inescence  ex p re s se d  a s  a  p e rc e n ta g e  o f  th e  r e s u l t s  

which would have been ach iev ed  a t  th e  same t im e  p o in t  i n  th e  absence  

o f  t h e  r e a g e n t  d e r i v e d  by i n t e r p o l a t i o n  o f  t h e  t i m e  c o u r s e  o f  

c h e m i lu m in e s c e n c e  d e c a y  on t h e  d ay  o f  e x p e r i m e n t  ( F ig .  2 2 ) .

2 .1 2 .2  C o n d it io n s  o f  Assay

PMN l u m i n o l  c h e m i lu m in e s c e n c e  w as know n t o  be i n f l u e n c e d  by a 

l a r g e  num ber o f  medium v a r i a b l e s  (T a b le  10, 1 .4 .2 ) .  Of t h e s e

v a r i a b l e s  th e  e f f e c t s  o f  changes i n  pH, and th e  p re sen ce  o f  a lb u m in  i n  

low c o n c e n t r a t i o n ,  were p a r t i c u l a r l y  exam ined. In  a d d i t i o n  th e  e f f e c t  

o f  t i m e  o f  p r e i n c u b a t i o n  w i t h  l u m i n o l  on  b a c k g r o u n d  PMN 

chem ilum inescence  was s tu d ie d .

a )  E f f e c t  o f  pH

PMN w ere p re in c u b a te d  f o r  3 min and th e  l a t e x  p a r t i c l e  s t im u lu s

I 22
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Figure 22 Re la t i o n s h i p  of three par ame ters of PMN 
luminol c h e m i l u m i n e s c e n c e  to durat ion 
of cell isolati on from whole blood

The graph shows the results from one experim en t in 
which the backg ro und (resting) c h e m i l u m i n e s c e n c e  
(A) t peak height (maximum) c h e m i l u m i n e s c e n c e  (A)  
and ch em ilum i n e s c e n c e  s t i m u la tion index (see text)
(•) of 5 x 10 PMN/ml sti mula te d by 1mg/ml opsonis ed  
zymo san  were compared at inc r e a s i n g  durations of 
the time for which PMN had been stored at 4°C f o l l o w i n g 
their iso lation from whole blood. PMN were e q u i l i b r a t e d  
in Krebs medium  pH 7.^, at 37 C for 3 minutes prior 
to stimulation. 1 OuM luminol (0.1% (w/v) DMS0).



was added in  Krebs medium in  which pH was a d ju s t e d  in  th e  range  pH 6.5 

-  pH 8.4. The peak h e ig h t  o f  PMN lu m in o l  chem ilum inescence  fo l lo w in g  

s t i m u l a t i o n  d e c re a se d  l i n e a r l y  w i t h  i n c r e a s i n g  pH ( F ig  23) a l t h o u g h  

t h e  mean b a c k g ro u n d  PMN c h e m i lu m in e s c e n c e  r e m a in e d  a t  676 + 46 

c o u n t s / s  ( + SEM, n = 7 ) .  I n  a l l  f u t u r e  PMN c h e m i l u m i n e s c e n c e  t h e  pH 

o f  Krebs medium was v ig o ro u s ly  m a in ta in e d  a t  7.4 and a lw ays  checked 

and r e a d j u s t e d  a s  n e c e s s a ry  f o l lo w in g  th e  a d d i t i o n  o f  d rugs o r  oxygen 

r a d i c a l  scav en g e rs .

b) E f f e c t  o f  album in in  low c o n c e n t r a t i o n

Bovine o r  human serum a lbum in  in  low c o n c e n t r a t i o n s  (up t o  0.5% 

( w/ v ) )  o r  human o r  f o e t a l  c a l f  se ru m  (1-10% ( w/ v ) )  a r e  f r e q u e n t l y  

added to  i s o l a t e d  PMN p r e p a r a t io n s  to  enhance v i a b i l i t y  (H as tin g s  e t  

a l  1982, Sacks e t  a l  1978, Weening, Wever and Roos, 1975). 0.1% (w/v)

b o v in e  se ru m  a l b u m in  was fo u n d  t o  i n h i b i t  s t i m u l a t e d  PMN l u m i n o l  

c h e m i lu m in e s c e n c e  by 43% ( F ig  24) h o w e v e r .  P r o t e i n  was t h e r e f o r e  

o m i t te d  from chem ilum inescence  a s s a y s  u n le s s  s p e c i f i c a l l y  s t a t e d .

T he  c o n c e n t r a t i o n s  o f  c a l c i u m a n d  ma g n e s iu m  i o n s  an d  o f  

HEPES b u f f e r  were d e te rm in e d  by th e  c o m p o s i t io n  o f  Krebs medium (2.2). 

P h e n o l  r e d ,  g l u c o s e  a n d  a mi n o  a c i d s  w e r e  n o t  i n c l u d e d  i n  

chem ilum inescence  a s sa y s  u n le s s  s t a t e d .

E f f e c t  o f  lum ino l p r e in c u b a t io n  tim e  on PMN background 

chem ilum inescence

When th e  background chem ilum inescence  o f  r e s t i n g  PMN w hich had 

been p re in c u b a te d  a t  37°C, pH 7.4 f o r  3 rains, was observed  im m e d ia te ly  

f o l l o w i n g  t h e  a d d i t i o n  o f  l u m i n o l ,  a g r a d u a l  d e c r e a s e  i n  

chem ilum inescence  c o u n t s / s  was observed  F ig  25 which reac h ed  a p l a t e a u  

a t  a p p r o x i m a t e l y  200s  f o l l o w i n g  t h e  a d d i t i o n  o f  l u m i n o l .  To
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Figure 23 Ef fe ct  of pH on PMN luminol c h e m i l u m i n e s c e n c e

54 x 10 PMN/ml were pre-inc ubated for 3 minu tes  
in Krebs me dium with pH re- ad ju sted in the the range
6.5 - 8.4, prior t o •stim u l a t i o n  by 4 x 10^/ml latex 
particles. The relationship of the maximum (geak 
height) c h e m i l u m i n e s c e n c e  to pH is shown) 37 C, 1OpM 
luminol (0.1% (w/v) DMS0).
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5C h e m i l u m i n e s c e n c e  traces produced by 6 x 1 0  PHN/ml 
stimulated at time 0 seconds, by 4 x 10^/ml latex 
particles in the presence and absence of 0.1%  (w/v) 
bovine serum albumin. The albu min  was included in 
the 3 minute e q u i l ibra ti on of the cells in Krebs 
mediu m pH 7-4, 37°C with luminol 10yaM (0.1% (w/v)
DMS0 ) .
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F i g u r e  25 E f f e c t  o f  l u m i n o l  p r e i n c u b a t i o n  t i m e  

on PMN b a c k g r o u n d  c h e m i l u m i n e s c e n c e

5C h e m i l u m i n e s c e n c e  t r a c e s  p r o d u c e d  by  4 . 6  x 10 PMN/ml  
w h i c h  w e r e  p r e i n c u b a t e d ,  u n s t i m u l a t e d ,  i n  K r e b s  me d i u m 
pH 7 . 4 ,  37 C f o r  3 m i n s .  p r i o r  t o  t h e  a d d i t i o n  o f  
l u m i n o l  ( 10pM,  0 . 1 % ( w / v )  DMSO) a t  t i m e  0 s e c o n d s .



s t a n d a r d i s e  chem ilum inescence  a s s a y  c o n d i t i o n s ,  l u m i n o l  was a l w a y s  

ad d ed  t o  t h e  c e l l  s u s p e n s i o n  a t  t h e  o n s e t  o f  5 m in  p r e i n c u b a t i o n  a t  

37°C b e fo re  background ch em ilum inescence  was re c o rd e d .
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C hap te r  3: C h a r a c t e r i s a t i o n  o f  lu m in o l-d e p en d en t  chem ilum inescence
a s  an  i n d i c a t o r  o f  oxygen r a d i c a l  p ro d u c t io n  by PMN

3.1 In t r o d u c t  ion

3 .2  Methods 3 . 2 . 1 .

3 .2 .2 .

3 . 2 . 3 .

3 .3  R e s u l t s  3 . 3 . 1 .

3 . 3 . 2 .

3 .3 .3

3 . 3 . 4 .

3 . 3 . 5 .

3 .4  D iscu ss io n

3 .5  Summary

G enera l

Immune complexes

C h a r a c t e r i s a t i o n  o f  a  s o l i d  p h a s e  

chem ilum inescence i n d i c a t o r

C h e m i lu m in e s c e n c e  o f  PMN s t i m u l a t e d  by 

unopson ised  l a t e x  p a r t i c l e s  

C h e m i lu m in e s c e n c e  o f  PMN s t i m u l a t e d  by 

opson ised  zymosan

C h e m i lu m in e s c e n c e  o f  PMN s t i m u l a t e d  by 

th e  c h e m o ta c t ic  p e p t id e  N - fo rm y l-m e t- le u -  

phe

C h e m i lu m in e s c e n c e  o f  PMN s t i m u l a t e d  by 

immune complexes

L o c a l i s a t i o n  o f  PMN l u m i n o l  

chem ilum inescence .
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3.1 I n t r o d u c t io n

I n  t h e  w ork d e s c r i b e d  in  t h e  p r e v i o u s  c h a p t e r ,  a r e p r o d u c i b l e  

method f o r  th e  i s o l a t i o n  o f  v i a b l e  PMN from whole b lood was developed  

(2 .9 ) ,  and  l u m i n o l  d e p e n d e n t  c h e m i l u m i n e s c e n c e  w as j u s t i f i e d  and 

s ta n d a rd i s e d  a s  a  m o n i to r  o f  oxygen r a d i c a l  p ro d u c t io n  by th e s e  c e l l s  

(2 .1 1 ,  2 .1 2 ) .  B e f o r e  e x a m in in g  r h e u m a t o i d  se ru m  and  s y n o v i a l  f l u i d  

f o r  t h e  p r e s e n c e  o f  s t i m u l i  t o  t h e  p r o d u c t i o n  and  r e l e a s e  o f  oxygen  

r a d i c a l s  by PMN and  f o r  t h e  p r e s e n c e  o f  e x t r a c e l l u l a r  s c a v e n g e r s  o f  

oxygen r a d i c a l s  (C hap ter  4), i t  was f i r s t  n e c e s s a ry

(a)  To d e t e r m i n e  w h a t  p r o p o r t i o n  o f  PMN l u m i n o l  d e p e n d e n t  

cherailum inescencce o ccu rs  e x t r a e e l l u l a r l y .

(b) To c o m p a r e  a n d  c o n t r a s t  t h e  l u m i n o l  d e p e n d e n t  

c h e m i lu m in e s c e n c e  o f  n o r m a l  PMN e x p o s e d  t o  a r a n g e  o f  

s o lu b le  and in s o lu b l e  p h a g o c y t ic  and c h e ra o ta c t ic  s t i m u l i ,  a s  

models o f  th o se  p r e v io u s ly  d em o n s tra ted  a t  s i t e s  o f  d i s e a s e  

a c t i v i t y  i n  r h e u m a to id  a r t h r i t i s  (1.3.1).

and

(c)  to  d e f in e  th e  dose o f  each  s t im u lu s  which would cause  a  PMN 

chem ilum inescence  re sp o n se  which was 50/£ o f  th e  maximum and 

w h ic h  c o u ld  t h e r e f o r e  be u s e d  t o  i d e n t i f y  e n h a n c in g  o r  

i n h i b i t o r y  e f f e c t s  o f  a d d i t i o n a l  r e a g e n t s  s u c h  a s  o xygen  

r a d i c a l  s cav en g e rs  (o r  d ru g s ) .

D em o n s tra t io n ,  h i t h e r t o ,  o f  th e  e x t r a c e l l u l a r  r e l e a s e  o f  0^*" and 

by s t i m u l a t e d  PMN (B a b io r  e t  a l  1973 , R oo t e t  a l  1975) w as 

r e l i a n t  on f l u i d  p h a s e  d e t e c t o r s  o f  oxygen  r a d i c a l s  w h ic h  i f  

p h a g o c y t o s e d  o r  e n d o c y t o s e d  by t h e  c e l l s  w ou ld  a l s o  m e a s u r e  

i n t r a c e l l u l a r  oxygen  r a d i c a l  p r o d u c t i o n .  The c h e m i l u m i n e s c e n c e  

r e s u l t i n g  f ro m  s t i m u l a t i o n  o f  PMN i n  t h e  p r e s e n c e  o f  ' f l u i d  p h a s e '
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l u m i n o l  m ig h t  s i m i l a r l y  r e f l e c t  i n t r a c e l l u l a r  o x y g e n  r a d i c a l  

p r o d u c t i o n  ( A l l r e d  e t  a l  1980).  I n  t h i s  c h a p t e r ,  i n v e s t i g a t i o n  o f  

what p r o p o r t io n  o f  PMN lu m in o l  d e p e n d e n t  c h e r a i l u m in e s c e n c c e  o c c u r s  

e x t r a c e l l u l a r l y  (3*3*5) i n c l u d e d  t h e  u s e  o f  a s o l i d  p h a s e  non 

p h ag o cy to sab le  i s o lu m in o l  chem ilum inescence  i n d i c a t o r .

Four known a c t i v a t o r s  o f  th e  PMN r e s p i r a t o r y  b u r s t  ( c f  Tab le  4, 

1 .2 .2) w ere  c h o s e n  a s  m o d e ls  o f  s t i m u l i  p r e v i o u s l y  d e m o n s t r a t e d  a t  

s i t e s  o f  rheum ato id  d i s e a s e  a c t i v i t y ,  namely

( i )  l a t e x  p a r t i c l e s  

( i i )  opson ised  zymosan

( i i i )  immune complexes 

( iv )  ch em o tac tic  p e p t id e  (n form yl met l e u  p h e ) .

The f i r s t  t h r e e  ( i )  -  ( i i i )  r e p r e s e n t e d  v a r i e t i e s  o f  p h a g o c y t i c  

s t i m u l u s  (3 .3 .1  -  3 .3 .3 )  o f  w h ic h  l a t e x  p r o v id e d  an  u n o p s o n i s e d  

p a r t i c l e  s t i m u l u s  and  o p s o n i s e d  zym osan  p r o v id e d  p a r t i c l e s  c o a t e d  

p red o m in an tly  w ith  C3b (Henson 1971(b)). S o lu b le  and in s o lu b l e  immune 

c o m p le x e s  p r o v id e d  a  s t i m u l u s  f o r  PMN Fc r e c e p t o r s .  One o f  t h e  n 

f o r m y l  m e t h i o n y l  p e p t i d e s  fo u n d  i n  p r o c a r y o t e s  ( i v )  w as c h o s e n  a s  a 

m ode l c h e m o t a c t i c  s t i m u l u s  (3*3.4) ( S c h i f f m a n n ,  C o rc o ra n  and  W ahl,  

1975, H a tc h  e t  a l  1978) a l t h o u g h  i t  was r e c o g n i s e d  t h a t  d e g r a d a t i v e  

c o m p o n e n ts  o f  t h e  c o m p le m e n t  p a th w a y  a r e  l i k e l y  t o  be t h e  c h i e f  

c h e m o a t t r a c t a n t s  i n  rh e u m a to id  a r t h r i t i s  (1.2.2, 1.3.1).

3 .2  Method

3 . 2 .1 .  G eneral

PMN were i s o l a t e d  from norm al whole blood a s  d e s c r ib e d  in  2.9*1 

Luminol dependent chem ilum inescence  was mesured in  lu m in o m e te rs  'A' o r  

'B ' (2 .8 .1 ) .  L a te x  p a r t i c l e s ,  1pm d i a m e t e r ,  w e re  o b t a i n e d  i n  

s u s p e n s i o n  f rom  Dow d i a g n o s t i c s ,  s u c h  t h a t  10 |i l  s u s p e n s i o n  f u r t h e r
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d i l u t e d  i n  1ml K reb s  medium r e s u l t e d  i n  4 x 10^ l a t e x  p a r t i c l e s / m l  

Zymosan from s .  c e r e v i s i a e  y e a s t  was o p so n ised  a s  d e s c r ib e d  in  2.5 and 

resuspended  in  Krebs medium pH 7.4 on th e  day o f  e x p e r im en t  a t  20mg/ml
o

(9 x 10° p a r t i c l e s / m l ,  p a r t i c l e  s i z e  3 - 4  jum). C h e m o ta c t i c  p e p t i d e  

s to c k  s o lu t i o n  (2.2) was d i l u t e d  in  Krebs medium a s  i n d i c a te d .

3 . 2 .2 .  Immune Compexes

Immune com plexes were formed in  v i t r o  from bov ine  serum album in  

(1 mg/ml Krebs medium, pH 7.4) and th e  p u r i f i e d  1gG f r a c t i o n  ( in  0.15M 

phosphate  b u f fe re d  s a l i n e  pH 7.2) from th e  serum o f  a  r a b b i t  immunised 

w ith  bovine serum album in . The a n t i  bov ine  serum a lbum in  a n t ib o d y  was 

k in d ly  donated  by Dr. B. D. W i l l i a m s ,  S e n io r  L e c tu r e r  in  Rheumatology, 

and was 20% s p e c i f i c  f o r  bov ine  serum a lbum in  w i th  e q u iv a le n c e  ( th e  

r a t i o  o f  an t ib o d y  to  a n t ig e n  which gave th e  maximum c o n c e n t r a t i o n  o f  

in s o lu b l e  com plexes) o c c u r r in g  a t  50p l a n t ib o d y  : 15pg a n t ig e n .  Human 

se ru m  d e p l e t e d  o f  t h e  t e r m i n a l  a t t a c k  c o m p le m e n t  c o m p o n e n t  C9 by 

e x p o s u r e  t o  p o l y c l o n a l  a n t i b o d i e s  t o  C9 was a k in d  g i f t  o f  o f  Dr. B. 

P. Morgan, R esearch  F e llo w , D epartm ent o f  M ed ica l B io c h e m is t ry .

3 . 2 .3 .  C h a r a c t e r i s a t i o n  o f  a  s o l i d  phase  chem ilum inescence i n d i c a t o r  

I n  o r d e r  t o  d e t e r m i n e  w h e th e r  PMN l u m i n o l  c h e m i l u m i n e s c e n c e

r e s u l t e d  p a r t l y  o r  c o m p l e t e l y  f ro m  i n t r a c e l l u l a r  o xygen  r a d i c a l  

g e n e r a t i o n  a m echan ism  f o r  r e t a i n i n g  l u m i n o l  i n  t h e  e x t r a c e l l u l a r  

space was r e q u i r e d .  A ' s o l i d  p h a s e '  p r e p a r a t io n  in  w hich lu m in o l  was 

c o v a l e n t l y  bound t o  s e p h a r o s e  b e a d s  to o  l a r g e  t o  be p h a g o c y t o s e d  by 

PMN w o u ld  h av e  a c h i e v e d  t h i s .  U n f o r t u n a t e l y ,  t h e  m o l e c u l a r  

c o n f i g u r a t i o n  o f  l u m i n o l  w ou ld  n o t  p e r m i t  s u c h  b o n d in g .  I n s t e a d ,  

amino b u ty l  e t h y l  i s o  lu m in o l  (ABEI), a  d e r i v a t i v e  o f  i s o lu r a in o l  was
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l i n k e d  t o  78 + 27pm d i a m e t e r  (m ean + SD, n = 20) p o r o u s  s e p h a r o s e  

b e a d s  by cy a n o g e n  b ro m id e  a s  shown in  F ig .  26 . T h i s  s y n t h e s i s  w as 

k i n d l y  p e r f o r m e d  by Dr. A. K. C a m p b e l l ,  D e p a r tm e n t  o f  M e d ic a l  

B io c h em is t ry .

The c o n c e n t r a t i o n  o f  ABEI i n  th e  s o l i d  phase p r e p a r a t i o n  and th e  

p ro p o r t io n  which was s t i l l  unbound to  sep h a ro se  was d e te rm in e d  u s in g  

an a c e l l u l a r  ch em ilum inescence  a s sa y  f o r  ABEI ad ap ted  from th e  method 

o f  P a t e l  (1 9 8 3 ) .

M icroperox idase /H ydrogen  P e ro x id e  a s s a y  f o r  ABEI

A s to c k  s o l u t i o n  o f  m ic ro p e ro x id a se  (sodium s a l t  from h o rs e  h e a r t  

cy to c h o m e  c) 0 .4 m g /m l i n  T r i s  HCI b u f f e r  pH 7.4 was m a i n t a i n e d  a t  

+4°C f o r  up t o  s i x  w e e k s ,  and  was d i l u t e d  i n  K reb s  medium pH 7.4  t o  a 

c o n c e n t r a t io n  o f  10pg/ml on th e  day o f  ex p e r im en t .  Hydrogen p e ro x id e  

(H2O2) (30 volumes) was d i l u t e d  0.2% (v /v )  in  Krebs medium pH 7.4 to  a 

f i n a l  c o n c e n t r a t i o n  o f  35mM. F lu id  phase  ABEI was d i s s o lv e d  in  25mM 

phosphate  b u f f e r  a t  a  s to c k  c o n c e n t r a t i o n  o f  10mM w hich was f u r t h e r  

d i l u t e d  i n  25mM p h o s p h a te  b u f f e r  pH 7.4 on t h e  day o f  e x p e r i m e n t  t o  

10mM. To a s s a y  ABEI, t h e  b a c k g ro u n d  c h e m i l u m i n e s c e n c e  o f  0 .5 p g /m l  

m ic ro p e ro x id a se  and 0.1 -  1 p m oles ABEI in  500ul Krebs medium pH 7.4 

was m e a su re d  b e f o r e  t h e  i n i t i a t i o n  o f  r e a c t i o n  by a d d i t i o n  o f  35mM 

h y d ro g e n  p e r o x i d e  i n  5 0 0 p l  K reb s  m edium . A r a p i d  i n c r e a s e  i n  

chem ilum inescence  c o u n t / s  r e s u l t e d ,  r e a c h in g  a maximum 10s f o l lo w in g  

th e  a d d i to n  o f  hydrogen p e ro x id e  and t h e r e a f t e r  q u ic k ly  d ecay ing .  The 

l i n e a r  r e l a t i o n s h i p  o f  p eak  h e i g h t  t o  c o n c e n t r a t i o n  o f  ABEI i n  t h e  

range  0.1 -  1 p m oles was e s t a b l i s h e d  (F ig  27).

Measurement o f  s o l i d  phase ABEI

The c o n c e n t r a t i o n  o f  sep h aro se  beads in  th e  n e a t  s o l i d  phase  ABEI 

p r e p a r a t i o n  w as  7 .5  x 10^ b e a d s / m l  25mM p h o s p h a t e  b u f f e r .

(29
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Amino b u ty l  e t h y l  i s o  lum ino l (ABEI) was l in k e d  to  th e  

porous sep h aro se  beads by cyanogen bromide as  shown.
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27 Microperoxidase/hydrogen peroxide assay for ABEI

The graph  shows th e  r e s u l t s  from one experim en t 
in  which maximum chem ilum inescence was measured 
10s fo l lo w in g  th e  a d d i t i o n  o f  35mM in  500/il
Krebs medium pH 7.4 to  0 .5 /ig /m l m ic ro p e ro x id a se  
and 0.1 -  Ipmoles amino b u ty l  e t h y l  i s o  lum ino l 
a l s o  in  500ul Krebs medium pH 7 .4 .  Room te m p e ra tu re .  
P o in t s  r e p r e s e n t  means + SD o f  3 o b s e r v a t io n s .



C h e m i l u m i n e s c e n c e  o f  s o l i d  p h a s e  ABEI i n  t h e  p r e s e n c e  o f  

m i c r o p e r o x i d a s e  was i n i t i a t e d  by a d d i t i o n  o f  H20 2 a s  a b o v e .  L i g h t  

e m i s s i o n  w as so  g r e a t  t h a t  t h e  s o l i d  p h a s e  p r e p a r a t i o n  had  t o  be 

d i l u t e d  to  p re v e n t  damage to  th e  lum inom e te r  p h o t o m u l t i p l i e r  tu b e .  In  

t h i s  way i t  was e s t a b l i s h e d  t h a t  1 0 p l  o f  1 :100  s o l i d  p h a s e  ABEI 

p ro d u c e d  t h e  sam e am o u n t o f  c h e m i lu m in e s c e n c e  a s  4 p i c o m o l e s  f l u i d  

p h a s e  ABEI. By e x t r a p o l a t i o n  50jal n e a t  s o l i d  p h a s e  ABEI w o u ld  g i v e  

e q u i v a l e n t  c h e m i lu m in e s c e n c e  t o  2 n a n o m o le s  f l u i d  p h a s e  ABEI. 

S u p e r n a t a n t  f r o m  t h e  s o l i d  p h a s e  p r e p a r a t i o n ,  o b t a i n e d  by 

c e n t r i f u g a t i o n  a t  10 ,000g  f o r  2 m in  y i e l d e d  o n ly  2.7% o f  t h e  

chem ilum inescence  o f  th e  whole s o l i d  phase p r e p a r a t io n  th u s  i n d i c a t i n g  

t h a t  th e  m a jo r i t y  o f  th e  ABEI was bound to  th e  sep h aro se  beads .

3 .3  R e s u l t s

The a im s  o f  t h e  e x p e r i m e n t s  d e s c r i b e d  i n  t h e  f o l l o w i n g  f o u r  

s u b s e c t i o n s  w ere  f i r s t l y  t o  co m p a re  t h e  d i f f e r e n t  s t i m u l i  o f  PMN 

lu m in o l chem ilum inescence  in  te rm s  o f :

(a )  th e  tim e o f  o n s e t  o f  th e  chem ilum inescence re sp o n se

(b) th e  d u r a t i o n  o f  th e  re sp o n se

(c )  th e  maximum chem ilum inescence ach ieved

and s e c o n d ly  t o  d e f i n e  t h e  d o se  o f  e a c h  s t i m u l u s  w h ic h  c a u s e d  a  PMN 

chem ilum inescence  re sp o n se  which was 50% o f  maximum and w hich co u ld  

t h e r e f o r e  be u se d  t o  i d e n t i f y  e n h a n c in g  o r  i n h i b i t i n g  e f f e c t s  o f  

a d d i t i o n a l  a g e n ts  such a s  d rugs o r  oxygen r a d i c a l  s cav en g e rs .

3 .3 .1  Chemiluminescence o f  PMN s t im u la t e d  by unopsonized  l a t e x  

p a r t i c l e s

S t im u la t io n  o f  PMN by l a t e x  p a r t i c l e s  in  th e  p re se n c e  o f  lu m in o l  

r e s u l t e d  in  a r a p id  in c re a s e  in  l i g h t  e m is s io n ,  a s  shown in  F ig .  28, a
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F ig u re  28 U nopsonised l a t e x  p a r t i c l e  s t im u la t e d  PMN lum ino l 
chem ilum inescence

5
Chemiluminescence t r a c e  produced by 5x10 PMN/ml s t im u la t e d  
by a d d i t i o n  a t  tim e 0 m inu tes  o f  4x10 /ml l a t e x  p a r t i c l e s .  
Krebs medium, pH 7 .4 ,  37°C, 10jiM lu m in o l .



t y p i c a l  t r a c e  produced by lu m in o m e te r  'B'.

F o llo w in g  th e  a d d i t i o n  o f  s t im u lu s  a t  0 min th e r e  was a  20s la g  

b e fo re  chem ilum inescence  r a p i d l y  in c r e a s e d  above th e  background r a t e  

o f  3.8  x 10 c o u n t s / s  t o  a  f i r s t  p eak  o r  s h o u l d e r  a t  60s  from  t h e r e  

r i s i n g  t o  a  l a r g e  s e c o n d  p h a s e  w i t h  a maximum o f  3.9 x 101* c o u n t s / s ,  

2 9 0 s  f o l l o w i n g  t h e  a d d i t i o n  o f  s t i m u l u s .  T h e r e a f t e r  t h e  

chem ilum inescence  decayed in  an e x p o n e n t ia l  f a s h io n  b u t  a t  30 min was 

s t i l l  4.4 x 10^ c o u n t s / s  and th u s  r a i s e d  above th e  o r i g i n a l  background 

l e v e l .  I n  o r d e r  t h a t  t h e  maximum num b er  o f  e x p e r i m e n t s  c o u ld  be 

accom plished  l a t e x  p a r t i c l e  induced PMN lu m in o l  chem ilum inescence  was 

g e n e r a l ly  observed  f o r  on ly  300s fo l lo w in g  a d d i t i o n  o f  s t im u lu s ,  u n t i l  

th e  peak h e ig h t  o f  th e  second phase  had been reco rd ed .

E f f e c t  o f  l a t e x  p a r t i c l e  c o n c e n t r a t i o n

U s i n g  10jiM l u m i n o l ,  t h e  r e l a t i o n s h i p  b e t w e e n  PMN

chem ilum inescence  s t i m u l a t i o n  index  ( s e e  2 .10 )  and  t h e  c o n c e n t r a t i o n

o f  s t i m u l u s  was e s t a b l i s h e d ,  ( F ig  2 9 ) .  A h a l f  m a x im a l  r e s p o n s e
a

o c c u r r e d  a t  a c o n c e n t r a t i o n  o f  2 x 10 l a t e x  p a r t i c l e s / m l .  U n le s s  

o th e rw is e  s t a t e d  t h i s  c o n c e n t r a t i o n  was used in  a l l  su b se q u en t l a t e x  

p a t i c l e  s t im u la t e d  PMN c h e m i lu m in e s c e n c e  e x p e r i m e n t s  a s  i t  e n a b l e d  

e i t h e r  an  e n h a n c e m e n t  o r  an  i n h i b i t i o n  o f  c h e m i l u m i n e s c e n c e  by any  

a d d i t i o n a l  su b s tan ce  to  be d e te c te d .

3.3*2 Chemiluminescence o f  PMN s t im u la t e d  by opson ized  zymosan

S t im u la t io n  o f  PMN by 3mg/ml opson ized  zymosan in  th e  p re se n c e  o f  

l u m i n o l  r e s u l t e d  i n  a s t e a d y  i n c r e a s e  i n  c h e m i l u m i n e s c e n c e  ab o v e  

b a c k g ro u n d  f o l l o w i n g  a  l a g  o f  30s  ( F ig  30 , t r a c e  ( d ) ) .  L i g h t  

i n t e n s i t y  r e a c h e d  a  s i n g l e  p eak  w i t h i n  360s  and  t h e n  d e c a y e d .  

S t im u la t io n  o f  PMN w i th  unopson ised  zymosan (F ig  30, t r a c e  (a)) caused  

o n l y  a  tw o  f o l d  r i s e  i n  c h e m i l u m i n e s c e n c e  a b o v e  b a c k g r o u n d



ST
IM

U
L

A
T

IO
N

 
IN

D
EX

300

200

(00

_ j

o

10 20

xIO I q t e x  p a r t i c l e s / m l

Figure 29 Relationship between PMN chemiluminescence stimulation 
index and latex particle concentration

The graph shoys the results of one experiment 
in which 5x10 PMN/ml were stimulated by the additon 
of 0.2-20x10 /ml latex particles. Points show 
mean +_ SEM for up to three replicate determinations. 
Krebs medium pH 7.^, 37°C, 10jjM luminol.
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(a ) (n o n  o p s o n i s e d )

F ig u re  30 Chemiluminescence o f  PMN s t im u la t e d  by opson ised
zymosan -  e f f e c t  o f  serum d i l u t i o n  d u r in g  o p s o n i s a t i o n .

The graph  shows chem ilum inespence t r a c e s  produced 
by fo u r  p r e p a r a t io n s  o f  5x10 PMN/ml s t im u la t e d  by 
a d d i t i o n  ( a t  arrow ) o f  3mg/ml zymosan which was (a)  
n o t  o g so n ised  o r  ( d ) - ( b )  op so n ised  by p r i o r  exposure  
a t  37 C f o r  30 m inutes  to  normal human serum d i l u t e d  
(1 :2 )  -  (1 :12 )  in  phosphate  b u f f e r e d  s a l i n e  pH 7 -^ .
In  a l l  c a se s  th e  zymosan was washed th r e e  t im es  in  
phosphate  b u f fe re d  s a l i n e  b e fo re  r e s u s p e n s io n  in  
Krebs medium pH 1  . PMN chem ilum inescence was observed
in  Krebs medium, pH 7 -^ ,  37 C, 10uM lu m in o l .



d e m o n s t ra t in g  t h a t  a t  l e a s t  98% o f  chera ilum inescence  observed  in  th e  

f i r s t  t r a c e  was a t t r i b u t a b l e  to  r e c e p to r  m ed ia ted  s t i m u l a t i o n  o f  th e  

PMN by th e  o pson ised  zymosan (Henson 1971(b)).

In c re a s e d  d i l u t i o n  o f  serum in  p hospha te  b u f f e r e d  s a l i n e  pH 7.4 

d u r i n g  t h e  o p s o n i s a t i o n  o f  zym osan  ( s e e  2 .5 )  o v e r  t h e  r a n g e  1:2 t o  

1:12 w as l i k e w i s e  a c c o m p a n ie d  by a d e c r e a s e  i n  t h e  m a g n i tu d e  o f  

c h e m i lu m in e s c e n c e  p ro d u c e d  by PMN s u b s e q u e n t l y  s t i m u l a t e d  by t h e  

zym osan  a s  shown i n  s a m p le  t r a c e s  (d) t o  (b) ( F ig .  3 0 )^ in  a g r e e m e n t  

w i th  th e  r e s u l t s  o f  Easmon e t  a l ,  1980. In  a l l  c a se s  th e  zymosan was 

w a s h e d  t h r e e  t i m e s  i n  p h o s p h a t e  b u f f e r e d  s a l i n e  f o l l o w i n g  

o p s o n is a t io n .

Zymosan was su b se q u e n t ly  a lw ays o p so n ised  in  th e  p re se n c e  o f  50%  

(w /v )  se rum  i n  p h o s p h a te  b u f f e r e d  s a l i n e .  As w i t h  l a t e x  p a r t i c l e s  

( 3 . 3 . 1 ) ,  u s i n g  10jiM l u m i n o l ,  t h e  r e l a t i o n s h i p  b e t w e e n  PMN 

chem ilum inescence  S t im u la t io n  Index and th e  c o n c e n t r a t i o n  o f  s t im u lu s  

w as e s t a b l i s h e d  f o r  o p s o n i s e d  zym osan  ( F ig .  31).  1m g/m l o p s o n iz e d  

zymosan gave th e  h a l f  maximal re sp o n se  and was used in  a l l  su b seq u en t 

e x p e r im en ts  u n le s s  o th e rw is e  in d i c a te d .

3 .3 .3  Chemiluminescence o f  PMN s t im u la t e d  by c h e m o ta c t ic  p e p t id e  

(N -fo rm y l-m e t- leu -p h e )

S t im u la t io n  o f  PMN by th e  s y n t h e t i c  c h e m o ta c t ic  p e p t id e  N -fo rm y l-  

m e t - l e u - p h e  i n  t h e  p r e s e n c e  o f  10jiM l u m i n o l  r e s u l t e d  i n  a  r a p i d  

in c r e a s e  o f  chem ilum inescence ,  f o l lo w in g  a  l a g  o f  20s, w hich ro s e  to  a 

f i r s t  peak o r  sh o u ld e r  a t  60s (F ig  32) a f t e r  which t h e r e  was a  f u r t h e r  

i n c r e a s e  t o  a s e c o n d  l a r g e  p eak  a t  180 -  2 4 0 s  f o l l o w i n g  a d d i t i o n  o f  

s t im u lu s .  The chem ilum inescence  th e n  decayed in  e x p o n e n t ia l  f a s h io n .

When t h e  t i m e  c o u r s e  o f  c h e m o t a c t i c  p e p t i d e  in d u c e d  l u m i n o l  

c h e m i lu m in e s c e n c e  and  oxygen  c o n s u m p t io n  w e re  c o m p a re d  ( F ig .  33) 

c h e m o t a c t i c  p e p t i d e  p ro d u c e d  a l a r g e ,  r a p i d  i n c r e a s e  i n  t h e  r a t e  o f

I32
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F ig u re  31 R e la t io n s h ip  between PMN chem ilum inescence s t im u la t i o n  
index  and o p so n ised  zymosan c o n c e n t r a t i o n

The g raph  shpws th e  r e s u l t s  o f  one experim en t in  
which 5 x 10 PMN/ml were s t im u la t e d  by th e  a d d i t i o n  
o f  0 .02-8m g/ml o p so n ised  zymosan (o p s o n is in g  serum 
d i l u t e d  1 :2 ) .  The p o in t s  r e p r e s e n t  s i n g l e  o b s e r v a t io n s  
w ith  th e  e x c e p t io n  o f  t h a t  f o r  2mg/ml op so n ised  zymosan 
which was th e  mean + SEM o f  t h r e e  o b s e r v a t io n s .
Krebs medium pH 7 .4 ,  37°C, 10/iM lu m in o l.
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F ig u re  32 C hem otactic  p e p t id e  s t im u la t e d  PMN lum inol 
chem ilum inescence

5
Chemiluminescence t r a c e  produced by 5x10 PMN/ml s t im u la t e d  
by a d d i t i o n ,  a t  a rrow , o f  1uM c h em o tac t ic  p e p t id e  
(n formyl met le u  p h e ) .  Krebs medium, pH 7 . ^ ,  37 C,
10̂ iM lu m in o l.
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F ig u re  33 Comparison o f  oxygen consum ption and lum ino l
chem ilum inescence o f  c h em o tac t ic  p e p t id e  s t im u la t e d  
PMN

The graph  shows th e  oxygen consum ption ( ^  ) and 
chem ilum inescence (unbroken l i n e )  o f  4x10 PMN/ml 
s t im u la t e d  by add iK .on  a t  tim e 0 seconds o f  1/iM
ch em o tac t ic  p e p t id e ,  
10̂ iM lu m in o l.

Krebs medium, pH 7 -4 ,  37 C,



oxygen consum ption  ( c f  l a t e x  p a r t i c l e s  2.9) r e a c h in g  a  maximum a t  20s 

which co rresponded  w i th  th e  f i r s t  phase  o f  c h e m o ta c t ic  p e p t id e  induced  

chem ilum inescence . The r a t e  o f  oxygen consum ption  t h e r e a f t e r  decayed 

a l t h o u g h  c h e m i lu m in e s c e n c e  i n c r e a s e d  t o  a  s e c o n d  maximum i n  t h i s  

p a r t i c u l a r l y  b ip h a s i c  t r a c e .  This  d i s s o c i a t i o n  o f  chem ilum inescence  

f r o m  o x y g e n  c o n s u m p t i o n  i n  t h e  s e c o n d  p h a s e  s u g g e s t e d  t h a t  

chem ilum inescence  in  t h i s  phase  r e s u l t e d  e n t i r e l y  from i n t e r a c t i o n  o f  

lu m in o l  w i th  r a d i c a l s  d e r iv e d  from th o s e  g e n e ra te d  in  th e  f i r s t  phase .

As w i t h  l a t e x  p a r t i c l e s  ( 3»3-1) and  o p s o n iz e d  zy m o san  ( 3 .3 .2 ) ,  

th e  r e l a t i o n s h i p  betw een PMN chem ilum inescence  S t im u la t io n  Index  and 

th e  c o n c e n t r a t i o n  o f  s t im u lu s  was e s t a b l i s h e d  f o r  c h e m o ta c t ic  p e p t id e  

( d a t a  n o t  show n). 0.1|iM c h e m o t a c t i c  p e p t i d e  g av e  t h e  h a l f  m a x im a l  

re sp o n se  and was used in  a l l  subsequen t e x p e r im en ts  u n le s s  o th e rw is e  

i n d i c a t e d .

The r e l a t i o n s h i p  b e tw e e n  m a g n i tu d e  and  t i m e  c o u r s e  o f  t h e  

chem ilum inescence  re sp o n se s  to  th e  t h r e e  s t i m u l i  f o r  PMN ta k e n  from 

one p r e p a r a t io n  i s  shown in  F ig . 3^. The peak h e ig h t  o f  th e  re s p o n s e  

to  l a t e x  beads was 15 fo ld  l a r g e r  th a n  th e  peak h e ig h t  o f  th e  re s p o n se  

t o  c h e m o t a c t i c  p e p t i d e .  The r e s p o n s e  t o  o p s o n i s e d  zym osan  w as o f  

i n t e r m e d ia te  s i z e .

3 .3*^  Chemiluminescence o f  PMN s t im u la t e d  by immune complexes

F o l lo w in g  t h e  a d d i t i o n  o f  i n s o l u b l e  r a b b i t  a n t i - b o v i n e  s e ru m  

album in  -  bovine serum a lbum in  immune com plexes formed a t  e q u iv a le n c e  

(50pl 1gG : 15jig bovine serum a lb u m in ) ,  PMN lu m in o l  ch em ilu m in escen c e  

in c re a s e d  r a p id l y  above background f o l lo w in g  a  l a g  o f  20s,  r e a c h in g  a 

f i r s t  p eak  o r  s h o u l d e r  a t  60 -  100s f o l l o w i n g  a d d i t i o n  ( F ig .  3 5 (a ) )  

and  t h e n  e i t h e r  p l a t e a u e d  o r  r o s e  t o  a s e c o n d  l a r g e r  p e a k  a t  

a p p ro x im a te ly  200s, a f t e r  which chem ilum inescence  g r a d u a l ly  decayed .

I 3 3



( a )

(c)

(b )

2 x l0 .C 0 U N T S /s

1 0 0 s

F ig u re  34 Comparison o f  PMN chem ilum inescence re sp o n s e s  
to  t h r e e  d i f f e r e n t  s t i m u l i

Chemiluminescence t r a c e s  produced by 5.7x10 PMN/ml 
fo l lo w in g  a d d i t i o n  ( a t  arrow ) o f  (a )  4x10 /ml 
l a t e x  p a r t i c l e s ,  (b) 2mg/ml o pson ised  zymosan
(c)  1̂ iM ch em o tac tic  p e p t id e .  Krebs medium pH
7 .4 ,  37°C, 10yuM lu m in o l.
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F ig u re  35 Chemiluminescence o f  PMN s t im u la t e d  by immune complexes 
formed a t  e q u iv a le n c e

5
Chemiluminescence t r a c e s  produced by 5x10 PMN/ml 
s t im u la t e d  by a d d i t i o n ,  a t  t im e 0 seconds o f  (a )
50p l r a b b i t  (1gG) a n t i  bov ine  serum album in: 15/Jg 
bovine serum a lbum in , (b) 50u l r a b b i t  (1gG) a n t i  
bov ine serum album in a lo n e  and (c )  15jug bovine serum 
a lbum in . Krebs medium pH 7 .U , 37°C, 10juM lu m in o l.



A ddition  o f  a n t ig e n  a lo n e  (15jug bovine serum a lbum in) caused  no change 

in  th e  background lu m in o l  chem ilum inescence  produced by r e s t i n g  PMN 

( F ig .  3 5 (c ) )  b u t  a d d i t i o n  o f  a n t i b o d y  a l o n e  (50^ul 1gG) p ro d u c e d  a 

s m a l l ,  b ip h a s ic  in c r e a s e  in  PMN ch em ilum inescence  r e a c h in g  a  maximum 

a t  170s (F ig . 35(b)) w hich was o f  th e  peak ach iev ed  when PMN were 

s t im u la t e d  by immune com plexes. This  low l e v e l  in c r e a s e  o f  lu m in o l  

PMN chem ilum inescence  produced by a d d i t i o n  o f  1gG a lo n e  su g g e s te d  t h a t  

PMN w ere  s t i m u l a t e d  e i t h e r  by m o n o m e r ic  1gG, o r  by s p o n t a n e o u s l y  

formed 1gG a g g r e g a te s ^ o r  by a  low c o n c e n t r a t i o n  o f  a n t i - b o v in e  serum 

a l b u m in  -  b o v in e  se ru m  a l b u m in  immune c o m p le x e s  r e s u l t i n g  f ro m  

c o n t a m i n a t i o n  o f  t h e  s t i m u l u s  a d d i t i v e  s y r i n g e  w i t h  b o v in e  se ru m  

a lbum in .

When PMN w e re  s t i m u l a t e d  by immune c o m p le x e s  fo rm e d  f ro m  t h e  

com bina tion  o f  a n t ig e n  and a n t ib o d y  in  d i f f e r i n g  r a t i o s ,  a  v a r i a t i o n  

i n  t h e  l u m i n o l  c h e m i lu m in e s c e n c e  r e s p o n s e  was o b s e r v e d .  The 

chem ilum inescence  s t i m u l a t i o n  in d e x  (2 .1 0 )  was m a x im a l  when im m une 

com plexes were formed a t  e q u iv a le n c e  (50yUl 1gG : 15-20ug bov ine  serum 

afb.umin) (F ig . 36) and d ec re a se d  w i th  i n c r e a s in g  a n t ig e n  o r  a n t ib o d y  

c o n c e n t r a t io n s .  The maximum ch em ilum inescence  was th e r e f o r e  produced  

when PMN w ere  s t i m u l a t e d  by t h e  h i g h e s t  c o n c e n t r a t i o n  o f  i n s o l u b l e  

immune com plexes.

The PMN l u m i n o l  c h e m i l u m i n e s c e n c e  r e s p o n s e  t o  s t i m u l a t i o n  by 

immune c o m p le x e s  fo rm ed  a t  e q u i v a l e n c e  i n c r e a s e d  w i t h  i n c r e a s i n g  

c o n c e n t r a t i o n s  o f  immmune com plexes a s  shown in  F ig . 37.

When PMN w e re  p r e i n c u b a t e d  w i t h  2%  n o r m a l  human se ru m  ( v / v  i n  

Krebs Medium pH 7.4) a t  37°C f o r  5 min p r i o r  to  th e  a d d i t i o n  o f  immune 

complexes formed a t  e q u iv a le n c e  (50jal 1gG : 15pg bovine serum a lb u m in  

1:1) th e  PMN chem ilum inescence  re sp o n se  was 3 t im e s  g r e a t e r  th a n  t h a t  

o b s e r v e d  when immune c o m p le x e s  w ere  a d d ed  in  t h e  a b s e n c e  o f  s e ru m
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F ig u re  36 Chemiluminescence o f  PMN s t im u la t e d  by immune complexes 
formed in  th e  p re se n c e  o f  v a ry in g  q u a n t i t i e s  o f  a n t ig e n

The graph  r e p r e g e n t s  th e  r e s u l t s  o f  one experim en t 
in  which 5 x 10 PMN/ml were s t im u la t e d  in  th e  p re sen ce  
o f  immune complexes formed by com bination  o f  50jul 
r a b b i t  (1gG) a n t i  bov ine  serum album in (a n t ib o d y )  
w ith  v a ry in g  q u a n t i t i e s  bov ine serum album in ( a n t i g e n ) .  
Krebs medium pH 7 .4 ,  37°C, 10̂ iM lu m in o l.
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F ig u re  37 R e la t io n s h ip  o f  PMN chem ilum inescnece s t im u la t io n
index  and c o n c e n t r a t i o n  o f  immune complexes ( i n s o l u b l e ) .

5
Chemiluminescence o f  5x10 PMN/ml s t im u la t e d  by immune 
complexes formed a t  e q u iv a le n c e  (5 0 u l r a b b i t  (1gG) 
a n t i  bov ine serum album in: 15pl bov ine serum album in) 
and d i l u t e d  in  Krebs medium pH 7 .4 ,  2:1 -  1 :16 , 37°C, 
lO^M lu m in o l.



( F i g .  38 (b )  a n d  ( a ) ) .  T he  s e r u m  w a s  o b t a i n e d  f r o m  f r e s h l y  

v e n e s e c t e d  w h o le  b lo o d  w h ic h  had  b e e n  a l l o w e d  t o  c l o t  a t  room 

t e m p e r a t u r e  f o r  45 m in ,  and  w as n o t  h e a t  t r e a t e d .  A 2.6 f o l d  

e n h a n c e m e n t  o f  PMN c h e m i l u m i n e s c e n c e  a l s o  o c c u r r e d  when PMN w e re  

s t i m u l a t e d  by immmune c o m p le x e s ,  ( f o rm e d  a t  e q u i v a l e n c e )  i n  t h e  

p r e s e n c e  o f  se ru m  w h ic h  had  b een  d e p l e t e d  o f  t h e  t e r m i n a l  a t t a c k  

complement component C9 (F ig . 38 (c)) .

3 .3 -5  L o c a l i s a t i o n  o f  PMN lum ino l chem ilum inescence

I n  o r d e r  t o  d e t e r m i n e  w h a t  p r o p o r t i o n  o f  l u m i n o l  d e p e n d e n t  

c h e m i lu m in e s c e n c e ,  and  t h u s  v jha t p r o p o r t i o n  o f  oxygen  r a d i c a l s  

p ro d u c e d  by s t i m u l a t e d  PMN o c c u r r e d  e x t r a c e l l u l a r l y ,  th e  fo l l o w in g  

ex p e r im en ts  were c a r r i e d  o u t : -

1. S t im u la t io n  o f  PMN w i th  l a t e x  p a t i c l e s  in  th e  p re sen ce  o f  a  s o l i d  

phase  chem ilum inescence  i n d i c a t o r  which was non p h ag o cy to sa b le  and 

th u s  would n o t  d e t e c t  i n t r a c e l l u l a r  oxygen r a d i c a l s .

2 .  S t im u la t io n  o f  PMN in  th e  p re sen ce  o f  th e  m ic r o f i l i a m e n t  i n h i b i t o r  

c y to c h a la s in  B which was known n o t  o n ly  to  i n h i b i t  p h a g o c y to s is  

b u t  a l s o  t o  e n h a n c e  e x t r a c e l l u l a r  s e c r e t i o n  o f  m y e l o p e r o x i d a s e  

(Z u r ie r ,  H o f f s t e in  and Weissmann 1973(b)).

3. I n v e s t i g a t i o n  o f  th e  e f f e c t  o f  t im e  o f  a d d i t i o n  o f  th e  im perm ean t 

su p e ro x id e  d is m u ta s e  on PMN lu m in o l  dependen t ch em ilum inescence  to  

d e te rm in e  w hether  i t s  p re v io u s ly  d e m o n s t r a t e d  i n h i b i t o r y  e f f e c t

(2 .1 1 .3 )  o c c u r r e d  p red o m in an tly  i n t r a -  o r  e x t r a c e l l u l a r l y .

1) PMN chem ilum inescence i n  th e  p re se n c e  o f  a  s o l i d  phase 

chem ilum inescence i n d i c a t o r  

B e f o r e  a t t e m p t i n g  t o  m e a s u re  s p e c i f i c a l l y  PMN e x t r a c e l l u l a r  

c h e m i lu m in e s c e n c e  u s i n g  t h e  s o l i d  p h a s e  s e p h a r o s e  b ead  l i n k e d  ABEI 

(amino b u ty l  e t h y l  i s o  lu m in o l)  ch em ilum inescence  i n d i c a t o r  (3-2.3) i t
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F ig u re  38 E f f e c t  o f  serum (normal and C9 d e p le te d )  on th e
Chemiluminescence o f  PMN stimu3o.fc4 by in s o lu b le  immune 
com plexes .

5
Chemiluminescence t r a c e s  produced  by 5 x 10 PMN/ml 
which were p re  in c u b a te d  w ith  (b) 2% (v /v )  normal 
human serum, (c )  2% (v /v )  human serum d e p le te d  o f  
complement component C9 o r  (a )  no serum, b e fo re  s t i m u l a t i o n  
by a d d i t i o n  ( a t  0 seconds)  o f  immune complexes formed 
a t  e q u iv a le n c e  (50u l r a b b i t  (1gG) a n t i  bov ine serum 
a lbum in: 15pg bovine serum a lb u m in ) .  Krebs medium 
pH 7 -4 ,  37°C, 10jiM lu m in o l.



was n e c e ss a ry

( i )  To d e t e r m i n e  t h e  t i m e  c o u r s e  and  c h a r a c t e r i s t i c s  o f  t h e  

c h e m i lu m in e s c e n c e  w h ic h  w o u ld  r e s u l t  f rom  s t i m u l a t i o n  o f  PMN (by 

l a t e x  p a r t i c l e s )  in  th e  p re se n c e  o f  f l u i d  phase ABEI

( i i )  to  d e te rm in e  w he the r  th e  p re se n c e  o f  c o n t r o l  sep h a ro se  beads 

would enhance o r  i n h i b i t  l a t e x  p a r t i c l e  s t im u la t e d  PMN ' f l u i d  p h a se '  

ABEI chem ilum inescence

and  ( i i i )  t o  d e t e r m i n e  w h a t  c h e m i lu m in e s c e n c e  w o u ld  r e s u l t  f ro m  

s t i m u l a t i o n  o f  PMN in  th e  p re se n c e  o f  th e  s u p e rn a ta n t  from th e  s o l i d  

p h a s e  ABEI p r e p a r a t i o n  a l o n e .  T he s u p e r n a t a n t  h a d  o n l y  b e e n  

r e s p o n s ib le  f o r  2.7% o f  th e  ch em ilum inescence  r e s u l t i n g  from r e a c i t o n  

o f  s o l i d  phase ABEI i n  th e  m ic r o p e r o x id a s e /^ C ^  a ssa y  (3.2.3)

( i )  C h a r a c t e r i s a t i o n  o f  PMN ABEI chem ilum inescence -  com parison w i th

lum ino l

The chem ilum inescence  o f  PMN s t i m u l a t e d  by l a t e x  p a r t i c l e s  i n  th e  

p r e s e n c e  o f  1 0 n m o les  (10jaM) f l u i d  p h a s e  ABEI was m o n i to r e d  an d  

c o m p ared  w i t h  t h a t  o f  PMN s t i m u l a t e d  i n  t h e  p r e s e n c e  o f  1 0 n m o les  

(10pM) lu m i n o l  ( F ig  39).  IN t h e  p r e s e n c e  o f  ABEI t h e r e  was a r a p i d  

i n c r e a s e  i n  c h e m i lu m in e s c e n c e  c o u n t s / s  above background f o l lo w in g  a 

la g  o f  10s, and re a c h in g  a peak a t  30s which co rresponded  to  th e  f i r s t  

phase o f  lu m ino l ch em ilum inescence  a l th o g h  i t s  m agnitude was o n ly  6% 

o f  t h a t  o f  t h e  l u m i n o l  f i r s t  p h a s e .  T h e r e a f t e r  t h e  ABEI 

c h e m i lu m in e s c e n c e  r a p i d l y  d e c a y e d ,  in  g e n e ra l  p la t e a u i n g  a t  a  l e v e l  

i n t e r m e d i a te  betw een background and peak h e ig h t  (F ig  40(a)) a l th o u g h  

a s  in  F ig . 39, a  secondary  g ra d u a l  r i s e  was som etim es observed .  In  no 

ABEI t r a c e  h o w e v e r  was a  l a r g e  r i s e  t o  a  s e c o n d a r y  p eak  o b s e r v e d  a s  

w i th  PMN lu m in o l  chem ilum inescence .
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F ig u re  39 Comparison o f  lum inol and ABEI PMN.Chemiluminescence

6Chemiluminescence t r a c e s  produced by 1 x 10 PMN/ml 
s t im u la t e d  by a d d i t i o n  ( a t  tim e 0 seconds)  o f  4x10 l a t e x  
p a r t i c l e s / m l  in  th e  p re sen ce  o f  10^M lum ino l o r  10uM 
ABEI (amino b u ty l  e t h y l  i s o  lu m in o l ) .  Krebs medium 
pH 7 -4 ,  37°C



(b)
J f

5 6  r C O U N T S /s

1 0 0 s

F ig u re  40 Measurement o f  e x t r a c e l l u l a r  PMN chem ilum inescence 
u s in g  ’ s o l i d  p h a s e 1 se p h a ro se  l in k e d  ABEI

Chemiluminescence t r a c e s  produced by 1x1Q^PMN/ml 
s t im u la t e d  a t  arrow s by a d d i t i o n  o f  4x10 /ml 
l a t e x  p a r t i c l e s  in  t h e  p re se n c e  o f
(a )  2juM ABEI (= 2nmoles ABEI)
(b) 2 ] M  ABEI + 50ul ' c o n t r o l '  s ep h a ro se  beads
(c)  50/il s ep h a ro se  l in k e d  ABEI
(d) 50jal s u p e r n a ta n t  from sep h a ro se  l in k e d  ABEI 

Krebs medium, pH 7 .4 ,  37°C.
In  an a c e l l u l a r  m icroperoxidase/H ^O ^ a s s a y  f o r  
ABEI ( 3 .2 .3 )  th e  chem ilum inescence o f  50jal s e p h a ro s e  
l in k e d  ABEI was e q u iv a le n t  to  2nmoles f l u i d  phase  
ABEI.



(ii) Effect of control sepharose beads on PMN ABEI ohemiluminescence

Using th e  ra ic ro p e ro x id ase / I^ C ^  a s s a y  i t  had been e s t a b l i s h e d  t h a t  

5C^il o f  th e  s o l i d  phase  ABEI p r e p a r a t io n  would g iv e  ch em ilu m in escen ce  

e q u i v a l e n t  t o  2 n m o le s  (2j iM) o f  t h e  ' f l u i d  p h a s e '  ABEI ( 3 .2 .3 ) .  To 

d e t e r m i n e  w h e th e r  t h e  s e p h a r o s e  b e a d s  w ou ld  h av e  any  e n h a n c in g  o r  

i n h i b i t o r y  e f f e c t  on PMN ch em ilu m in escen ce ,  th e  c e l l s  w ere s t i m u l a t e d  

by l a t e x  p a r t i c l e s  i n  t h e  p r e s e n c e  o f  2jiM ABEI, and i n  t h e  p r e s e n c e  

and absence o f  50fil c o n t r o l  (non ABEI l in k e d )  s e p h a ro se  beads (F ig  40,

(a)  and  (b ) ) .  The m a g n i tu d e  and  c h a r a c t e r  o f  t h e  c h e m i l u m i n e s c e n c e  

was n o t  a f f e c t e d  by th e  c o n t r o l  b e a d s .

( i i i )  Chem ilum inescence o f  PMN s t i m u l a t e d  in  th e  p re s e n c e  o f  s u p e r n a ta n t  

from ' s o l i d  p h a s e '  ABEI

S t i m u l a t i o n  o f  PMN by l a t e x  p a r t i c l e s  i n  t h e  p r e s e n c e  o f  5 0 p l  

s u p e r n a t a n t  f r o m  ' s o l i d  p h a s e '  ABEI y i e l d e d  a lo w  l e v e l  o f  

chem ilum inescence  (F ig  40(d)) i n  which a b ip h a s ic  p a t t e r n  cou ld  n o t  be 

d i s t i n g u i s h e d  b u t th e  peak h e ig h t  was o n ly  10% o f  t h a t  a t t a i n e d  in  th e  

p re sen ce  o f  2nmoles (2juM) ABEI (F ig  40 (a )  and ( b ) ) .

( iv )  Chemiluminescence o f  PMN s t im u la t e d  in  th e  p re se n c e  o f  

' s o l i d  p h a s e '  ABEI

S t i m u l a t i o n  o f  PMN by l a t e x  p a r t i c l e s  i n  t h e  p r e s e n c e  o f  5 0 j i l  

' s o l i d  p h a s e '  ABEI a l s o  y i e ld  a low l e v e l  o f  chem ilum inescence  (F ig  40

(c)) i n  which a  f i r s t  phase was more d i s c e r n i b l e ,  b u t  th e  peak h e ig h t  

was a g a in  on ly  17% o f  t h a t  a t t a i n e d  when c e l l s  were s t im u la t e d  in  th e  

p re sen ce  o f  2nmoles (2yuM) ABEI, th e  c o n c e n t r a t i o n  o f  ABEI w hich  gave 

an e q u i v a l e n t  c h e m i lu m in e s c e n c e  i n  t h e  m i c r o p e r o x i d a s e / I ^ ^ ^  a s s a y

(3.2.3). When th e  chem ilum inescence  c o u n ts  over th e  f i r s t  210 seconds  

f o l lo w in g  a d d i t i o n  o f  s t im u lu s  were i n t e g r a t e d  f o r  t r a c e s  (c) and (d) 

F i g  40 ( s o l i d  p h a s e  ABEI a n d  s o l i d  p h a s e  ABEI s u p e r n a t a n t

I3T



r e s p e c t iv e l y )  th e  chem ilum inescence  o b ta in e d  w i th  th e  s u p e r n a ta n t  was 

75% o f  t h a t  o b t a i n e d  w i t h  t h e  w h o le  p r e p a r a t i o n .  Thus a  minimum o f  

25% o f  t h e  s o l i d  p h a s e  ABEI c h e m i l u m i n e s c e n c e  h a d  o c c u r r e d  

e x t r a c e l l u l a r l y .  T h is  f r a c t i o n ,  how ever, o n ly  r e p r e s e n te d  5% o f  th e  

i n t e g r a t e d  chem ilum inescence  co u n ts  when c e l l s  were s t i m u l a t e d  in  th e  

p r e s e n c e  o f  2jjM ABEI ( F ig  40 ( a ) ) .

The d isc re p a n c y  in  th e  s i z e s  o f  f l u i d  phase and s o l i d  phase  ABEI 

chem ilum inescence  may have been a t t r i b u t a b l e  to  in a d e q u a te  m ix ing  o f  

PMN w i t h  t h e  l a t t e r .  F u r t h e r ,  i n  t h e  c a s e  o f  t h e  a c e l l u l a r  

chem ilum inescence  g e n e ra te d  by t h e  m i c r o p e r o x id a s e / H ^ O ^  a s s a y ,  t h e  

r e a c t i n g  s u b s ta n c e s  would have had more ready  a c c e s s  to  ABEI bonded to  

i n t e r n a l  s u r f a c e s  o f  th e  sep h aro se  b ead s .

2) E f f e c t  o f  C y to c h a la s in  B

C y t o c h a l a s i n  B, a  m e t a b o l i t e  o f  t h e  m old H e lm in th o s p o r iu m  

d e m a t io d e u m  ( C a r t e r ,  1967) was known t o  r e v e r s i b l y  i n h i b i t  PMN 

l o c o m o t i o n ,  p h a g o c y t o s i s  and  g l y c o l y s i s  v i a  an  a c t i o n  on t h e  

p e r ip h e r a l  c y to p la sm ic  f i l a m e n to u s  ne tw ork  (Zigmond and H ir s c h  1972). 

D ecreased PMN oxygen consum ption  (Roos e t  a l  1976) in c re a s e d  r e l e a s s e  

o f  02*~ and HgOg (G o ld s te in  e t  a l  1975; C u rn e t te  and B abior  1975; Root 

and M e tc a l f  1977) and in c re a s e d  r e l e a s e  o f  ly so so m al enzymes (Z u r ie r  

e t  a l  1973(b ))  had  a l s o  b e e n  shown t o  e n s u e  f ro m  i t s  p r e s e n c e  d u r i n g  

th e  s t i m u l a t i o n  o f  PMN by p h ag o cy t ic  s t i m u l i ,  and C y to c h a la s in  B had 

th u s  in c r e a s in g ly  been used a s  a model f o r  ' f r u s t r a t e d  p h a g o c y to s i s '  

(W eissraann  1982) (1 .2 .1 ) .  By i t s  p r e v e n t i o n  o f  f o r m a t i o n  o f  t h e  

phagolysosom e, c y to c h a la s in  B p o t e n t i a l l y  o f f e r e d  a  f u r t h e r  means o f  

d i s s e c t i n g  PMN lu m in o l  chem ilum inescence  t o  d e te rm in e  what p r o p o r t i o n s  

o ccu rred  i n t r a -  o r  e x t r a - c e l l u l a r l y .

F o l l o w i n g  i n c u b a t i o n  o f  PMN w i t h  c y t o c h a l a s i n  B (5)ug /m l)  an d  

l u m i n o l  a t  37°C f o r  5 m in ,  PMN b a c k g ro u n d  c h e m i l u m i n e s c e n c e  w as
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d e c r e a s e d  (18 .6  + 6/6, mean + S.D., n = 3) co m p a re d  w i t h  PMN i n c u b a t e d  

w i t h o u t  c y t o c h a l a s i n  B. F o l l o w i n g  a d d i t i o n  o f  c h e m o t a c t i c  p e p t i d e  

c h e m i lu m in e s c e n c e  c o u n t s / s  im m e d i a te l y  ( i . e .  no la g )  in c r e a s e d .  The 

r e s u l t a n t  t r a c e  was n o t  on ly  2 -3  f o ld  l a r g e r  th a n  c h e m o ta c t ic  p e p t id e  

induced  chem ilum inescence  i n  th e  absence  o f  c y t o c h a la s i n  B (F ig  41), 

bu t was a l s o  m arkedly  b ip h a s ic .  The f i r s t  phase reac ed  a maximum a t  

40-50s and th e  second , l a r g e r  phase reached  a maximum o f  230s.

By c o n t r a s t ,  when PMN p r e i n c u b a t e d  w i t h  c y t o c h a l a s i n  B and  

l u m i n o l  w e re  s t i m u l a t e d  by o p s o n i s e d  zym osan  ( F ig  42) o n l y  a  s m a l l ,  

s lo w  i n c r e a s e  i n  c h e m i lu m in e s c e n c e  c o u n t s / s  r e s u l t e d ,  r e a c h i n g  a 

maximum w h ic h  was o n ly  1256 o f  t h a t  a c h i e v e d  i n  t h e  a b s e n c e  o f  

c y to c h a la s i n  B.

3) E f f e c t  o f  tim e o f  a d d i t i o n  o f  su p e ro x id e  d ism u tase  on i t s  

i n h i b i t i o n  o f  PMN lum ino l chem ilum inescence

S t i m u l a t i o n  o f  PMN i n  t h e  p r e s e n c e  o f  ad d ed  e x t r a c e l l u l a r  

s u p e r o x i d e  d i s m u t a s e  i s  l i k e l y  t o  be a c c o ra p a n M  by p a s s a g e  o f  t h i s  

e n z y m e  i n t r a c e l l u l a r l y  e i t h e r  d u r i n g  t h e  f o r m a t i o n  o f  t h e  

phagolysosome o r  d u r in g  e n d o c y to s i s  bu t n o t  by s im p le  d i f f u s i o n .  Thus 

th e  i n h i b i t i o n  o f  PMN lu m in o l  ch em ilum inescence  which o c c u r re d  when 

PMN w e re  p r e - i n c u b a t e d  w i t h  s u p e r o x i d e  d i s m u t a s e  p r i o r  t o  t h e i r  

s t i m u l a t i o n  by l a t e x  p a r t i c l e s  (2.11, F ig  21) may have r e s u l t e d  from 

s c a v e n g i n g  o f  i n t r a c e l l u l a r  I f  t h e  a c t i o n  o f  s u p e r o x i d e

d i s m u t a s e  on  PMN c h e m i l u m i n e s c e n c e  o c c u r r e d  p r e d o m i n a n t l y  

e x t r a c e l l u l a r l y  how ever, a d d i t i o n  o f  th e  enzyme a f t e r  th e  a d d i t i o n  o f  

s t im u lu s  would be expec ted  to  p ro v id e  th e  same degree  o f  i n h i b i t i o n  as  

o cc u rs  when i t  i s  added p r i o r  to  th e  s t i m u l a t i o n .

To t e s t  t h i s  h y p o th e s is  su p e ro x id e  d is m u ta se  was added to  th e  PMN 

s u s p e n s i o n  2 0 s  and  90s f o l l o w i n g  a d d i t i o n  o f  s t i m u l u s ,  i n  s e p a r a t e
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Figure 41 Effect of cytochalasin B on chemotactic peptide 
induced PMN chemiluminescence

5Chemiluminescence traces produced by 5x10 PMN/ml 
stimulated at arrows by addition of 1pM chemotactic 
peptide. The usual PMN chemiluminescence response 
to this stimulus is shown in (a). The response 
in the presence of 5pg/ml cytochalasin B with which 
the cells were pre-incubated for 5 minutes prior 
to the addition of stimulus is shown in (b). Krebs 
medium, pH 7-^, 37°C, 10juM luminol.
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Figure 42 Effect of cytochalasin B on opsonised zymosan 
induced PMN chemiluminescence

5Chemiluminescence traces produced by 5x10 PMN/ml 
stimulated at arrow by addition of 1mg/ml opsonised 
zymosan. The usual PMN chemiluminescence response 
to this stimulus is shown in (a). The response 
in the presence of 5jug/ml cytochalasin B with which 
the cells were pre-incubated for 5 minutes prior 
to the additon of stimulus is shown in (b). Krebs 
medium, pH 7-4, 37°C, 10̂ aM luminol.



e x p e r i m e n t s  (F ig  43 (b) and  ( c ) ) .  P r e i n c u b a t i o n  o f  t h e  c e l l s  w i t h  

su p ero x id e  d ism u ta se  (50pg/m l) p r i o r  to  t h e i r  s t i m u l a t i o n  w i th  l a t e x  

p a r t i c l e s  r e s u l t e d  i n  a  75% i n h i b i t i o n  (F ig  43 (a ) ) ,  w hereas  a d d i t i o n  

o f  th e  enzyme a t  20s r e s u l t e d  i n  only  a 46% i n h i b i t i o n  and a d d i t i o n  a t  

90s  r e s u l t e d  i n  no i n h i b i t i o n ,  r a t h e r  a  s l i g h t  e n h a n c e m e n t  was 

o b s e r v e d  ( F ig  43 ( c ) ) .

3 .4  D isc u ss io n

The e x p e r i m e n t s  d e s c r i b e d  i n  t h i s  c h a p t e r  c h a r a c t e r i s e d  t h e  

l u m i n o l  d e p e n d e n t  c h e m i lu m in e s c e n c e  o f  PMN e x p o s e d  t o  f o u r  'm o d e l  

s t i m u l i '  and  e s t a b l i s h e d  t h e  am oun t o f  e a c h  s t i m u l u s  w h ic h  was 

r e q u i r e d  t o  g iv e  a  h a l f  m a x im a l  r e s p o n s e .  T h re e  s t i m u l i  ( l a t e x  

p a r t i c l e s ,  in s o lu b le  immune com plexes and c h e m o ta c t ic  p e p t id e )  evoked 

b i p h a s i c  PMN c h e m i l u m i n e s c e n c e  r e s p o n s e s .  T he  b i p h a s i c  

c h e m i lu m in e s c e n c e  p ro v o k e d  by c h e m o t a c t i c  p e p t id e  was enhanced and 

e x a g g e r a t e d  by t h e  p r e s e n c e  o f  t h e  m i c r o f i l a m e n t  i n h i b i t o r  

c y t o c h a l a s i n  B, and  i t s  ' s e c o n d  p h a s e '  was u n a c c o m p a n ie d  by any  

s e c o n d a r y  r i s e  i n  t h e  r a t e  o f  o x y g e n  c o n s u m p t i o n .  A l t h o u g h  

d i f f i c u l t i e s  were en co u n te red  in  th e  use  o f  a ' s o l i d  p h a se '  i s o lu m in o l  

chem ilum inescence  i n d i c a t o r ,  p a r t  o f  PMN chem ilum inescence  was found 

t o  be e x t r a c e l l u l a r  t h u s  s u p p o r t i n g  r e l e a s e  o f  o x y g en  r a d i c a l s  by 

th e s e  c e l l s .

F o r  e a c h  o f  t h e  m o d e l  s t i m u l i ,  PMN l u m i n o l  d e p e n d e n t  

chem ilum inescence  t r a c e s  were c h a r a c t e r i s e d  by th e  t im e  o f  o n s e t  o f  

t h e  r e s p o n s e  f o l l o w i n g  a d d i t o n  o f  s t i m u l u s ,  t h e  d u r a t i o n  o f  t h e  

re sp o n se  and th e  maximum peak h e i g h t  a c h i e v e d .  U n le s s  s p e c i f i c a l l y  

i n d i c a t e d  ' a l l  e x p e r i m e n t s  w e re  c a r r i e d  o u t  i n  t h e  a b s e n c e  o f  

e x t r a c e l l u l a r  p r o t e i n  and u n d e r  t h e  c o n d i t i o n s  o f  t e m p e r a t u r e ,  pH, 

l u m i n o l  c o n c e n t r a t i o n  and  c a t i o n  c o n c e n t r a t i o n  p r e v i o u s l y  d e f i n e d  

(2 .1 2 .2 ) .  Some s i m i l a r i t i e s  b u t  s e v e r a l  d i f f e r e n c e s  w e re  n o te d  on
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100s

latex p a r t i c l e s

Figure 4 3 Effect of time of addition of superoxide dismutase on 
its inhibition of PMN luminol chemiluminescence

5Chemiluminescence traces produced by 5.5x10 PMN/ml 
stimulated by addition at arrow of 4x10 /ml latex particles 
in (a) cells were pre-incubated with 50ug/ml superoxide 

dismutase for 5 minutes.
(b) 50^ig/ml superoxide dimutase was added 20s after 

stimulus.
(c) 50/ig/ml superoxide dismutase was added 90s after 

stimulus.
(d) no superoxide dismutase was present.

Krebs medium, pH 7-4, 37°C, 10jiM luminol.



com parison  o f  th e s e  t r a c e s  w i th  th o s e  p u b l ish e d  by o th e r  groups p r i o r  

to  o r  c o n c u r r e n t l y  w i t h  t h e  w ork  o f  t h i s  t h e s i s .  W h ile  t h i s  may i n  

p a r t  be a t t r i b u t a b l e  to  th e  in c re a s e d  s e n s i t i v i t y  o f  th e  'home b u i l t '  

lum inom eters  used in  ou r  l a b o r a to r y ,  more im p o r ta n t  f a c t o r s  a r e  l i k e l y  

to  have been o th e r  v a r i a t i o n s  used in  th e  g e n e r a t io n  and d e t e c t i o n  o f  

PMN lu m in o l  dependent ch em ilum inescence  (Table 10, 1.4.2), le a d in g  to

d i f f e r e n c e s  n o t  on ly  i n  th e  r a t e  o f  PMN s t i m u l a t i o n  and o x id a t io n ,  b u t  

a l s o  in  th e  c o n te n t  o f  th e  a v a i l a b l e  oxygen r a d i c a l  poo l.  Examples 

o f  t h e  d i f f e r e n t  l u m i n o l  c o n c e n t r a t i o n s ,  t e m p e r a t u r e s  and  p r o t e i n  

c o n c e n t r a t io n s  used by o th e r  groups a r e  p rov ided  in  Tab le  16.

The c o n c e n t r a t i o n s  o f  l a t e x  p a r t i c l e s ,  o p s o n i s e d  zym osan  and  

c h e m o t a c t i c  p e p t i d e  w h ic h  g av e  h a l f  m a x im a l  c h e m i lu m in e s c e n c e  

r e s p o n s e s  w e re  fo u n d  t o  be 2x10^  l a t e x  p a r t i c l e s / m l ,  1mg o p s o n i s e d  

z y m o sa n /m l  and  O.l^iM c h e m o t a c t i c  p e p t i d e  r e s p e c t i v e l y .  R a t h e r  

s u r p r i s i n g l y ,  unopson ised  l a t e x  p a r t i c l e s  gave th e  l a r g e s t  PMN lu m in o l  

chem ilum inescence  re sp o n se  ( F ig  34 ) .  S e v e r a l  g ro u p s  o f  w o r k e r s  had  

p rov ided  ev idence  f o r  in g e s te d  p a r t i c l e s  th e m se lv e s  b e in g  su b s tra t-e s  

f o r  PMN c h e m i lu m in e s c e n c e  (C heson  e t  a l  1976; R osen and  K l e b a n o f f  

1976; N e lso n  e t  a l  1977). The d i f f e r e n c e s  i n  m a g n i tu d e  and  t i m e  

c o u rse  o f  l a t e x  p a r t i c l e  induced  PMN chem ilum inescence  in  th e  absence  

o f  lu m in o l  (F ig  17, 2 .1 1 .1 ) ,  and  i n  t h e  p r e s e n c e  o f  l u m i n o l  o r  ABEI 

(F ig  39) w ou ld  i n d i c a t e  t h a t  l a t e x  was n o t  i t s e l f  a  s u b s t r a t e  f o r  

chem ilum inescence .

The 'b a c k g r o u n d '  c h e m i lu m in e s c e n c e  o f  ' r e s t i n g '  PMN o b s e r v e d  

p r i o r  to  t h e i r  s t i m u l a t i o n  has  been re c o rd e d  by o th e r  w orkers  in  th e  

p re sen ce  (Hatch e t  a l  1978; De S o le  e t  a l  1982) and absence  (Jo h n s to n  

an Lehmeyer 1976) o f  lu m in o l ,  and i s  l i k e l y  to  co rresp o n d  to  th e  b a s a l  

r a t e  o f  c y to c h ro m e  c r e d u c t i o n  w h ic h  h a s  l i k e w i s e  b e e n  m e a s u re d  i n  

u n s t im u la te d  PMN (Weening, Wever and Roos, 1975). Evidence has  been
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p r o v id e d  h o w ev e r  f o r  t h e  s t i m u l a t i o n  o f  p h a g o c y t e s  i n  v i t r o  by non 

p h a g o c y t o s a b l e  p o l y s t y r e n e  s u r f a c e s  p e r  s e  ( J o h n s t o n  and  L ehm eyer 

1976; W il l ia m s  and Cole 1981 (b)).

The b i p h a s i c  l u m i n o l  c h e m i l u m i n e s c e n c e  t r a c e s  evoked  by 

s t i m u l a t i o n  o f  PMN by l a t e x  p a r t i c l e s ,  immune com plexes o r  c h e m o ta c t ic  

p e p t i d e  w e re  c h a r a c t e r i s e d  by t h e  a p p e a r a n c e  o f  a  f i r s t  p h a s e  o r  

' s h o u l d e r '  a t  2 0 -1 0 0 s  on t h e  l a r g e r  s e c o n d  p h a s e .  By c o n t r a s t  

s t i m u l a t i o n  o f  PMN by l a t e x  p a r t i c l e s  in  th e  p re se n c e  o f  ABEI r e s u l t e d  

in  a u n ip h a s ic  chem ilum inescence  whose maximum co rresponded  te m p o ra l ly  

w i th  th e  f i r s t  phase o f  PMN lu m in o l  chem ilu m in escen ce  (F ig  39)» The 

b i p h a s i c  n a t u r e  o f  t h e  c h e m o t a c t i c  p e p t i d e  s t i m u l a t e d  t r a c e  was 

e n h a n c e d  and  e x a g g e r a t e d  b y  t h e  p r e s e n c e  o f  c y t o c h a l a s i n  B ( F ig  4 1 ) .  

H a tc h  e t  a l  (1978) o b t a i n e d  o n ly  a s i n g l e  p h a s e  t r a c e ,  r e a c h i n g  a 

maximum w i th in  two m inu tes  o f  a d d i t i o n  o f  n - f -m e t -p h e .  D ahlgren  and 

S t e n d h a l  (1982) and  B en d er  and  Van Epps (1983 )  o b t a i n e d  b i p h a s i c  

t r a c e s  w i t h  n - f - m e t - l e u - p h e .  B en d e r  and  Van Epps (1983) fo u n d  t h a t  

th e  r e l a t i v e  h e ig h ts  o f  t h e i r  two phases  cou ld  be a l t e r e d  by v a ry in g  

th e  c e l l  o r  lu m in o l  c o n c e n t r a t i o n s .

W ith  r e g a r d  t o  immune c o m p le x e s ,  S ta rk e b a u m  e t  a l  (1981) 

d em o n s tra ted  only  a u n ip h a s ic  t r a c e  re a c h in g  a  maximum a t  around 12 

min on s t i m u l a t i n g  PMN w i th  immune com plexes in  th e  p re se n c e  o f  O.l^iM 

l u m i n o l .  G a le  e t  a l  (1984) h o w ev e r  d id  d e m o n s t r a t e  a b i p h a s i c  

c h e m i lu m in e s c e n c e  t i m e  c o u r s e  s i m i l a r  t o  t h a t  o f  t h i s  t h e s i s  when 

t h e y  s t i m u l a t e d  PMN w i t h  n e a t  a g g r e g a t e d  gamma g l o b u l i n .  U s in g  

p refo rm ed  complexes o f  a lbum in  and r a b b i t  a n t i  a lbum in ,  b o th  g roups 

con firm ed  t h a t  maximum chem ilum inescence  was o b ta in e d  w i th  i n s o l u b l e  

immune com plexes formed a t  e q u iv a len c e  ( c f  F ig  36). S tarkebaum  e t  a l  

(1981 )  w ere  l i k e w i s e  a b l e  t o  s t i m u l a t e  a  low  l e v e l  o f  PMN l u m i n o l  

chem ilum inescence  u s in g  on ly  monomeric 1gG and a l s o  found t h a t  no rm al
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human serum enhanced th e  ch em ilum inescence  provoked by a g g re g a te d  1gG 

(c f  3.3.*D. T h is  enhancement was p a r t i a l l y  d e c re a se d  i f  th e  serum was 

h e a t  i n a c t i v a t e d  to  remove th e  e f f e c t s  o f  complement (Starkebaum  e t  a l  

1981; Sm ith  and Wood 1969).

The b a s i s  f o r  t h e  b i p h a s i c  n a t u r e  o f  c e r t a i n  PMN l u m i n o l  

d e p e n d e n t  c h e m i lu m in e s c n e c e  r e s p o n s e s  i s  n o t  f u l l y  u n d e r s t o o d .  

Evidence t o  s u p p o r t  two, n o t  m u tu a l ly  e x c lu s iv e ,  h y p o th e ses  has  been 

p r o v i d e d .  F i r s t l y ,  s t u d y  o f  PMN i s o l a t e d  f ro m  p a t i e n t s  w i t h  known 

m ye loperox idase  d e f ic ie n c y ,  and s t u d i e s  o f  th e  e f f e c t s  o f  su p e ro x id e  

d ism u ta se  and a z id e  on lu m in o l  dependent chem ilum inescence  have le d  to  

th e  c o n c lu s io n  t h a t  th e  chem ilum inescencce  i s  dependent on a t  l e a s t  

two r a d i c a l  g e n e ra t in g  p ro c e s s e s ,  in v o lv in g  0?*“ and m ye lope rox idase  

r e s p e c t i v e l y  (R osen  and K l e b a n o f f  1976; D ahlgren  and S te n d h a l  1983). 

Secondly s t u d i e s  in v o lv in g  c y to c h a la s in  B have a l lo w ed  th e  c o n c lu s io n  

t h a t  o n e  o f  t h e  p h a s e s  i s  i n t r a c e l l u l a r  w h i l e  t h e  o t h e r  i s
C m t i ,

extracellular (Dahlgren and Stendhal* Bender and Van Epps 1983).

I n  t h e  e x p e r i m e n t s  r e p o r t e d  i n  t h i s  c h a p t e r ,  s u p p o r t  f o r  t h e  

f i r s t  h y p o th e s i s  was p rov ided  by th e  o b s e rv a t io n  t h a t  th e  second phase  

o f  c h e m o t a c t i c  p e p t i d e  s t i m u l a t e d  PMN c h e m i l u m i n e s c e n c e  was n o t  

a c c o m p a n ie d  by any  s e c o n d a r y  r i s e  i n  t h e  r a t e  o f  oxygen  c o n s u m p t io n  

(Fig. 33) > s u g g e s t in g  t h a t  second phase  chem ilum inescence  a ro s e  from a 

d i f f e r e n t  s p e c ie s  o f  r a d i c a l  whose p re se n c e  was n o t  d i r e c t l y  dependen t 

on t h a t  o f  e n v i r o n m e n t a l  o xygen .  S u p p o r t  f o r  t h e  s e c o n d  h y p o t h e s i s  

w a s  p r o v i d e d  b y  t h e  i n h i b i t i o n  o f  z y m o s a n  i n d u c e d  PMN 

c h e m i l u m i n e s c e n c e ,  and  e n h a n c e m e n t  o f  c h e m o t a c t i c  p e p t i d e  i n d u c e d  

c h e m i lu m in e s c e n c e  e f f e c t e d  by t h e  p r e s e n c e  o f  c y t o c h a l a s i n  B. 

P o t e n t i a l  s u p p o r t  f o r  b o th  h y p o t h e s e s  was p ro v id ed  by th e  d e c re a se d  

e f f e c t i v e n e s s  o f  s u p e r o x i d e  d i s m u t a s e  a s  an  i n h i b i t o r  o f  PMN 

chem ilum inescence  when added to  th e  c e l l  su sp e n s io n  su b se q u en t  to  th e
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addition of the latex particle stimulus. The absence of a large 

second phase when PMN were stimulated by latex particles in the 

presence of ABEI may indicate an inability for ABEI to react with the 

oxygen radicals of the second phase with which luminol reacts - 

whether intra or extracellularly.

I n h i b i t i o n  o f  o p s o n i s e d  z y m o s a n  s t i m u l a t e d  PMN l u m i n o l  

c h e m i lu m in e s c e n c e  by t h e  p r e s e n c e  o f  c y t o c h a l a s i n  B (3 .3 .5 )  w as 

c o n c u r r e n t ly  d e m o n s tra ted  by W i l l ia m s  and Cole (1981(a)) who con f irm ed  

p rev io u s  o b s e rv a t io n s  t h a t  w h i le  PMN oxygen consum ption under th e s e  

c i rc u m s ta n c e s  i s  d e c re a se d ,  p ro d u c t io n  o f  i s  in c re a s e d  (G o ld s te in

e t  a l  1975). H a l l e t t  and  C a m p b e l l  (1 9 8 3 )  w o r k in g  w i t h  e l i c i t e d  r a t  

PMN i n  o u r  l a b o r a t o r y  s u b s e q u e n t l y  p r o v i d e d  e v i d e n c e  f o r  t h e  

s t i m u l a t i o n  o f  PMN by unopson ised  l a t e x  p a r t i c l e s  and by c h e m o ta c t ic  

p e p t id e  v ia  two s e p a r a t e  pa thw ays , th e  fo rm er  independen t o f  and th e  

l a t t e r  d e p e n d e n t  on a r i s e  i n  i n t r a c e l l u l a r  c a l c i u m .  P a r t i c l e  

s t i m u l a t e d  c h e m i lu m in e s c e n c e  in v o lv ed  e n d o c y to s is  and was i n h i b i t e d  

by c y t o c h a l a s i n  B w h e r e a s  c h e m o t a c t i c  p e p t i d e  s t i m u l a t e d  

chem ilum inescence  was dependent on th e  e x o c y to s i s  o f  m y e lo p ero x id a se  

and was e n h a n c e d  by c y t o c h a s l a s i n  B. I t  was t h u s  c o n c l u d e d  t h a t  a 

m ajor p a r t  o f  th e  fo rm er  o cc u r re d  i n t r a c e l l u l a r l y ,  w h i le  a  m a jo r  p a r t  

o f  th e  l a t t e r  o ccu rred  e x t r a c e l l u l a r l y .

Thus th e  f in d in g  t h a t  th e  chem ilum inescence  o f  PMN s t i m u l a t e d  by 

l a t e x  p a r t i c l e s  i n  t h e  p r e s e n c e  o f  ' s o l i d  p h a s e '  ABEI o n ly  a c c o u n t e d  

f o r  5% o f  th e  chem ilum inescence  ach iev ed  by c e l l s  s t i m u l a t e d  in  th e  

p resen ce  o f  an e q u iv a le n t  c o n c e n t r a t i o n  o f  ' f l u i d  p h a s e '  ABEI (3 -3 .5 )  

may be ex p la in e d  i f  e i t h e r  th e  m a jo r i t y  o f  PMN ch em ilu m in escen ce  w i th  

t h i s  s t im u lu s  i s  i n t r a c e l l u l a r  ( e n d o c y to s is  dependent) o r  i f  ABEI in  

p a r t i c u l a r  i s  unab le  to  r e a c t  w ith  e x t r a c e l l u l a r  r a d i c a l s .

At the time of writing no other attempts to measure PMN oxygen
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r a d i c a l  p ro d u c t io n  u s in g  a  ' s o l i d  p h a se '  d e t e c t i o n  mechanism have been 

r e p o r te d .  Johnston  and Lehmeyer 1976) used  a  ' s o l i d  p h a se '  s t im u lu s  

( i . e .  non p h a g c c j t o s a b l e  s u r f a c e  bound im m une c o m p le x e s )  t o  p ro m o te  

cy tochrom e c r e d u c t io n ,  s c o p o le t in  o x id a t io n  and ch em ilu m in escen ce ,  

b u t  in  a l l  c a se s  th e  oxygen r a d i c a l  d e t e c t i o n  mechanism rem ained  in  

t h e  ' f l u i d  p h a s e ' .  F u r t h e r  i n v e s t i g a t i o n  o f  t h e  s i t e  o f  e x o c y t o s i s  

dependent PMN chem ilum inescence  (e.g. c h e m o ta c t ic  p e p t id e  s t im u la t e d )  

i s  r e q u i r e d  u s in g  a  s o l i d  phase  i n d i c a t o r  once th e  problem s o f  m ix ing  

and i n d i c a t o r  a v a i l a b i l i t y  have been overcome (3.3*5).

3.5  Summary

The l u m i n o l  d e p e n d e n t  c h e m i l u m i n e s c e n c e  o f  n o rm a l  human 

p e r i p h e r a l  b lo o d  PMN s t i m u l a t e d  by u n o p s o n i s e d  l a t e x  p a r t i c l e s  

o pson ised  zymosan, th e  s y n t h e t i c  c h e m o ta c t ic  p e p t id e  n - f o r m y l - m e t - l e u -  

p h e  a n d  i m m u n e  c o m p l e x e s  w a s  c h a r a c t e r i s e d ,  a n d  t h e  

i n t r a c e l l u l a r / e x t r a c e l l u l a r  l o c a t i o n  o f  t h e  c h e m i lu m in e s c e n c e  w as 

i n v e s t i g a t e d : -

(a)  The m agnitude and t im e  co u rse s  o f  th e  chem ilum inescence  r e s p o n s e  

f o r  e a c h  s t i m u l u s  was c o m p ared  and  t h e  am oun t o f  s t i m u l u s  

r e q u i r e d  f o r  a h a l f  m a x im a l  c h e m i l u m i n e s c e n c e  r e s p o n s e  was 

d e te rm in ed .

(b) The PMN l u m i n o l  c h e m i l u m i n e s c e n c e  e v o k ed  by i n s o l u b l e  im m une 

com plexes (formed a t  e q u iv a le n c e )  w a s ,g r e a t e r  th an  t h a t  evoked by 

s o l u b l e  c o m p le x e s ,  an d  was i n  t u r n  e n h a n c e d  by t h e  p r e s e n c e  o f  

normal serum.

(c )  The c h e m o ta c t ic  p e p t id e  n - f o rm y l -m e t - l e u -p h e  e l i c i t e d  a  b ip h a s i c  

PMN chem ilum inescence  re sp o n se  w hich was enhanced and e x a g g e ra te d  

by th e  p resen ce  o f  th e  r a i c r o f i l i a m e n t  i n h i b i t o r  c y t o c h a la s i n  B. 

The s e c o n d  p h a s e  o f  t h e  c h e m o t a c t i c  p e p t i d e  i n d u c e d  PMN
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chem ilum inescence  was found t o  be d i s s o c i a t e d  from th e  r a t e  o f  

PMN oxygen consum ption  m e a s u re d  p o l a r o g r a p h i c a l l y .  O p s o n is e d  

zym osan  s t i m u l a t e d  PMN c h e m i lu m in e s c e n c e  was i n h i b i t e d  by th e  

p re sen ce  o f  c y to c h a la s in  B.

(d) A s o l i d  phase  i s o lu m in o l  chem ilu m in escen ce  probe was s y n th e s i s e d ,  

c h a r a c t e r i s e d  and u se d  t o  i n v e s t i g a t e  w h a t  p r o p o r t i o n  o f  PMN 

c h e m i lu m in e s c e n c e  o c c u r s  e x t r a c e l l u l a r l y .  I t  was e s t a b l i s h e d  

t h a t  a  m in im u m  o f  25% o f  t h e  s o l i d  p h a s e  i s o l u m i n o l  

c h e m i l u m i n e s c e n c e  r e s u l t i n g  f r o m  s t i m u l a t i o n  o f  PMN by 

unopson ised  l a t e x  p a r t i c l e s  o c c u r re d  e x t r a c e l l u l a r l y .

(e )  The i n h i b i t o r y  e f f e c t  o f  th e  scavenge r  su p e ro x id e  d is m u ta se

on l a t e x  p a r t i c l e  s t im u la t e d  PMN lu m in o l  chem ilum inescencce  was 

fo u n d  t o  d e c r e a s e  a s  t h e  t i m e  i n t e r v a l  b e tw e e n  a d d i t i o n  o f  

s t im u lu s  and a d d i t i o n  o f  scav en g e r  in c re a s e d .  Maximal i n h i b i t i o n  

was o b ta in e d  i f  c e l l s  were p re in c u b a te d  w i th  su p e ro x id e  d is m u ta s e  

p r i o r  to  s t i m u l a t i o n .
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C hap te r  4

I n v e s t i g a t i o n  o f  rheum ato id  serum and s y n o v ia l  f l u i d  f o r  th e  p re sen ce  

o f  s t im u la to r y  o r  i n h i b i t o r y  f a c t o r s  o f  PMN lu m in o l-d ep en d en t 

ehem ilum inescence

4.1  I n t r o d u c t io n
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4 .2 .2  S e p a r a t i o n  o f  PMN f ro m  s y n o v i a l  
f l u i d .

4 .3  R e s u l t s 4 .3 .1  L u m i n o l  c h e m i l u m i n e s c e n c e  o f  
r h e u m a t o i d  PMN -  c o m p a r i s o n  w i t h  
normal PMN

4.3*2 I n v e s t i g a t i o n  o f  rh e u m a to id  s y n o v ia l  
f l u i d  and  se ru m  f o r  s t i m u l i  o f  PMN 
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ch em ilum inescence .
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*1. 1 I n t r o d u c t io n

The p ro p o s a l  t h a t  oxygen r a d i c a l s  may p la y  an im p o r ta n t  r o l e  in  

th e  p a th o g e n e s is  o f  rh eum ato id  a r t h r i t i s  (Del M aestro  1980, Greenwald 

1981) was d e p e n d e n t  n o t  o n ly  on t h e  p r o d u c t i o n  o f  t h e s e  h i g h l y  

r e a c t i v e  a g e n ts  by PMN in  re sp o n se  to  s t i m u l t a t i o n  by immune com plexes 

o r  c h e m o ta c t ic  complement components, b u t  a l s o  on t h e i r  r e l e a s e  in t o  

th e  e x t r a c e l l u l a r  m i l i e u  where c o n c e n t r a t i o n s  o f  t h e  oxygen  r a d i c a l  

scav en g e rs  su p e ro x id e  d ism u ta s e  and c a t a l a s e  were known to  be s e v e r a l  

o r d e r s  o f  m a g n i tu d e  lo w e r  t h a n  t h o s e  o f  t h e  c y t o p la s m  (McCord 197*0 

( 1 . 2 . 3 ,  1 . 3 . 2 . ) .

The p re sen ce  o f  immune com plexes (W in c h es te r ,  Kunkel and Agnello  

1971, Hay e t  a l  1979) and c h e m o ta c t ic  complement com ponents (Ward and 

Z v a i f l e r ,  1971) i n  r h e u m a to id  s y n o v i a l  f l u i d  i s  w e l l  e s t a b l i s h e d .  

C hem otac tic  complement components ( c h i e f ly  d e r iv e d  from C3) have a l s o  

b een  d e m o n s t r a t e d  i n  s y n o v i a l  f l u i d  f ro m  s e ro n e g a t iv e  in f la m m a to ry  

a r t h r o p a t h i e s  (Ward and Z v a i f l e r  1971). P r io r  to  commencement o f  th e  

work o f  t h i s  t h e s i s ,  th e  in  v ivo  s t i m u l a t i o n  o f  PMN i n  b o th  g roups o f  

a r t h r o p a t h y  had b een  f u r t h e r  s u p p o r t e d  by t h e  d e m o n s t r a t i o n  o f  PMN 

i n t r a c e l l u l a r  c o m p le m e n t  and im m u n o g lo b u l in  in  each , a l th o u g h  on ly  

rheum a to id  PMN c o n ta in e d  i n c l u s i o n s  o f  r h e u m a t o i d  f a c t o r  ( Z v a i f l e r  

1 9 7 * 0 . I n c r e a s e d  c i r c u l a t o r y  im m une c o m p le x e s  had  a l s o  b e e n  

d em o n s tra ted  in  th e  p e r i p h e r a l  blood o f  60$ o f  th e  rh eu m a to id  p a t i e n t s  

s t u d i e d  by Hay e t  a l  (1 9 7 9 ) ,  b u t  e x c e p t  i n  t h e  p r e s e n c e  o f  s y s t e m i c  

d i s e a s e  ( e .g .  v a s c u l i t i s )  t h e r e  w as  l i t t l e  e v i d e n c e  o f  s e r u m  

complement a c t i v a t i o n  in  rheum ato id  a r t h r i t i s  (W in c h es te r  e t  a l  1971) 

and  immune co m p le x  i n c l u s i o n s  had n o t  b een  d e t e c t e d  i n  p e r i p h e r a l  

b lood PMN (C ats ,  L a feb e r  and K le in ,  1975).

In  C hap ter  3 o f  t h i s  t h e s i s  lu m in o l  dependent chem ilu m in escen ce  

was e s t a b l i s h e d  a s  a s e n s i t i v e  con t inuous  i n d i c a t o r  o f  oxygen r a d i c a l
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p r o d u c t i o n  by PMN e x p o s e d  i n  v i t r o  t o  p h a g o c y t i c  and  c h e m o t a c t i c  

s t i m u l i .  E v i d e n c e  w a s  a l s o  p r o v i d e d  f o r  p a r t  o f  t h i s  

chem ilum inescence  o c c u r r in g  e x t r a c e l l u l a r l y ,  th u s  c o n f i rm in g  r e l e a s e  

o f  oxygen  r a d i c a l s ,  and t h e i r  p o t e n t i a l  a v a i l a b i l i t y  f o r  t i s s u e  

dam age. In  o r d e r  t o  u s e  l u m i n o l  d e p e n d e n t  c h e m i lu m in e s c e n c e  t o  

i n v e s t i g a t e  t h e  p r o d u c t i o n  o f  oxygen  r a d i c a l s  by PMN i n  v iv o  i n  

p a t i e n t s  w i th  rheum ato id  a r t h r i t i s ,  and to  examine th e  e x t r a c e l l u l a r  

f a t e  o f  such r a d i c a l s  i t  was n e c e s s a ry  t o : -

(a) d e te rm in e  w hether  any a b n o r m a l i t i e s  e x i s t e d  in  th e  g e n e r a t io n  o f  

oxygen  r a d i c a l s  by r h e u m a t o i d  PMN f o l l o w i n g  t h e i r  e x p o s u r e  i n  

v i t r o  to  a model s t im u lu s .

(b) d e t e r m i n e  w h e th e r  r h e u m a t o i d  s y n o v i a l  f l u i d  and  se ru m  w ou ld  

s t im u la t e  PMN lum ino l chem ilum inescence

and

(c)  d e t e r m i n e  w h e th e r  r h e u m a to id  s y n o v i a l  f l u i d  and  se ru m  w ou ld  

c o n t a i n  f a c t o r s  c a p a b l e  o f  i n h i b i t i n g  PMN l u m i n o l  

chem ilum inescnece v ia  oxygen r a d i c a l  scaveng ing .

A b n o rm a l i t ie s  o f  rh eu m a to id  PMN chem otax is  and p h a g o c y to s is  had

p r e v i o u s l y  b een  d e m o n s t r a t e d  i n  v i t r o  and  i n  v iv o  (M owat and  Baum, 

1971, Hanlon, P anay i and L au re n t ,  1980, Je sso p  e t  a l  1973)- D ecreased  

p h a g o c y t o s i s  i n  v i t r o  by r h e u m a to id  s y n o v i a l  f l u i d  and  p e r i p h e r a l  

b lood  PMN (Bodel and H o l l in g sw o r th ,  1966, Numo, Lapadula and C o v e l l i ,  

1979) had been a t r r i b u t e d  to  th e  p r i o r  i n g e s t io n  o f  immune com plexes 

by PMN in  v ivo  (T urner,  Schumacher and Myers 1973)-

Two p r e - r e q u i s i t e s  t o  t h e  w ork o f  t h i s  c h a p t e r  w e re  f i r s t l y ,  

d e f i n i t i o n  o f  t h e  r a n g e  o f  any  q u a n t i t a t i v e  v a r i a t i o n  i n  t h e  

chem ilum inescence  re sp o n se s  o f  norm al PMN, and seco n d ly ,  a method f o r  

d e p l e t i n g  v isc o u s  s y n o v ia l  f l u i d  o f  a l l  l i v e  c e l l s  w h i le  r e t r e i v i n g  a 

l a r g e  p ro p o r t io n  o f  th e  c e l l s  in  v ia b le  form. P e r s i s t e n c e  o f  any l i v e
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or e f f e t e  c e l l s  w i th in  rheu m a to id  s y n o v ia l  f l u i d  would be a p o t e n t i a l  

so u rce  o f  a r t e f a c t u a l  PMN chem ilum inescence s t i m u l a t i o n .

4 .2  Methods

4 .2 .1  G enera l Methods

W hole b lo o d  s a m p l e s  w e re  o b t a i n e d  f ro m  f i v e  n o r m a l  s u b j e c t s  

(2.4). Whole b lood a n d /o r  sy n o v ia l  f l u i d  sam ples  were a l s o  o b ta in e d  

f ro m  13 p a t i e n t s  w i t h  r h e u m a t o i d  a r t h r i t i s  (one  w i t h  F e l t y ' s  

syndrome), 3 p a t i e n t s  w i th  s e ro n e g a t iv e  in f la m m a to ry  a r t h o p a t h i e s  and 

one p a t i e n t  w i t h  c h o n d r o c a l c i n o s i s .  C l i n i c a l  d e t a i l s  o f  t h e s e  

p a t i e n t s ,  i d e n t i f i e d  th ro u g h o u t th e  c h a p te r  by th e  l e t t e r s  (A) t o  (R), 

a r e  g iven  in  T ab les  17 and 18.

PMN were i s o l a t e d  from whole b lood sam ples  a s  d e s c r ib e d  in  2.9.1. 

Whole b lood ,  a l lo w ed  to  c l o t  a t  room te m p e ra tu r e  f o r  45 min and th e n  

c e n t r i f u g e d  a t  1000g f o r  5m in ,  w as a l s o  u se d  f o r  t h e  p r o v i s i o n  o f  

serum where in d ic a te d .

L u m in o l  and  c h e m o t a c t i c  p e p t i d e  ( n - f o r m y l - m e t - l e u - p h e )  w e re  

d i l u t e d  in  K reb s  medium t o  t h e  d e s i r e d  c o n c e n t r a t i o n s  f rom  s t o c k  

s o l u t i o n s  in  DMSO (2.2) Zymosan was o p so n ised  a c c o rd in g  to  th e  method 

d e t a i l e d  i n  2 .5 .

In  e x p e r im e n ts  exam ining  th e  e f f e c t  o f  s y n o v ia l  f l u i d  o r  serum on 

PMN r e s t i n g  chem ilum inescence ,  u n le s s  o th e rw is e  s t a t e d ,  th e  c e l l s  were 

p r e - in c u b a te d  in  500jil Krebs medium, pH 7.4 a t  37°C w i th  lu m in o l  f o r  5 

m in u te s  p r i o r  to  th e  a d d i t io n  o f  20(^ul serum o r  s y n o v ia l  f l u i d  d i l u t e d  

in  Krebs medium to  a t o t a l  o f  500jul. The f i n a l  c o n c e n t r a t i o n  o f  serum 

o r  sy n o v ia l  f l u i d  was th u s  20%  ( v / v ) .

4 .2 .2  S e p a ra t io n  o f  s y n o v ia l  f l u i d  PMN

In  o rd e r  to  compare th e  chem ilum inescence  re s p o n se s  to  rh eu m a to id
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s y n o v i a l  f l u i d  PMN w i t h  t h o s e  o f  c o n t r o l  s y n o v i a l  f l u i d ,  o r  w h o le  

blood PMN i t  was n e c e s s a ry  to  e s t a b l i s h  a  method fo r  i s o l a t i n g  v i a b l e  

PMN from s y n o v ia l  f l u i d .  S i m i l a r l y  i n  o rd e r  to  look  f o r  a s t i m u l a t i n g  

e f f e c t  o f  rheum ato id  s y n o v ia l  f l u i d  on norm al PMN i t  was n e c e s s a ry  to  

denude  s y n o v i a l  f l u i d  o f  a l l  l i v e  c e l l s .  W h i le  t h e  v i s c o s i t y  o f  

r h e u m a to id  s y n o v i a l  f l u i d  i s  l e s s  t h a n  t h a t  o f  n o r m a l  o r  non 

in f lam m ato ry  s y n o v ia l  f l u i d s  (Schumacher 1981), th e  v i s c o s i t y  o f  each  

i s  g r e a t e r  t h a n  t h a t  o f  p la s m a .  A f t e r  c e n t r i f u g a t i o n  o f  a f r e s h l y  

a s p i r a t e d ,  non h e p a r in i s e d  sam ple o f  s y n o v ia l  f l u i d  from rh eu m a to id  

p a t i e n t  (D) (T a b le  17) a t  400g f o r  10m in ( c . f .  i s o l a t i o n  o f  PMN fro m  

whole b lood, 2 .9.1), t h e  p e l l e t ,  re su sp en d ed  in  Krebs medium c o n ta in e d  

o n ly  40/6 o f  c e l l s  i n  t h e  w h o le  s a m p le .  The r e m a i n i n g  60% o f  c e l l s  

w e re  v i s i b l e  on p h a s e  c o n t r a s t  m ic r o s c o p y  o f  t h e  400g s u p e r n a t a n t .  

When t h i s  s u p e rn a ta n t  was added to  norm al PMN a t  37°C in  th e  p re se n c e  

o f  lu m ino l (F ig  44(a)) a  r a p id  in c r e a s e  in  chem ilum inescence  c o u n t s / s  

was observed . An in c re a s e  o f  s i m i l a r  m agnitude a l s o  o ccu r red  how ever 

when th e  s y n o v ia l  f l u i d  was added to  Krebs medium and lu m in o l  a lo n e  

(F ig  44 (b ))  and  c o u ld  be e x p l a i n e d  by i n t e r a c t i o n  o f  oxygen  r a d i c a l s  

produced by th e  s y n o v ia l  f l u i d  c e l l s  w i th  lu m in o l .  P e r s i s t e n c e  o f  l i v e  

c e l l s  in  sy n o v ia l  f l u i d  was hence a p o t e n t i a l  sou rce  o f  ' a r t e f a c t u a l '  

norm al PMN chem ilum inescence  s t i m u l a t i o n  by rheum ato id  s y n o v ia l  f l u i d .

Method f o r  removal o f  a l l  l i v e  c e l l s  from s y n o v ia l  f l u i d

T h i s  c h e m i lu m in e s c e n c e  o f  c e l l s ,  r e t a i n e d  i n  s y n o v i a l  f l u i d  

f o l l o w i n g  c e n t r i f u g a t i o n ,  was i n  t u r n  u s e d  a s  an  a s s a y  f o r  t h e  

p r e s e n c e  o f  l i v e  c e l l s  i n  t h e  d e t e r m i n a t i o n  o f  t h e  minimum s p e e d  

r e q u i r e d  t o  e l i m i n a t e  a l l  l i v e  c e l l s  f rom  s y n o v i a l  f l u i d .  Thus a 

sample o f  s y n o v ia l  f l u i d ,  f r e s h l y  a s p i r a t e d  from rheum a to id  p a t i e n t  

(G) (Table  17) was c e n t r i f u g e d  a t  i n c r e a s in g  speeds in  th e  ran g e  400- 

100 ,000g  (F ig  45).
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„ 4  j c f O ^ c o u f j r s / s

100s

4 0 0 g
synovial  fluid 

supernatan

4 0 0 g
synovial f lu id  

su p e rna tan t

(a) 6 - 4  x 10 PMN (b) no PMN

Figure 44 Luminol chemiluminescence of rheumatoid synovial
fluid following centrifugation at 400g for 10 minutes

Chemiluminescence produced by a d d i t i o n  a t  arrow s 
o f  20% (v /v )  f r e s h l y  a s p i r a t e d  rheum ato id  s y n o v ia l  
f l u i d  which had been c e n t r i f u g e d  a t  400g f o r  10 m inu tes  
( t o  remove c e l l s )  to  (a )  6.4x10 PMN/ml, 10yuM lum ino l 
and (b) no PMN, 10uM lu m in o l .  The in c r e a s e  in  chem ilum ine
scence  c o u n t s / s  in  each case  was accoun ted  f o r  by 
p e r s i s t e n c e  o f  l i v e  c e l l s  in  th e  s y n o v ia l  f l u i d  s a m p le s , 
d e s p i t e  c e n t r i f u g a t i o n ,  and t h e i r  r e a c t i o n  w ith  lu m in o l .  
Krebs medium, pH 7 .4 ,  37°C.



F ig u re

Whole Synovlol Fluid = I

centrifuged 4 0 0 g , l 0 m i n

4 0 0 q  supernatant g j jS  4 0 0 q  pellet = IIP

I
centrifuged IOOOgt IOmin

IQOOg supernatant = IMS IQOOqpellet = 111 p

I
centrifuged IOOOOg,IOmln

IQOOQ g supernatant = 1VS lOOOOg pellet = IVP

i
centrifuged lOOOOOg, lOmin

lOOOOOq supernatant = VS 100000q pellet = VP

}_5 -  Flow c h a r t  f o r  th e  s e p a ra t io n ,  o f  PMN from sy n o v ia l

f l u i d  by d i f f e r e n t i a l  c e n t r i f u g a t i o n



F o l l o w i n g  e a c h  c e n t r i f u g a t i o n ,  an y  c e l l  p e l l e t  r e m a i n i n g  was 

resuspended  in  Krebs medium (volume e q u a l  to  t h a t  o f  o r i g i n a l  s y n o v ia l  

f l u i d / s u p e r n a t a n t  s a m p le )  and  a  p o r t i o n  o f  t h e  s u p e r n a t a n t  was 

r e t a i n e d ,  th e  rem a in d e r  go ing  fo rw ard  f o r  c e n t r i f u g a t i o n  a t  th e  n ex t  

h i g h e s t  s p e e d  a s  i n d i c a t e d  ( F ig  4 5 ) .  T o t a l  an d  d i f f e r e n t i a l  w h i t e  

c e l l  c o u n t in g ,  ATP a s sa y  (2.7) and chem ilum inescence  s t u d i e s  were th e n  

p erfo rm ed  on th e  resuspended  c e l l  p e l l e t s  and r e t a i n e d  s u p e r n a ta n ts .

For chem ilum inescence  s t u d i e s  200^il o f  s u p e rn a ta n t  o r  resuspended  

p e l l e t  was d i l u t e d  in  Krebs medium pH 7.4, t o  a  t o t a l  volume o f  500yUl 

and e q u i l i b  r a t e d  a t  37°C f o r  3 rain b e fo re  a d d i t i o n  to  an e q u a l  volume 

o f  K reb s  medium pH 7 .4 ,  37°C c o n t a i n i n g  2 0 j i W  l u m i n o l  ( b u t  no PMN). 

C h e m i lu m in e s c e n c e  was m e a s u re d  i n  l u m i n o m e t e r  'B ' b e f o r e  and  120s 

f o l lo w in g  a d d i t i o n  o f  sam ple. To co n f irm  t h a t  any r e s u l t a n t  in c r e a s e  

in  chem ilum inescence  c o u n t s / s  was a t t r i b u t a b l e  to  th e  p re se n c e  o f  l i v e  

c e l l s  a f u r t h e r  5 0 0 |i l  o f  K reb s  medium pH 7 .4 ,  37°C c o n t a i n i n g  2|iM 

c h e m o t a c t i c  p e p t i d e  was t h e n  i n j e c t e d  ( f i n a l  v o lu m e  1 .5m l) and  

chem ilum inescence  observed  f o r  an a d d i t i o n a l  300s.

The mean background ch em ilum inescence  o f  2 0 p M  lu m in o l  in  Krebs 

medium was 3.1 + 7 c o u n t s / s .  (n = 22 + SD). A d d i t i o n  o f  s y n o v i a l  

f l u i d  sam ple s u p e rn a ta n ts  o r  p e l l e t s  was fo l lo w ed  by a  r a p id  in c r e a s e  

i n  chem ilum inescence  c o u n t s / s  r e a c h in g  a  maximum a t  50 sec  and th e n  

decay ing  (F ig  46). A dd it ion  o f  c h e m o ta c t ic  p e p t id e  was fo l lo w e d  by a 

b ip h a s ic  in c r e a s e  i n  chem ilum inescence ,  t h e  peak o f  th e  second l a r g e r  

phase o c c u r r in g  a t  150-300s fo l lo w in g  a d d i t i o n  o f  s t im u lu s  (F ig  37). 

R e l a t i v e  to  th e  c o n c e n t r a t io n  o f  PMN, c h e m o ta c t ic  p e p t id e  produced  a 

l a r g e r  re sp o n se  in  th e  p e l l e t  sam p les  (PMN suspended in  Krebs medium) 

th a n  in  th e  s u p e rn a ta n t  sam ples  (F ig  46 and Table 19) w hich  r a i s e d  th e  

p o s s i b i l i t y  t h a t  s y n o v i a l  f l u i d  w as  i n h i b i t i n g  PMN l u m i n o l  

c h e m i lu m in e s c e n c e  i n  t h e  s u p e r n a t a n t  sam ples .  No chem ilu m in escen ce
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16 Chemiluminescence o f  rheum ato id  s y n o v ia l  f l u i d  fo l lo w in g  
d i f f e r e n t i a l  c e n t r i f u g a t i o n

Chemiluminescence t r a c e s  produced by a d d i t i o n  to  10uM 
lum ino l a t  tim e 0 seconds o f  200jul s u p e r n a ta n t  from 
s y n o v ia l  f lu id  c e n t r i f u g e d  a t  400g f o r  10 m inu tes  ( d o t t e d  
l i n e  -  I I S ) ,  and th e  c e l l  p e l l e t  o b ta in e d  by c e n t r i f u g a t i o n  
o f  an e q u iv a le n t  volume o f  I IS  a t  1000g f o r  10 m in u te s ,  
resuspended  in  200^1 Krebs medium (unbroken l i n e  -  
111P). The in c re a s e d  chem ilum inescence which r e s u l t e d  
from th e  a d d i t i o n  o f  0.6juM ch e m o ta c t ic  p e p t id e  to  eahc 
a t  450s i s  a l s o  shown. Krebs medium, pH 7 -4 ,  37 C,
(PMN c o n c e n t r a t i o n s ,  de te rm ined  by phase  c o n t r a s t  m icroscopy  
w e re : -  IIS  = 9 .9x109PMN3ml, 111P = 5 - 6x109PMN/ml).
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ab o v e  b a c k g ro u n d  l u m i n o l  c h e m i l u m i n e s c e n c e  was d e t e c t a b l e  i n  t h e  

10,000g (IVs) o r  th e  100,000g (Vs) s u p e r n a t a n t s ,  Table  19, i n d i c a t i n g  

t h a t  a l l  v i a b l e  PMN w ere  rem o v ed  by c e n t r i f u g a t i o n  a t  1 0 ,0 0 0 g  f o r  

1Omin.

E x a m in a t io n  o f  PMN c o n c e n t r a t i o n s ( T a b l e  20) show ed t h a t  89% o f  

PMN were removed fo l lo w in g  c e n t r i f u g a t i o n  a t  1000g f o r  10min ( I l l s ) .  

The u n ex p ec ted ly  l a r g e  number o f  PMN found in  th e  10,000g s u p e r n a ta n t  

was t h e r e f o r e  l i k e l y  to  r e p r e s e n t  a r t e f a c t u a l  co u n t in g  o f  e f f e t e  c e l l s  

and  d e b r i s  by t h e  C o u l t e r  c o u n t e r ,  p a r t i c u l a r l y  a s  no v i s i b l e  c e l l  

p e l l e t  was found a f t e r  f u r t h e r  c e n t r i f u g a t i o n  a t  100,000g. The la c k  

o f  c o r r e l a t i o n  b e tw e e n  PMN c o n c e n t r a t i o n  and  ATP (T a b le  20) i n  t h e  

s u p e rn a ta n t  sam ples  su g g es ted  i n t e r f e r e n c e  o f  s y n o v i a l  f l u i d  i n  t h e  

ATP a s s a y .

On t h e  b a s i s  o f  t h e  s y n o v i a l  f l u i d  d i f f e r e n t i a l  c e n t r i f u g a t i o n  

c h e m i lu m in e s c e n c e  r e s u l t s  ( T a b le  19), i n  a l l  e x p e r i m e n t s  i n  w h ic h  

e l i m i n a t i o n  o f  c e l l s  from sy n o v ia l  f l u i d  was r e q u i r e d ,  th e  s y n o v ia l  

f l u i d  was c e n t r i f u g e d  a t  a  minimum o f  1 0 ,0 0 0 g  f o r  10min and  p e l l e t  

d is c a rd e d  b e fo re  use.

Method f o r  i s o l a t i o n  o f  v i a b l e  PMN from s y n o v ia l  f l u i d

F o r  i s o l a t i o n  o f  v i a b l e  PMN f r o m  s y n o v i a l  f l u i d  t h e  

c e n t r i f u g a t i o n  s p e e d  was n o t  i n c r e a s e d  a b o v e  HOOg f o r  10 m in .  

A l th o u g h  h i g h e r  c e n t r i f u g a t i o n  s p e e d s  w e re  a s s o c i a t e d  w i t h  an  

i n c r e a s e d  y i e l d  o f  PMN (T a b le  2 0 ) ,  t h e y  w e re  a l s o  a s s o c i a t e d  w i t h  

in c re a s e d  PMN a g g re g a t io n .  The method f o r  PMN i s o l a t i o n  was hence a s  

fo l lo w s :

1 0 -2 0 m l s y n o v i a l  f l u i d ,  f r e s h l y  a s p i r a t e d  f ro m  t h e  k n e e  j o i n t  

e f f u s io n  o f  a p a t i e n t  w ith  rheum ato id  o r  o th e r  in f lam m ato ry  a r t h r i t i s  

w as c e n t r i f u g e d  i n  a u n i v e r s a l  c o n t a i n e r  a t  400g f o r  10m in . The
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Figure 4
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J Variation in the chemiluminescence stimulation index
of peripheral blood PMN isolated from one normal subject 
during a six month period

Points represent the chemiluminescence stimulation 
index achieved by 5x10 PMN/ml stimulated by 4x10 ml 
latex particles. The cells were isolated at the same 
time of day from the peripheral blood of one healthy 
30 year old female on 13 occasions over a six month

Qperiod. Krebs medium, pH 7.4, 37 C, 10yaM luminol.



s u p e rn a ta n t  was removed and th e  p e l l e t  was g e n t ly  re suspened  in  Krebs 

medium pH 7.4 ( w i t h o u t  b o v in e  se ru m  a l b u m i n ) ,  l a y e r e d  on F i c o l l  and  

c e n t r i f u g e d  a t  400g f o r  40 m in .  The m o n o n u c le a r  c e l l  l a y e r  w as 

removed and th e  PMN p e l l e t  was re su sp e n e d  in  Krebs medium, washed and 

c e n t r i f u g e d  tw ic e  a t  400g f o r  5 min b e fo re  f i n a l  r e s u s p e n s io n  in  Krebs 

medium pH 7.4 and  s t o r a g e  on i c e .  U n le s s  t h e  s y n o v i a l  f l u i d  

a s p i r a t i o n  had p r o d u c e d  t r a u m a t i c  b l o o d  s t a i n i n g ,  t h e r e  w as  

i n s u f f i c i e n t  re d  c e l l  c o n ta m in a t io n  to  w a r r a n t  a  hypo ton ic  l y s i s  s t e p  

( c . f .  2 .9 .1 ) .  S t r a y  r e d  c e l l  m em b ran es  w e re  p i p e t t e d  f rom  t h e  to p  o f  

th e  PMN p e l l e t  betw een wa:shings.

4 .3  R e s u l t s

4 .3 .1  Luminol chem ilum inescence o f  rheum ato id  PMN -  com parison w i th  

normal PMN

I n  o r d e r  t o  u s e  l u m i n o l  d e p e n d e n t  c h e m i l u m i n e s c e n c e  t o  

d em o n s tra te  e i t h e r  p r i o r  s t i m u l a t i o n  o f  rh eu m a to id  PMN in  v ivo  o r  to  

i n v e s t i g a t e  any  a b n o r m a l i t i e s  i n  t h e i r  r e s p o n s e  t o  s t i m u l a t i o n  i n  

v i t r o ,  i t  was f i r s t  n e c e s s a r y  t o  e x a m in e  t h e  e x t e n t  t o  w h ic h  t h e  

c h e m i lu m in e s c e n c e  o f  n o r m a l  PMN v a r i e d  e i t h e r  when r e s t i n g  o r  when 

e x p o se d  t o  a  f i x e d  c o n c e n t r a t i o n  o f  s t a n d a r d  s t i m u l u s  i n  v i t r o .  

Unexpected d i f f i c u l t y  was en co u n te red  in  e s t a b l i s h i n g  such a 'no rm al 

r a n g e '  f o r  lum ino l dependent PMN chem ilum inescence .

U s in g  lu m in o r a e t e r  'A ' o v e r  a s i x  m on th  p e r i o d  a  c o n s i d e r a b l e  

v a r i a t i o n  in  th e  chem ilum inescence  r e s p o n se s  o f  PMN i s o l a t e d  from th e  

p e r ip h e r a l  b lood o f  one h e a l th y  30 y e a r  o ld  fe m a le ,  to  s t i m u l a t i o n  by 

4x10^ l a t e x  p a r t i c l e s / m l  was observed  (F ig . 47). The mean s t i m u l a t i o n  

in d e x  (2 .1 2 .1 )  i n  t h i s  p e r i o d  was t h u s  6 5  0 ±9-4(+ S.E.M., n = 13) and  

t h e  r a n g e  was 27.6  -  121. When c o m p a r i s o n  was made w i t h  t h e
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s t i m u l a t i o n  i n d i c e s  and background and peak h e ig h t  chem ilum inescence  

o f  PMN i s o l a t e d  f rom  t h e  w h o le  b lo o d  o f  f o u r  o t h e r  n o r m a l  s u b j e c t s  

aged 24 -  32 y e a r s  (Table 21), c o n s id e r a b le  i n t e r - s u b j e c t  v a r i a t i o n  in  

a l l  t h r e e  p a r a m e t e r s  was o b s e r v e d  a l t h o u g h  t h e  c h a r a c t e r  and  t i m e  

co u rse  o f  th e  chem ilum inescence  t r a c e s  f o r  each were q u a l i t a t i v e l y  th e  

same.

D e s p i t e  t h e  c o n s i d e r a b l e  i n t r a  ( F ig  47) and  i n t e r  ( T a b le  21) 

s u b j e c t  v a r i a t i o n  f o r  n o r m a l  PMN r e s t i n g  and  s t i m u l a t e d  l u m i n o l  

chem ilum inescence ,  e a r l y  com parison  was made w i th  PMN i s o l a t e d  from 

t h e  b lo o d  o r  s y n o v i a l  f l u i d  o f  5 p a t i e t n s  w i t h  r h e u m a t o i d  a r t h r i t i s  

and  2 p a t i e n t s  w i t h  s e r o n e g a t i v e  i n f l a m m a t o r y  a r t h r o p a t h i e s  (Table  

22 ) .  The p a t i e n t s  and n o r m a l s  w e re  n o t  ag e  o r  s e x  m a tc h e d .  A g a in ,  

w i t h i n  t h e  r h e u m a t o i d  p a t i e n t  g ro u p  c o n s i d e r a b l e  i n t e r s u b j e c t  

v a r i a t i o n  in  PMN chem ilum inescence  o c c u r re d ,  p re v e n t in g ,  in  t h i s  s m a l l  

p o p u la t io n ,  th e  d e m o n s t ra t io n  o f  any s i g n i f i c a n t  d i f f e r e n c e s  from th e  

re sp o n ses  o f  no rm al s u b je c t s  (F ig  48). The low er s t i m u l a t i o n  i n d i c e s  

o f  t h e  r h e u m a t o i d  s y n o v i a l  f l u i d  PMN ( F ig  4 8 (c ) )  r e f l e c t e d  t h e i r  

h ig h e r  background chem ilum inescence  (F ig  48(a)) and p rov ided  t e n t a t i v e  

ev idence  n o t  on ly  f o r  th e  p r i o r  s t i m u l a t i o n  o f  th e s e  c e l l s  i n  v iv o  b u t  

f o r  t h e i r  d e s e n s i t i s a t i o n  to  f u r t h e r  s t i m u l a t i o n .

The a b s e n c e  o f  a  s a t i s f a c t o r y  'n o r m a l  r a n g e '  o f  PMN l u m i n o l  

c h e m i lu m in e s c e n c e  p r e v e n t e d  f u r t h e r  q u a n t i t a t i v e  c o m p a r i s o n  o f  

r h e u m a to id  PMN c h e m i lu m in e s c e n c e .  The l a c k  o f  any  q u a l i t a t i v e  

d i f f e r e n c e s  betw een th e  norm al o r  r h e u m a t o i d  PMN c h e m i l u m i n e s c e n c e  

t r a c e s  (F ig  49) formed th e  b a s i s ,  how ever, f o r  th e  r e m a in in g  work o f  

t h i s  t h e s i s .
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Table 22
Peripheral blood and svnovlal fluid PMN 

chemiluminescence. Quantitative variations -  
patients with Inflammatory arthropathies

Identific
ation

Sex Age
yrs

Diagnosis Source of 
Sample

Background
(corrected)

Peak
Height

Stimulation
Index

(R) M 45 Rheumatoid
A rthritis

Blood 19,749 508,371 25.7

(P) F 42 Psoriatic
A rthritis

Blood 21,872 500,448 22.9

(0) F 67 Rheumatoid
A rthritis

Blood 6,524 349,539 53-6

(0) F 67 Rheumatoid
A rthritis

SF 32,654 1,056,977 32.4

(Q) F 27 Rheumatoid
A rthritis

SF 80,103 1,474,787 18.4

(C) M 57 Rheumatoid
A rthritis

SF 16,101 387,974 24.1

(A) F 61 Rheumatoid
A rthritis

SF 26,156 303,065 11.6

(E) F 32 Seronagative
monoarthopathy

SF 28,148 1,759,190 62.5

‘5x1o'5PMN/ml Iso la ted  from blood or synovial f lu id  (as in d ic a te d )
were stimulated by lJx10c*/ml latex partic les. IOjiM luminol, pH 7.4, 37°C
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Figure 4 8
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s e c o n d s

-  Q u a l i t a t i v e  com parison o f  th e  l a t e x  p a r t i c l e  induced  

lum ino l chem ilum inescence o f  normal p e r i p h e r a l  b lood  

PMN and rheum atoid  s y n o v ia l  f l u i d  PMN
Q

Chemiluminescence t r a c e s  produced when 4x10 /ml . l a t e x
5

p a r t i c l e s  were added a t  tim e 0 seconds ,  to  5x10 PMN/ml.

In  (a)  th e  PMN were i s o l a t e d  from th e  p e r i p h e r a l  b lood  

o f  a normal s u b j e c t .  In  (b) PMN were i s o l a t e d  from 

th e  s y n o v ia l  f l u i d  o f  a p a t i e n t  w ith  rheum ato id  a r t h r i t i s  

( P a t i e n t ( A ) ,  Table 17). Krebs medium, pH 7 .4 ,  37°C,

10uM lu m in o l.



4.3.2Investigation of rheumatoid synovial fluid and serum for

s t i m u l i  o f  PMN lum ino l chem ilum inescenoe

The a im  o f  t h e  e x p e r i m e n t s  d e s c r i b e d  i n  t h i s  s e c t i o n  w as t o  

d e t e r m i n e  w h e th e r  r h e u m a to id  s y n o v i a l  f l u i d ,  p r e v i o u s l y  show n t o  

c o n ta in  immune com plexes (W in ch es te r  e t  a l  1970, Hay e t  a l  1979) and 

c h e m o t a c t i c  c o m p le m e n t  c o m p o n e n ts  (Ward and  Z v a i f l e r  1971)> w o u ld  

s t i m u l a t e  PMN l u m i n o l  d e p e n d e n t  c h e m ilu m in e sc e n c e  and th u s  p ro v id e  

e v i d e n c e  f o r  t h e  p r o d u c t i o n  o f  oxygen  r a d i c a l s  by t h e s e  c e l l s  i n  

p a t i e n t s  w ith  rh eum ato id  a r t h r i t i s .  The c a p a c i ty  f o r  rh eu m a to id  serum 

to  s t i m u l a t e  PMN lu m in o l  ch em ,i lu m in escen ce  was a l s o  examined. Hay e t  

a l  (1979) had d em o n s tra ted  in c re a s e d  c i r c u l a t i n g  immune com plexes in  

60^ o f  t h e i r  p a t i e n t s ,  b u t  ex cep t in  th e  p resen ce  o f  sy s te m ic  d i s e a s e  

(e.g. v a s c u l i t i s )  t h e r e  had been l i t t l e  ev idence  o f  serum com plement 

a c t i v a t i o n  (W inches te r  e t  a l  1971).

S ynov ia l F lu id

F r e s h l y  a s p i r a t e d  s y n o v i a l  f l u i d  f ro m  w h ic h  a l l  c e l l s  had  b e e n  

removed by c e n t r i f u g a t o n  a t  10,000g f o r  10 min (4.2.2) was d i l u t e d  i n  

K reb s  medium pH 7.4 and  ad d ed  t o  n o rm a l  w h o le  b lo o d  PMN. S y n o v i a l  

f l u i d  s a m p le s  s i m i l a r l y  p r e p a r e d  f ro m  p a t i e n t s  w i t h  s e r o n e g a t i v e  

i n f l a m m a t o r y  p o l y a r t h r o p a t h i e s  w e re  u s e d  a s  c o n t r o l s .  Of f o u r  

r h e u m a to id  and tw o  s e r o n e g a t i v e  f l u i d s  t e s t e d  ( p a t i e n t s  (A) t o  (F ) ,  

Table  17), on ly  one, from a  p a t i e n t  w i th  rheum ato id  a r t h r i t i s  caused  

an in c re a s e  in  chem ilum inescence ,  a f t e r  an i n i t i a l  d e c r e a s e ,  r e a c h in g  

a maximum a t  180s a f t e r  a d d i t i o n  (F ig  50 ( i ) ) .  This  s t i m u l a t i o n  was 

s l i g h t l y  dec reased  by h e a t in g  th e  c e n t r i f u g e d  s y n o v ia l  f l u i d  a t  56°C 

f o r  30 m i n u te s  t o  i n a c t i v a t e  c o m p le m e n t  ( S m i th  and Wood, 1969)> b u t  

was markedly d ec re a se d  fo l lo w in g  s to r a g e  a t  -20°C f o r  5 days  (F ig  50

( i i i ) ) .

A d d i t i o n  o f  t h e  r e m a i n i n g  r h e u m a t o i d  ( F ig  51) an d  s e r o n e g a t i v e
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4x10 COUNTS/s

(A).(ii)

1 0 0 s

8 xl(f C O U N T S /s

1 0 0 s

F ig u re  50 Luminol chem ilum inescence o f  normal p e r i p h e r a l  b lood  
PMN exposed to  rheum ato id  s y n o v ia l  f l u i d  ( I )

Chemiluminescence t r a c e s  produced by 1.2x10 PMN/ml 
s t im u la t e d  by a d d i t i o n  a t  arrow s o f  20% (v /v )  rheum ato id  
s y n o v ia l  f l u i d  from p a t i e n t  (A) (Table  17) from which 
c e l l s  had been removed by c e n t r i f u g a t i o n  a t  10,000g 
f o r  10 m in u tes .  In  ( i )  th e  f r e s h l y  a s p i r a t e d ,  c e n t r i f u g e d  
f l u i d  had n o t  been f u r t h e r  t r e a t e d .  In  ( i i )  i t  had 
been h ea ted  a t  56 C f o r  30 m in u te s .  In  ( i i i )  i t  had 
been s to r e d  a t  -20 C f o r  5 days .  Krebs medium, pH 
7 .4 ,  37°C, 10juM lu m in o l.



2x10, COUNTS/s

(D)
i

1 0 0 s

7- lx lO  COUNTS/s

1 0 0 s

I
(C)

8xl0r  COUNTS/s

1 0 0 s

F ig u re  51 Luminol chem ilum inescence o f  normal p e r i p h e r a l  b lood  
PMN exposed to  rheum ato id  s y n o v ia l  f l u i d  ( I I )

Chemiluminescence t r a c e s  which r e s u l t e d  when 20%
(v /v )  f r e s h l y  a s p i r a t e d  s y n o v ia l  f l u i d  from rheum ato id  
p a t i e n t s  (D), (B) and (C) (T ab le  17) were added , ,
a t  a r ro w s ,  to  6 .4x10 PMN/ml, 7-4x10 PMN/ml and 1.1x10 PMN/ml, 
r e s p e c t i v e l y ,  normal p e r i p h e r a l  b lood  PMN. The s y n o v ia l  
f l u i d  had been c e n t r i f u g e d  a t  10,000g f o r  10 mins 
to  remove a l l  c e l l s .  Krebs medium, pH 7 .4 ,  37 C,
10̂ iM lu m in o l.



(F ig  52) s y n o v ia l  f l u i d s  to  norm al whole b lood  PMN was fo l lo w ed  by a 

d e c re a se  in  chem ilum inescence  c o u n t / s  to  v a lu e s  which were 58-70/6, f o r  

t h e  t h r e e  r h e u m a to id  s a m p l e s ,  and  56-58^6, f o r  t h e  tw o  s e r o n e g a t i v e  

s a m p l e s ,  b e l o w  t h e  l e v e l  o f  r e s t i n g  PMN c h e m i l u m i n e s c e n c e .  

T h e r e a f t e r ,  chem ilum inescence  e i t h e r  reach ed  a p la te a u  a t  t h i s  lo w er  

l e v e l  o r  i n c r e a s e d  g r a d u a l l y  t o  a maximum w h ic h  d id  n o t  s u r p a s s  t h e  

v a lu e  o f  r e s t i n g  PMN chem ilum inescence .

A d d i t i o n  o f  K reb s  medium a l o n e  ( i . e .  w i t h o u t  s y n o v i a l  f l u i d )  t o  

n o rm a l  w h o le  b lo o d  PMN s i m i l a r l y  p r e  i n c u b a t e d  w i t h  l u m i n o l  a l s o  

r e s u l t e d  in  a d e c re a se  in  chem ilum inescence  c o u n t / s  r e a c h in g  a p la te a u  

which was 75/6 o f  th e  o r i g i n a l  r e s t i n g  PMN ch em ilum inescence  (F ig  53). 

T h is  d e c re a se  may have been accoun ted  f o r  by th e  d i l u t i o n  o f  lu m in o l  

f rom  20pM t o  10pM w h ic h  o c c u r r e d  a s  t h e  vo lum e  o f  K reb s  medium was 

i n c r e a s e d  f ro m  5 0 0 p l  t o  1ml. The e f f e c t  on t h e  g e o m e t r y  o f  l i g h t  

d e t e c t i o n  by t h e  lu r a i n o m e t e r  (2 .9 .2 )  o f  t h i s  vo lum e c h a n g e  w o u ld  

however have r e s u l t e d  in  an in c r e a s e  in  chem ilum inescence m easured.

Thus on ly  one p a t i e n t  ( p a t i e n t  (A), T ab le  17) o f  fo u r  rh eu m a to id  

s y n o v ia l  f l u i d  sam ples  t e s t e d  was a b le  to  s t i m u l a t e  norm al whole b lood 

PMN c h e m i lu m in e s c e n c e .  The r e m a i n d e r ,  and  s y n o v i a l  f l u i d  f ro m  tw o  

p a t i e n t s  w i th  s e ro n e g a t iv e  a r t h r o p a t h i e s  c a u s in g  an i n h i b i t i o n  o f  PMN 

chem ilum inescence  which was g r e a t e r  th a n  t h a t  caused by a d d i t i o n  o f  an 

eq u a l  volume o f  Krebs medium o n ly .

When s y n o v ia l  f l u i d  from rheum a to id  p a t i e n t  (A) was added back to  

a u t o l o g o u s  s y n o v i a l  f l u i d  PMN s e p a r a t e d  from  th e  sam e s a m p le  by 

d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  a s  d e s c r ib e d  in  4.2.2 no in c r e a s e  in  

s y n o v i a l  f l u i d  PMN c h e m i lu m in e s c e n c e  o c c u r r e d  ( F ig  5 4 ( i ) ) ,  r a t h e r  

t h e r e  was an im m edia te  d ec re a se  i n  PMN ch em ilum inescence  fo l lo w e d  by a 

g ra d u a l  r i s e  to  a v a lu e  which d id  n o t  s u rp a s s  t h a t  o f  th e  background 

PMN c h e m i lu m in e s c e n c e .  A d d i t i o n  o f  s y n o v i a l  f l u i d  from rh eu m a to id
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F ig u re  52 Luminol chem ilum inescence o f  normal p e r i p h e r a l  
blood  PMN exposed to  s e r o n e g a t iv e  in flam m atory  
s y n o v ia l  f l u i d .

Chemiluminescence t r a c e s  which r e s u l t e d  when 
20% (v /v )  f r e s h l y  a s p i r a t e d  s y n o v ia l  f l u i d  from 
p a t i e n t s  (E) and (F) (Tab le  17) w ith  s e ro n e g a t iv g  - 
in flam m ato ry  a r t h r o p a t h i e s ,  were added to  1.2x10 PMN/ml 
normal p e r i p h e r a l  b lood  PMN. The s y n o v ia l  f l u i d  
had been c e n t r i f u g e d  a t  10,000g f o r  10 m ins^ to  
remove a l l  c e l l s .  Krebs medium, pH 7  
10̂ iM lu m in o l.

37°C,



l - 4 x l ( ? C 0 U N T S / s

Krebs
m edium

F ig u re  53 E f f e c t  o f  a d d i t i o n  o f  Krebs medium o n ly  on th e  
lum ino l chem ilum inescence o f  normal p e r ip h e r a l  
b lood  PMN

Chemiluminescnece o f  M.6x10 PMN/ml normal p e r i p h e r a l  
b lood PMN b e fo re  and a f t e r  th e  a d d i t i o n  a t  arrow  
o f  500ul Krebs medium o n ly  (no s y n o v ia l  f l u i d  
o r  s t im u lu s ) .  The volume in c r e a s e  e q u a l le d  t h a t  
which had o ccu rred  by a d d i t i o n  o f  d i l u t e d  s y n o v ia l  
f l u i d  (200pl s y n o v ia l  f l u d i  + 3 0 0 p l  Krebs medium) 
in  F ig u re s  50-52 . Krebs medium, pH 7 . ^ ,  37°C,
10uM lu m in o l.
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1-4x10 [COUNTS/s

1 00s

(A)Cii)

F ig u re  5*1 E f f e c t  o f  rheum ato id  s y n o v ia l  f l u i d  from p a t i e n t
(A) on th e  lum ino l chem ilum inescence o f  au to lo g o u s  
rheum ato id  and s e r o n e g a t iv e  in flam m atory  s y n o v ia l  
f l u i d  PMN

Chemiluminescence which r e s u l t e d  when 20% (v /v )  
s y n o v ia l  f l u i d  from rheum ato id  p a t i e n t  £A) (T ab le  
17) was added, a t  a r ro w s ,  to  ( i )  1.3x10 PMN/mjL 
au to lo g o u s  s y n o v ia l  f l u i d  PMN and ( i i )  1.3x10 PMN/ml 
PMN from th e  s y n o v ia l  f l u i d  o f  p a t i e n t  (E) w ith  
a s e ro n e g a t iv e  m onoarth ropa thy  (T able  17).
The rheum ato id  s y n o v ia l  f l u i d  had been c e n t r i f u g e d  
a t  10,000g f o r  10 m inu tes  to  remove a l l  c e l l s .
Krebs medium pH 7.*1 , 37°C, 10̂ uM lu m in o l.



p a t i e n t ( A )  t o  PMN i s o l a t e d  f ro m  t h e  s y n o v i a l  f l u i d  o f  s e r o n e g a t i v e  

m o n o a r t h r o p a th y  p a t i e n t  (E) r e s u l t e d  i n  a  m a s s iv e  i n c r e a s e  i n  PMN 

ch em ilu m in escen ce ,  a f t e r  a d e c re a s e ,  r e a c h in g  a maximum 220s fo l lo w in g  

t h e  a d d i t i o n  o f  f l u i d  ( F ig  54 ( i i ) ) .  As w i t h  t h e  s t i m u l a t i o n  o f  

n o r m a l  b lo o d  PMN t h e  s e r o n e g a t i v e  s y n o v i a l  f l u i d  PMN w re  a l s o  

s t im u la t e d  by rheum ato id  p a t i e n t  (A)'s s y n o v ia l  f l u i d  which had been 

h e a ted  a t  56°C f o r  30 m in u te s  (d a ta  n o t  shown) ( c f  F ig  50 ( i i ) ) .

Serum

Serum was p rep a red  from whole b lood f r e s h l y  v e n e se c te d  from t h r e e  

p a t i e n t s  w i th  rheum ato id  a r t h r i t i s  ((M), (N) and (R), T ab le  18) one o f  

whom (N), had F e l t y ' s  syndrome w i th  sp lenom egaly  and a  le u k o p a e n ia  o f  

1.8 x 1 0 ^ /1  (28$) n e u t r o p h i l s )  a c c o r d i n g  t o  t h e  m e thod  d e s c r i b e d  i n  

4.2.1. F o l lo w in g  th e  a d d i t i o n  o f  serum , ( d i l u t e d  in  Krebs medium) to  

no rm al PMN p re in c u b a te d  a t  37°C w i th  lu m in o l  t h e r e  was an im m ed ia te  

f a l l  in  chem ilum inescence  c o u n t / s  to  v a lu e s  which were 50$, 44$ and 

47$ o f  r e s t i n g  PMN chem ilum inescence  f o r  (M) (N) and (R) r e s p e c t i v e l y  

a t  50-60 seconds (F ig  55). T h e r e a f t e r  t h e r e  was a  g ra d u a l  r i s e  i n  PMN 

l u m i n o l  c h e m i lu m in e s c e n c e  w h ic h  r e a c h e d  a p l a t e a u  a t  5 1 -6 9 $  o f  t h e  

v a l u e  o f  r e s t i n g  PMN c h e m i l u m i n e s c e n c e .  A d d i t i o n  o f  o n ly  5$ ( v /v )  

s e ru m  ( d i l u t e d  i n  K reb s  medium t o  5 0 0 ji l)  f ro m  p a t i e n t s  (N) an d  (R) 

r e s u l t e d  in  i n h i b i t i o n  o f  PMN chem ilum inescence  to  l e v e l s  which were 

95$ and 90$ o f  th e  r e s t i n g  v a lu e  (d a ta  n o t  shown).

Rheumatoid serum had th u s  f a i l e d  to  s t i m u l a t e  norm al b lood  PMN 

chem ilum inescence ; i n s t e a d ,  an i n h i b i t i o n  o f  r e s t i n g  ch em ilu m in escen ce  

had  o c c u r r e d .  R h e u m a to id  se ru m  s i m i l a r l y  i n h i b i t e d  t h e  r e s t i n g  

chem ilum inescence  o f  au to lo g o u s  rh eu m a to id  b lood PMN (d a ta  n o t  shown). 

A d d it io n  o f  normal serum s i m i l a r l y  p rep a red  from f r e s h l y  v e n e s e c te d  

whole b lood a l s o  caused a r a p id  f a l l  i n  th e  lu m in o l  ch em ilu m in escen ce
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Figure 55 Luminol chemiluminescence of normal peripheral 
blood PMN exposed to rheumatoid serum

Chemiluminescence t r a c e s  which r e s u l t e d  when 
20% (v /v )  serum from rheum ato id  p a t i e n t s  (M), 
(N) and (R) (T ab le  181 was added a t  arrow s to  
1.1x10 PMN/ml, 5 .7x10 PMN/ml and 5 . TxlO^PMN/ml 
normal p e r i p h e r a l  b lood  PMN r e s p e c t i v e l y .  The 
s e r a  were o b ta in e d  from f r e s h l y  a s p i r a t e d  whole 
b lood  and had n o t  been h e a t  t r e a t e d .  Krebs 
medium, pH 7.M , 37°C, 10|iM lu m in o l.



2 - 3 x 1 0  C O U N T S /s
n o rm a l  s e r u m

1 0 0 s

Figure 56 Effect of normal serum on the luminol chemiluminescence 
of normal peripheral blood PMN

5Chemiluminescnece trace produced by 6.5x10 PMN/ml 
normal peripheral blood PMN to which 200yul of 
normal serum (diluted to 500ul in Krebs medium) 
was added at arrow. Krebs medium pH 7.M, 37°C 
10pM luminol.



o f  n o r m a l  PMN ( F i g  56 )  t o  a  v a l u e  w h i c h  w as  52% o f  r e s t i n g  

chem ilum inescence  50 seconds a f t e r  a d d i t i o n .  T h e r e a  t h e r e  was a 

g ra d u a l  r i s e  in  chem ilum inesce^nce  c o u n t / s  to  a  p la t e a u  a t  90% o f  th e  

o r i g i n a l  r e s t i n g  chem ilum inescence .

4 .3 .3  I n v e s t i g a t i o n  o f  s y n o v ia l  f l u i d  and serum f o r  i n h i b i t o r s  o f  

PMN lum ino l chem ilum inescence 

A l t h o u g h  t h e  n u m b e r  o f  s a m p l e s  e x a m i n e d  w a s  s m a l l ,  t h e  

p red o m in a n t ly  i n h i b i t o r y  e f f e c t  o f  rh eu m a to id  s y n o v ia l  f l u i d  and serum 

on th e  r e s t i n g  chem ilum inescence  o f  norm al PMN i n  th e  e x p e r im e n ts  o f  

th e  p re v io u s  s e c t i o n  su g g es ted  e i t h e r

( i )  t h e  s a m p l e s  d i d  n o t  c o n t a i n  s t i m u l i  o f  PMN 

chem ilum inescence.

o r

( i i )  t h e  s a m p le s  c o n t a i n e d  i n h i b i t o r s  o f  PMN ch em ilu m in escen ce  

in s t e a d  o f / o r  in  a d d i t i o n  to  s t i m u l i .

S e r o n e g a t i v e  s y n o v i a l  f l u i d  and  n o r m a l  se ru m  had  s i m i l a r l y  a l s o  

i n h i b i t e d  th e  chem ilum inescence  o f  r e s t i n g  PMN. I t  was now im p o r ta n t  

to  e s t a b l i s h  w hether  s i m i l a r  i n h i b i t i o n s  would occur in  th e  p re se n c e  

o f  'model s t i m u l i '  o f  PMN chem ilum inescence ( c f  C hap ter  3 ) .

S y n o v ia l  F lu id

The e f f e c t  o f  sy n o v ia l  f l u i d  from fo u r  p a t i e n t s  (H) -  (L), T ab les  

17 a n d  I S ,  ( t h r e e  w i t h  r h e u m a t o i d  a r t h r i t i s  a n d  o n e  w i t h  

c h o n d r o c a l c i n o s i s )  on t h e  l u m i n o l  c h e m i lu m in e s c e n c e  o f  n o r m a l  PMN 

s t i m u l a t e d  by t h e  c h e m o t a c t i c  p e p t i d e  n f o r m y l  m et l e u  phe w as 

e x a m in e d  ( F ig  57 ) .  I n  a l l  c a s e s ,  i m m e d i a t e l y  f o l l o w i n g  a s p i r a t i o n ,  

th e  s y n o v ia l  f l u i d  had been c e n t r i f u g e d  a t  10,000g f o r  10 m in u te s  to  

remove c e l l s  (4.2.2) and s to r e d  a t  -70°C f o r  s i x  months. P r i o r  to  use  

t h e  s a m p le s  w ere  h e a t e d  a t  56°C f o r  30 m i n u t e s  t o  i n a c t i v a t e
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F ig u re  57 I n h i b i t i o n  o f  c h e m o ta c t ic  p e p t id e  s t im u la t e d  PMN 
chem ilum inescence by s y n o v ia l  f l u i d

5
Chemiluminescence t r a c e s  produced when 5x10 PMN/ml 
(normal p e r i p h e r a l  b lood  PMN) were s t im u la t e d  by- 
a d d i t i o n  a t  0 seconds o f  1uM ch em o tac t ic  p e p t id e .
The top  t r a c e  shows th e  u s u a l  chem ilum inescence 
re sp o n se  to  t h i s  s t im u lu s .  In  th e  rem ain ing  t r a c e s  
c e l l s  were p r e - in c u b a te d  w ith  40% (v /v )  s y n o v ia l  
f l u i d  from rheum ato id  p a t i e n t s  ( L ) , ( J ) ,  (H) and 
p a t i e n t  (K) who had c h o n d ro c a lc in o s i s  (T ab les  17 
and 18),  f o r  5 m inu tes  a t  37°C p r i o r  to  a d d i t i o n  
o f  s t im u lu s .  Krebs medium pH 7 .^ ,  37°C, 10yaM lu m in o l .



c o m p le m e n t .  N orm al w h o le  b lo o d  PMN w e re  t h e n  p r e - i n c u b a t e d  w i t h  

s y n o v ia l  f l u i d  and lu m in o l  a t  37°C f o r  5 m in u te s  p r i o r  to  th e  a d d i t i o n  

o f  c h e m o t a c t i c  p e p t i d e .  A l l  f o u r  s y n o v i a l  f l u i d s  i n h i b i t e d  t h e  

r e s u l t a n t  PMN chem ilum inescence  (F i  g 57), th e  maximum peak h e i g h t s  

b e i n g  b e tw e e n  5% (H) and  36^ (L) o f  t h a t  a c h i e v e d  i n  t h e  a b s e n c e  o f  

s y n o v i a l  f l u i d .  T h is  c o n c u r r e d  w i t l ^ o b s e r v a t i o n s  made d u r i n g  t h e  

d i f f e r e n t i a l  c e n t r i f u g a t i o n  o f  s y n o v i a l  f l u i d ,  (4 .2 .2 ,  F ig  46 and  

T a b le  19 ),  t h a t  r e l a t i v e  t o  t h e  c o n c e n t r a t i o n  o f  PMN̂  c h e m o t a c t i c  

p e p t id e  s t im u la t e d  a l a r g e r  chem ilu m in escen ce  re sp o n se  in  PMN i s o l a t e d  

from rheum a to id  s y n o v ia l  f l u i d  and re su sp en d ed  in  Krebs medium th a n  in  

PMN which had n o t  been so i s o l a t e d .

Serum

When n o rm a l  PMN w e re  p r e i n c u b a t e d  w i t h  n o rm a l  human se ru m  and  

l u m i n o l  i n  K rebs  medium pH 7 .4 ,  37°C f o r  3 -5  m i n u t e s  p r i o r  t o

s t i m u l a t i o n  by c h e m o ta c t ic  o r  p h a g o cy t ic  s t i m u l i  th e  r e s u l t a n t  r e s t i n g  

and s t im u la t e d  PMN lu m in o l  chem ilum inescence  was m arkedly  reduced  when 

co m p a re d  w i t h  PMN i n  t h e  a b s e n c e  o f  s e ru m  ( F ig .  5 8 ) ,  40/6 ( v / v )  s e ru m  

in  Krebs medium caused  an 85% i n h i b i t i o n  in  peak h e ig h t  o f  c h e m o ta c t ic  

p e p t i d e  in d u c e d  PMN c h e m i l u m i n e s c e n c e  w h i l e  o n ly  ( v /v )  s e ru m  i n  

K reb s  medium c a u s e d  a 67% i n h i b i t i o n  o f  l a t e x  p a r t i c l e  i n d u c e d  

chem ilum inescence . Normal human serum in  th e  range  10—80% (v /v )  i n  

Krebs medium a l s o  caused i n h i b i t i o n  o f  r e s t i n g  and s t i m u l a t e d  lu m in o l  

PMN c h e m i lu m in e s c e n c e  w h ic h  was d o s e  r e l a t e d  ( F ig  5 9 ) .  80% ( v / v )

se ru m  c a u s e d  84% i n h i b i t i o n  o f  o p s o n i s e d  zym osan  s t i m u l a t e d  PMN 

l u m i n o l  c h e m i lu m in e s c e n c e .  Two t h i r d s  o f  t h i s  i n h i b i t i o n  p e r s i s t e d  

f o l lo w in g  d i a l y s i s  o f  norm al serum a g a i n s t  11 Krebs medium pH 7.4 f o r  

24 h r s .  (T a b le  23) i n d i c a t i n g  t h a t  t h e  i n h i b i t o r y  f a c t o r ( s )  w as o f  

h igh  m o le c u la r  w eigh t .
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F ig u re  58 I n h i b i t i o n  o f  ch em o tac t ic  p e p t id e  and l a t e x  p a r t i c l e  
s t im u la te d  PMN chem ilum inescence by normal serum

The top  p a i r  o f  chem ilum inescence t r a c e s  were produced  
by 5x10 normal PMN s t im u la t e d  by a d d i t i o n  a t  arrow  
o f  1pM ch em o tac tic  p e p t id e  in  th e  p re sen ce  and absence  
(a s  i n d i c a te d )  o f  *10% (v /v )  serum in  Krebs medium.

5
The lower p a i r  o f  t r a c e s  were produced by 6x10 normal 
PMN s t im u la te d  by a d d i t i o n  a t  arrow  o f  4x10 /ml l a t e x  
p a r t i c l e s  in  th e  p re sen ce  and absence  (a s  i n d i c a t e d  ) 
o f  1% (v /v )  serum in  Krebs medium.

The s e r a  were h e a t  t r e a t e d  to  i n a c t i v a t e  complement. 
pH 7 .4 ,  37°C, 10/iM lum ino l.
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K r e b s  m e d i u m

F ig u re  59 C o n c e n t ra t io n  r e l a t e d  i n h i b i t i o n  o f  r e s t i n g  and 
s t im u la te d  PMN chem ilum inescence by normal serum

The graph shows th e  r e s u l t s  of. one experim en t 
in  which 5x10 PMN/ml were s t i l u l a t e d  by 1mg/ml 
opson ised  zymosan in  th e  p re se n c e  o f  10-80% (v /v )  
normal serum in  Krebs medium. P o in t s  r e p r e s e n t  
th e  v a lu e s  o f  background ( A ) and peak h e ig h t  
( A )  chem ilum inescence o b ta in e d  f o r  each serum 
c o n c e n t r a t i o n  e x p re s se d  a s  a p e rc e n ta g e  o f  th e  
chem ilum inescence ex p ec ted  in  th e  absence  o f  serum , 
( s in g l e  o r  d u p l i c a t e  o b s e r v a t i o n s ) .  The serum 
was h e a t  t r e a t e d  to  i n a c t i v a t e  complement. pH
7.4 , 37°C, 10jaM lu m in o l.
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4 .4  D isc u ss io n

The e x p e r im en ts  r e p o r te d  in  t h i s  c h a p te r  d e m o n s tra te d  t h a t  bo th  

no rm al and rheum ato id  serum , and s y n o v ia l  f l u i d  from rh eu m a to id  and 

o th e r  in f lam m ato ry  a r t h r o p a t h i e s  e x e r t e d  a p o te n t  i n h i b i t o r y  e f f e c t  on 

th e  lu m in o l  chem ilum inescence  o f  PMN which were r e s t i n g  o r  s t i m u l a t e d  

by 'm o d e l '  c h e m o t a c t i c  o r  p h a g o c y t i c  s t i m u l i .  O nly  one o f  f o u r  

rheum a to id  s y n o v ia l  f l u i d s  t e s t e d  caused  s t i m u l a t i o n  o f  PMN lu m in o l  

chem ilum inescence  s u g g e s t in g  t h a t  e i t h e r  th e  re m a in in g  f l u i d s  d id  n o t  

c o n t a i n  s t i m u l i  a t  a l l ,  o r  t h a t  s t i m u l i  w e re  i n  i n s u f f i c i e n t  

c o n c e n t r a t i o n s  t o  o v e rco m e  t h e  i n h i b i t o r y  e f f e c t  o f  t h e  f l u i d  on 

l u m i n o l  c h e m i lu m in e s c e n c e .  The n a t u r e  o f  t h e  i n h i b i t i o n  was n o t  

d e f in e d  by th e s e  e x p e r im en ts  b u t  i t  was found to  be dose dependent and 

to  be r e t a in e d  fo l lo w in g  d i a l y s i s .

An i m p o r t a n t  p r e l u d e  t o  t h e  e x p e r i m e n t s  was t h e  d e f i n i t i o n  o f  

c o n d i t io n s  (u s in g  lu m in o l  dependent chem ilum inescence  a s  an a s sa y  o f  

l i v e  c e l l s )  r e q u i r e d  to  denude v is c o u s  s y n o v ia l  f l u i d  o f  a l l  suspended 

c e l l s  and t h e r e b y  rem o v e  a p o t e n t i a l  s o u r c e  o f  a r t e f a c t  i n  any  

s u b s e q u e n t  e x a m i n a t i o n  o f  t h e  f l u i d  f o r  s t i m u l i  o f  PMN l u m i n o l  

dependent chem ilum inescence  (4.2.2). I t  was th u s  shown t h a t  to  remove 

a l l  l i v e  c e l l s ,  s y n o v ia l  f l u i d  shou ld  be c e n t r i f u g e d  a t  a  minimum o f  

10,000g f o r  10 min.

Of t h e  tw o p a p e r s  p u b l i s h e d  s u b s e q u e n t l y  by o t h e r  a u t h o r s  

r e p o r t i n g  s t i m u l a t i o n  o f  PMN lu m in o l  dependent chem ilum inescence  by 

r h e u m a t o i d  s y n o v i a l  f l u i d ,  one (G a le  e t  a l  1984) d i d  n o t  d e t a i l  t h e  

speed a t  w h i c h t h e  f l u i d  was c e n t r i f u g e d ,  and th e  o th e r  (Jam es, B e t t s  

and C le lan d  1983) c e n t r i f u g e d  the  f l u i d  d i l u t e d  1:1 i n  b u f f e r  medium 

a t  200g f o r  30 m inu tes .  Removal o f  a l l  PMN i s  c l e a r l y  a s in e  qua non 

f o r  th e  measurement o f  any c e l l  p ro d u c t  (such  a s  a  p r o t e o l y t i c  enzyme) 

in  s y n o v ia l  f l u i d ,  where th e  p resence  o f  PMN a s  a p e r s i s t e n t  so u rc e  o f
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th e  p ro d u c t  would a l s o  be a p o t e n t i a l  so u rce  o f  a r t e f a c t .

A m ethod  was a l s o  e s t a b l i s h e d  f o r  t h e  i s o l a t i o n  o f  v i a b l e  PMN 

from s y n o v ia l  f l u i d  sam ples  which a l lo w e d  su bsequen t ex a m in a t io n  o f  

t h e  l u m i n o l  d e p e n d e n t  c h e m i l u m i n e s c e n c e  r e s p o n s e s  o f  t h e  c e l l s  n o t  

o n ly  t o  m odel s t i m u l i  b u t  a l s o  t o  s y n o v i a l  f l u i d  i t s e l f .  The 

u n e x p e c te d  q u a n t i t a t i v e  v a r i a t i o n  i n  t h e  r e s t i n g  and  p e a k  h e i g h t  

v a l u e s  o f  n o rm a l  b lo o d  PMN e x p o s e d  t o  a f i x e d  d o s a g e  o f  l a t e x  

p a r t i c l e s  p r e v e n t e d  t h e  e s t a b l i s h m e n t  o f  a  'n o r m a l  r a n g e '  and  

m e a n i n g f u l  q u a n t i t a t i v e  c o m p a r i s o n  w i t h  t h e  c h e m i l u m i n e s c e n c e  o f  

rheum a to id  b lood o r  s y n o v ia l  f l u i d  PMN. N icho lson  and Sugars  (1982) 

had  e x p e r i e n c e d  s i m i l a r  d i f f i c u l t y  i n  e s t a b l i s h i n g  a  'n o r m a l  r a n g e '  

f o r  th e  lu m in o l  dependent chem ilum inescence  o f  PMN s t i m u l a t e d  by th e  

ca lc ium  ionophore  A23187.

The h ig h e r  background ch em ilum inescence  o f  rh eu m a to id  s y n o v ia l  

f l u i d  PMN when compared to  t h a t  o f  rh eu m a to id  blood PMN (Table  22, F ig  

48) was c o n c u r r e n t ly  d em o n s tra ted  by. James e t  a l  (1983) who a l s o  found 

t h a t  t h e  s y n o v i a l  f l u i d  PMN a c h i e v e d  a h i g h e r  p eak  h e i g h t  o f  

chem ilum inescence  on subsequen t s t i m u l a t i o n  w i th  h e a t  a g g re g a te d  1gG 

(c . f .  t a b l e  22). Both o b s e rv a t io n s  would be c o m p a tib le  w i th  th e  p r i o r  

i n  v iv o  s t i m u l a t i o n  o f  s y n o v i a l  f l u i d  PMN ( T u r n e r  e t  a l  1973» Vann 

Epps and G arc ia  1980, E n g l is h ,  R o lo f f  and Lukens, 1981). By c o n t r a s t  

Van de S t a d t ,  Van de V o o r d e - V i s s e r s  and  F e l tk a m p -V ro o m  (1980)  w e re  

unab le  to  d e m o n s tra te  any d i f f e r e n c e  in  th e  r a t e  o f  oxygen consum ption  

by r e s t i n g  o r  s t im u la t e d  sy n o v ia l  f l u i d  PMN when compared w i th  t h a t  o f  

n o r m a l  o r  r h e u m a t o i d  p e r i p h e r a l  b lo o d  PMN, b u t  c o r r e l a t e d  t h i s  

o b s e r v a t i o n  w i t h  t h e  low  f r e q u e n c y  o f  im m unog lobu lin  i n c l u s i o n s  in  

t h e i r  r h e u m a to id  PMN s a m p l e s .  C h iu  e t  a l  (1983) r e p o r t e d  no 

s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  n o rm a l  and  (non  F e l t y )  r h e u m a t o i d  

p e r i p h e r a l  b lo o d  PMN f e r r i c y t o c h r o m e  c r e d u c t i o n  i n  r e s p o n s e  t o
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s t i m u l a t i o n  w i t h  n f o r m y l  m et l e u  p h e .  Y o u s s e f  and  B aro n  (1 9 8 3 ) ,  

h o w e v e r ,  fo u n d  i n c r e a s e d  ' s u p e r o x i d e  d i s m u t a s e  a c t i v i t y '  i n  t h e i r  

rh eu m a to id  p e r ip h e r a l  b lood  PMN and m ononuclear c e l l s  when compared to  

n o rm a ls .

C o n c o m i ta n t  w i t h  t h e  w ork  o f  t h i s  t h e s i s ,  G a le  e t  a l  1984) 

d e s c r ib e d  s t i m u l a t i o n  o f  no rm al p e r i p h e r a l  b lood  PMN lu m in o l  dependent 

c h e m i lu m in e s c e n c e  by 16 o f  t h e i r  21 s a m p l e s  o f  r h e u m a to id  s y n o v i a l  

f l u i d  and by none  o f  t h e i r  10 n o n - r h e u m a t o i d  s a m p l e s .  They w e re  

u n a b l e  t o  c o r r e l a t e  t h e i r  r e s u l t s  w i t h  a s s a y s  o f  C lq  b i n d i n g  f o r  

immune complexes o r  w ith  rh eu m a to id  f a c t o r  t i t r e s .  James e t  a l  (1983) 

a l s o  d e s c r i b e d  e n h a n c e m e n t  o f  n o r m a l  p e r i p h e r a l  b lo o d  PMN l u m i n o l  

d e p e n d e n t  c h e m i lu m in e s c e n c e  f ro m  t h e  p a t i e n t s  w i t h  r h e u m a t o i d  

a r t h r i t i s .  In  one in s ta n c e  s t i m u l a t i o n  o f  a u to lo g o u s  s y n o v ia l  f l u i d  

PMN y i e l d e d  a h i g h e r  p eak  h e i g h t  c h e m i l u m i n e s c e n c e  r e s p o n s e .  As 

i n d i c a t e d  p r e v i o u s l y ,  h o w e v e r  i t  i s  p o s s i b l e  t h a t  b o th  g ro u p s  

c e n t r i f u g e d  t h e i r  s y n o v i a l  f l u i d  s a m p l e s  a t  i n s u f f i c i e n t  s p e e d s  t o  

remove a l l  l i v e  c e l l s  o r  c e l l  d e b r i s .

In  th e  ex p e r im e n ts  o f  t h i s  c h a p te r ,  th e  one rh eu m a to id  s y n o v ia l  

f l u i d  sam ple which s t im u la t e d  no rm al b lood  PMN ch em ilum inescence  a l s o  

s t im u la t e d  chem ilum inescence  in  PMN i s o l a t e d  from th e  s y n o v ia l  f l u i d  

o f  a p a t i e n t  w i t h  a  s e r o n e g a t i v e  i n f l a m m a t o r y  m o n o a r t h r o p a t h y ,  b u t  

f a i l e d  to  s t i m u l a t e  an in c r e a s e  i n  chem ilum inescence  when added back 

t o  a u t o l o g o u s  r h e u m a to id  s y n o i v a l  f l u i d  PMN. The l a t t e r  may h a v e  

r e p r e s e n t e d  an  e x a m p le  o f  ' d e s e n s i t i s a t i o n '  o f  o x id a t iv e  i n i t i a t i o n  

o c c u r r i n g  a s  a r e s u l t  o f  m u l t i p l e  e x p o s u r e s  o f  t h e  c e l l s  t o  

c h e m o ta x i n s  i n  v iv o  ( E n g l i s h  e t  a l  1981, Jam es  e t  a l  1 983 ) .  The 

m in im a l  i n h i b i t i o n  o f  t h e  s t i m u l a t o r y  c a p a c i t y  o f  t h i s  s a m p le  by 

in c u b a t io n  a t  56°C f o r  30 m in u tes  i n d i c a t e d  t h a t  i t  was n o t  caused  by 

complement (F ig  50). S i m i l a r l y  i t s  f a i l u r e  to  w i th s ta n d  s to r a g e  a t  -



20°C f o r  5 days was s u g g e s t iv e  o f  a t  l e a s t  p a r t i a l  dependence o f  th e  

s t i m u l a t o r y  c a p a c i t y  on n o n - c o v a l e n t  m o l e c u l a r  b o n d in g  w h ic h  w as 

d i s r u p te d  by f r e e z e - th a w in g .

A l th o u g h  S ta rk e b a u m  e t  a l  (1981)  and  Ja m e s  e t  a l  (1983) b o th  

d e s c r ib e d  s t i m u l a t i o n  o f  PMN lu m in o l  chem ilum inescence  by rh eu m a to id  

s e r a ,  i n  th e  ex p e r im e n ts  o f  t h i s  c h a p te r ,  even in  th e  p re sen ce  o f  th e  

low  c o n c e n t r t i o n s  o f  s e r a  (5 % ( v / v )  s e ru m  i n  K reb s  medium ) u s e d  by 

S ta rk e b a u m  e t  a l  ( 1 981) ,  an  i n h i b i t i o n  r a t h e r  t h a n  a  s t i m u l a t i o n  o f  

PMN lu m in o l  chem ilum inescence  o c c u r re d .  The i n h i b i t i o n  o f  r e s t i n g  PMN 

l u m i n o l  c h e m i lu m in e s c e n c e  e f f e c t e d  by norm al serum was found t o  be 

c o n c e n t r a t i o n  d e p e n d e n t  s u c h  t h a t  80% ( v /v )  se ru m  c a u s e d  >Q 0 %  

i n h i b i t i o n .  N orm al se rum  s i m i l a r l y  i n h i b i t e d  op so n ised  zymosan and 

c h e m o ta c t ic  p e p t id e  s t im u la t e d  PMN lu m in o l  dependent ch em ilum inescence  

and was a p a r t i c u l a r l y  p o te n t  i n h i b i t o r  o f  l a t e x  p a r t i c l e  s t i m u l a t e d  

PMN chem ilum inescence.

The p r e v io u s ly  u n d esc r ib e d  i n h i b i t i o n  o f  r e s t i n g  and s t i m u l a t e d  

PMN lu m in o l  chem ilum inescence  by serum and s y n o v ia l  f l u i d  d e m o n s tra te d  

in  t h i s  c h a p te r  c l e a r l y  r e q u i r e d  f u r t h e r  i n v e s t i g a t i o n  i f  th e  r o l e  o f  

oxygen r a d i c a l s  in  th e  p a th o g e n e s is  o f  rh eu m a to id  a r t h r i t i s  was to  be 

e s t a b l i s h e d .  W h a te v e r  t h e  known s t i m u l i  o f  PMN o xygen  r a d i c a l  

p r o d u c t i o n  w i t h i n  t h e  s y n o v i a l  f l u i d  and  s e r a  o f  p a t i e n t s  w i t h  t h i s  

d i s e a s e  t h e  e x p e r i m e n t s  o f  t h i s  c h a p t e r  had  p r o v i d e d  p r e l i m i n a r y  

ev id en ce  o f  th e  c o - e x i s t e n c e  o f  p o t e n t  e x t r a c e l l u l a r  oxygen  r a d i c a l  

s c a v e n g i n g  m e c h a n i s m s .  O t h e r  p o t e n t i a l  e x p l a n a t i o n s  f o r  t h e  

i n h i b i t o r y  e f f e c t s  o f  t h e  s y n o v i a l  f l u i d  a n d  s e r u m  o n  PMN 

chem ilum inescence  a l s o ,  in c lu d e d  i n t e r f e r e n c e  w i th  l i g h t  t r a n s m is s i o n ,  

quenching  o f  th e  lu m in o l  e x c i t e d  s t a t e  o r  i n h i b i i t o n  o f  c e l l  s t im u lu s  

i n t e r a c t i o n .  E v id e n c e  i n  f a v o u r  o f  t h e  l a t t e r  had  p r e v i o u s l y  b e e n  

p ro v id ed  by Turner e t  a l  (1973) and W ilton  e t  a l  (19 7 9 ) .
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P e r s i s t e n c e  o f  t h e  PMN c h e m i l u m i n e s c e n c e  i n h i b i t i n g  e f f e c t  i n  

d ia ly s e d  serum su g g es ted  t h a t  a  h igh  m o le c u la r  w e igh t  component was 

r e s p o n s ib le .  I d e n t i f i c a t i o n  o f  th e  component and i n v e s t i g a t i o n  o f  th e  

mechanism by which PMN chem ilum inescence  was i n h i b i t e d  p ro v id ed  th e  

b a s i s  o f  th e  n ex t  two c h a p te r s  o f  t h i s  t h e s i s  ( c f  1.6).

Summary

Serum and s y n o v i a l  f l u i d  w e re  fo u n d  t o  be p o t e n t  i n h i b i t o r s  o f  

r e s t i n g  and  s t i m u l a t e d  PMN l u m i n o l  c h e m i l u m i n e s c e n c e .  A p o s s i b l e  

e x p la n a t io n  f o r  t h i s  i n h i b i t i o n  was oxygen r a d i c a l  s cav en g in g .

(a) L u m i n o l  d e p e n d e n t  c h e m i l u m i n e s c e n c e  a n d  d i f f e r e n t i a l  

c e n t r i f u g a t i o n  were used to  d e f in e  th e  c o n d i t io n s  r e q u i r e d  to  

denude s y n o v ia l  f l u i d  o f  a l l  c e l l s  ( c e n t r i f u g a t i o n  o f  th e  f l u i d  

a t  10,000g f o r  10 m in u te s ) .

(b) C o n s i d e r a b l e  i n t e r  a n d  i n t r a - s u b j e c t  v a r i a t i o n  i n  t h e  

chem ilum inescence  re sp o n se s  o f  no rm al PMN to  a  model s t im u lu s  

im p a ire d  q u a n t i t a t i v e  com parison  w i th  t h e  chem ilum inescence  o f  

rheum ato id  PMN. No q u a l i t a t i v e  d i f f e r e n c e s  were o b se rv e d .

(c )  S y n o v ia l  f l u i d  (20% v / v )  f ro m  t h r e e  p a t i e n t s  w i t h  r h e u m a t o i d  

a r t h r i t i s  and tw o  p a t i e n t s  w i t h  s e r o n e g a t i v e  i n f l a m m a t o r y  

a r t h r o p a t h i e s ,  t o g e t h e r  w i t h  s e ru m  fro m  t h r e e  p a t i e n t s  w i t h  

rheum a to id  a r t h r i t i s  f a i l e d  t o  s t i m u l a t e  norm al o r  a u to lo g o u s  

PMN l u m i n o l  d e p e n d e n t  c h e m i l u m i n e s c n e c e .  One r h e u m a t o i d  

s y n o v i a l  f l u i d  s a m p le  was s t i m u l a t o r y ,  a l t h o u g h  t h i s  w as 

i n h i b i t e d  by s to r a g e  o f  th e  sample a t  -20°C f o r  5 d a y s .

(d) S y n o v ia l  f l u i d  (40% v / v )  f rom  t h r e e  p a t i e n t s  w i t h  r h e u m a t o i d  

a r t h r i t i s  and one p a t i e n t  w i th  c h o r d r o c a l c in o s i s  i n h i b i t e d  th e
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p eak  h e i g h t  o f  t h e  l u m i n o l  c h e m i lu m in e s c e n c e  o f  n o r m a l  PMN 

s t im u la te d  by c h em o tac t ic  p e p t id e  by up t o  95%.

(e)  N orm al se ru m  c a u s e d  p o t e n t ,  d o se  d e p e n d e n t ,  i n h i b i t i o n  o f  

r e s t i n g  and s t i m u l a t e d  PMN l u m i n o l  c h e m i l u m i n e s c e n c e .  40% 

(v /v)  norm al serum i n h i b i t e d  th e  peak h e ig h t  ch em ilum inescence  

o f  opson ised  zymosan s t im u la t e d  PMN by 75%. D em o n s tra t io n  t h a t  

more th an  2 /3  o f  t h i s  i n h i b i t i o n  p e r s i s t e d  f o l lo w in g  d i a l y s i s  

o f  serum in d i c a te d  t h a t  a  h igh  m o le c u la r  w e igh t  component was 

r e s p o n s ib l e .
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5 . 3 . ^  E f f e c t  o f  d ia ly s e d  album in on PMN chem ilum inescence

5 .3 .5  E f f e c t  o f  a l b u m i n  on  PMN o x y g e n  c o n s u m p t i o n  a n d  

cytochrom e c r e d u c t io n

5 .^  D iscu ss io n

5 .5  Summary
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5.1  I n t r o d u c t io n

The low  l e v e l  o f  'k n o w n ' o xygen  r a d i c a l  s c a v e n g e r s  i n  t h e  

e x t r a c e l l u l a r  m i l i e u  (1.2.3) had p r e v io u s ly  formed an i n t e g r a l  p a r t  o f  

t h e  p r o p o s a l  t h a t  oxygen  r a d i c a l s  may p l a y  an  i m p o r t a n t  r o l e  i n  t h e  

p a t h o g e n e s i s  o f  r h e u m a to id  a r t h r i t i s  (D el M a e s t r o  1980, G re e n w a ld  

1981). The d e m o n s t r a t i o n ,  i n  t h e  e x p e r i m e n t s  o f  t h e  l a s t  c h a p t e r ,  

t h a t  serum and sy n o v ia l  f l u i d  were p o te n t  i n h i b i t o r s  o f  PMN oxygen 

r a d i c a l  a c t i v i t y ,  a s  m easured by lu m in o l  ch em ilu m in escen ce ,  t h e r e f o r e  

r e q u i r e d  f u r t h e r  i n v e s t i g a t i o n .  I t  was im p o r ta n t  to  e s t a b l i s h : -

(a )  which component o f  serum and s y n o v ia l  f l u i d  was 

r e s p o n s i b l e  f o r  t h e  i n h i b i t i o n  o f  

chem ilum inescence

and

(b) t h e  m e c h a n i s m  o f  t h e  i n h i b i t i o n  a n d ,  i n

p a r t i c u l a r ,  what p r o p o r t io n  o c cu r red  v ia  oxygen

r a d i c a l  scav en g in g .

P e r s i s t e n c e  o f  more th a n  t w o - t h i r d s  o f  th e  i n h i b i t o r y  e f f e c t  o f  

n o r m a l  se ru m  f o l l o w i n g  i t s  d i a l y s i s  (*1.3.3) i n d i c a t e d  t h a t  a  h ig h  

m o l e c u l a r  w e ig h t  c o m p o n en t  was r e s p o n s i b l e  f o r  t h e  m a j o r i t y  o f  i t s  

i n h i b i t i o n  o f  l u m i n o l  d e p e n d e n t  c h e m i l u m i n e s c e n c e .  The lo w  

e x t r a c e l l u l a r  c o n c e n t r a t i o n s  o f  s u p e r o x i d e  d i s m u t a s e  and  c a t a l a s e  

(Table 5, 1.2.3) had a l r e a d y  been shown to  be i n s u f f i c i e n t  t o  i n h i b i t  

PMN lu m in o l  dependen t chem ilum inescence  ( c f  F ig  21, 2.11.3 and F ig  M3,

3.3. )• Of o th e r  m o lecu le s  found in  th e  e x t r a c e l l u l a r  space  known to

be c a p a b le  o f  s c a v e n g i n g  oxygen  r a d i c a l s  ( F ig  8 , 1 .2 .3 ) ,  a s c o r b i c

a c i d ,  p u r i n e s  and c a t e c h o l a m i n e s  w ere  e x c lu d e d  by s i z e ,  and  o n ly  

t r a n s f e r r i n ,  c a e r u l o p l a s m i n  and p o s s i b l y  am in o  a c i d  r e s i d u e s  o r  

t r a n s p o r te d  s u b s ta n c e s  on o th e r  h igh  m o le c u la r  w e ig h t  p r o t e i n s ,  such
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a s  a lbum in , rem ained  a s  c a n d id a te s .

Bovine serum a lbum in  had, in  f a c t ,  a l r e a d y  been i d e n t i f i e d  a s  an 

i n h i b i t o r  o f  PMN lu m in o l  chem ilum inescence  when th e  optimum c o n d i t io n s  

f o r  a ssay  were d e f in e d  (2.12. ). A lthough a lbum in  (m o le c u la r  w e ig h t  

66,000) was known a s  th e  m ajor e x t r a c e l l u l a r  p r o t e i n ,  b e in g  found in

( 2 0 g / l ,  300^iM) no  f u n c t i o n s  f o r  i t ,  o t h e r  t h a n  t r a n s p o r t  o r  

m a i n t a i n a n c e  o f  o s m o t i c  p r e s s u r e  had  y e t  b e e n  i d e n t i f i e d  ( P e t e r s  

1975). The c o n c e n t r a t i o n  o f  a l b u m in  i n  s y n o i v a l  f l u i d  w as know n t o  

r i s e  i n  i n f l a m m a t o r y  a r t h r o p a t h i e s  s u c h  a s  r h e u m a t o i d  a r t h r i t i s  

( W i lk in s o n  and J o n e s  1964),  and  t h e  e x c i t i n g  p o s s i b i l i t y  t h a t  t h i s  

m o l e c u le  m ig h t  a c t  a s  an  i m p o r t a n t  s c a v e n g e r  o f  o xygen  r a d i c a l s  i n  

v ivo  demanded f u r t h e r  i n v e s t i g a t i o n .

In  th e  e x p e r im en ts  d e s c r ib e d  in  t h i s  c h a p te r  th e  e f f e c t  o f  human 

serum a lbum in  on r e s t i n g  and s t i m u l a t e d  norm al PMN lu m in o l  dependen t 

chem ilum inescence  was i n v e s t i g a t e d .  B efo re  a s c r i b i n g  any i n h i b i t o r y  

e f f e c t  o f  a l b u m in  ( o r  in d e e d  o f  w h o le  s e ru m )  t o  oxygen  r a d i c a l  

scaveng ing  i t  was e s s e n t i a l  t o  e s t a b l i s h  t h a t  th e  i n h i b i t i o n  d id  n o t  

a r i s e  from im p a ired  c e l l  v i a b i l i t y ,  im p a ire d  c e l l - s t i m u l u s  i n t e r a c t i o n  

o r  im p a ire d  g e n e ra t io n  o f  lu m in o l  chem ilu m in escen ce  p e r  se .

5 .2  Methods

5 .2 .1  G eneral

Albumin, s o u rc e ,  s to r a g e  and p u r i t y

U nless  o th e rw is e  s t a t e d  a l l  a lbum in  used in  e x p e r im e n ts  r e p o r t e d  

in  t h i s  c h a p te r  was co m m erc ia l ly  p re p a re d  and p u r i f i e d  poo led  human 

se ru m  a lb u m in  ( B o e h r in g e r ) .  S to c k  s o l u t i o n s  w e re  p r e p a r e d  by 

d i s s o l v i n g  t h e  a lb u m in  in  K reb s  medium a t  a c o n c e n t r a t i o n  o f  10% 

(w /v), r e a d j u s t i n g  pH to  7.4. The s to c k  s o l u t i o n s  were s to r e d  in  1ml

h ig h  c o n c e n t r a t io n  in  norm al serum (4 0 g / l s y n o v ia l  f l u i d
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a l i q u o t s  a t  -2 0 °C  and  warmed and  d i l u t e d  f u r t h e r  i n  K re b s  medium 

pH 7.4 a s  i n d i c a t e d  on t h e  day o f  e x p e r i m e n t .  T h i s  f u r t h e r  d i l u t i o n  

d id  n o t  r e s u l t  in  any pH change.

P o ly a c r i la m id e  g e l  e l e c t r o p h o r e s i s  co n firm ed  t h a t  t h e r e  w ere no 

h ig h  m o le c u la r  w e ig h t  c o n ta m in a n ts  in  th e  a lbum in  p r e p a r a t io n .

D ia l y s i s  o f  album in

When in d i c a t e d  a lbum in  was d ia ly s e d  by su sp e n s io n  o f  10-20ml 20$ 

(w/v) human serum album in  in  Krebs medium in  d i a l y s i s  t u b i n g , i n  300- 

400ml Krebs medium in  a  one l i t r e  volume f l a s k  o r  beak e r  s t i r r e d  by a 

m agnetic  s t i r r e r  and m a in ta in e d  a t  4°C f o r  12-18 h ou rs .  The d i a l y s a t e  

was th e n  s u b s t i t u t e d  by an e q u a l  volume o f  Krebs medium pH 7.4 on two 

o c c a s io n s .  D ia l y s i s  was te rm in a te d  a f t e r  a  t o t a l  o f  48 h o u rs .  D uring 

t h i s  p e r i o d  t h e  vo lum e o f  f l u i d  i n  t h e  d i a l y s i s  bag  i n c r e a s e d  b u t  

k n o w le d g e  o f  t h e  o r i g i n a l  w e i g h t  o f  a l b u m in  i n  t h e  b ag  a l l o w e d  

r e a d j u s t m e n t  w i t h  a d d i t i o n a l  K r e b s  me d i u m pH 7.4 t o  a  f i n a l  

c o n c e n t r a t io n  o f  10$ (w /v). The d ia ly s e d  a lbum in  was th e n  s t o r e d  in  

1ml a l i q u o t s  a t  -20°C.

Measurement o f  f r e e  io n i s e d  ca lc ium  c o n c e n t r a t i o n

F r e e  i o n i s e d  c a l c i u m  c o n c e n t r a t i o n s  w ere  m e a s u re d  u s i n g  a 

c o m m e r c i a l l y  a v a i l a b l e  C a ^ + s e l e c t i v e  e l e c t r o d e  ( R a d i o m e t e r ,  

C openhagen) a t t a c h e d  t o  a  v o l t m e t e r .  The e l e c t r o d e  was c a l i b r a t e d  

u s i n g  K reb s  medium pH 7.4 i n  w h ic h  t h e  c a l c i u m  c o n c e n t r a t i o n  w as 

a d ju s t e d  betw een 0.129mM and 4.22mM (Fig . 60).

5 .2 .2  Measurement o f  O2 *” f***r i cykochrome c r e d u c t io n

The su p e ro x id e  d ism u ta se  i n h i b i t a b l e  r e d u c t io n  o f  f e r r ic y to c h r o m e  

c e x p o s e d  t o  p h a g o c y t o s i n g  PMN h a s  b een  u s e d  a s  a m e a s u r e  o f  

su p e ro x id e  an io n  p ro d u c t io n  by th e s e  c e l l s  (B ab ior  e t  a l  1973> Root
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F ig u re  60 C a l i b r a t i o n  o f  e l e c t r o d e  f o r  s e l e c t i v e  measurement 
o f  f r e e  io n i s e d  ca lc ium

The Ca^+s e l e c t i v e  e l e c t r o d e ,  which was a t t a c h e d  
to  a v o l tm e te r ,  was c a l i b r a t e d  by immersion 
in^K rebs medium pH 7-^ in  which th e  known 
Ca c o n c e n t r a t i o n  had been a d ju s t e d  between 
0.129mM and 4.22mM. The p o in t s  r e p r e s e n t  
th e  m i l l i v o l t a g e  r e a d in g  f o r  each Ca c o n c e n t r a t i o n .  
S in g le  o b s e r v a t io n s .  Room te m p e ra tu re .



and  M e t c a l f  ., 1977). U s in g  an  a d a p t a t i o n  o f  t h e  m e thod  o f  

B ab io r  e t  a l ,  PMN were p re in c u b a te d  in  Krebs medium pH 7.4 a t  37°C in  

an  E p p e n d o r f  tu b e  f o r  10 m in  p r i o r  t o  t h e  s i m u l t a n e o u s  a d d i t i o n  o f  

f e r r i c y t o c h o m e  c and  o p s o n i s e d  zym osan  s t i m u l u s  a l s o  a t  37°C. The 

c e l l  s t i m u l u s  s u s p e n s i o n  w as t h e n  m a i n t a i n e d  a t  37°C i n  a  s h a k i n g  

w a t e r  b a t h  f o r  20 m i n u t e s  a f t e r  w h ic h  r e a c t i o n  was t e r m i n a t e d  by 

c e n t r i f u g a t i o n  a t  10,000g in  an Eppendorf c e n t r i f u g e  f o r  50 seconds. 

The s u p e rn a ta n t  was th e n  p la c e d  in  a  p l a s t i c  s p e c t ro p h o to m e te r  c u v e t t e  

and  t h e  a b s o r p t i o n  o f  l i g h t  a t  550nm was m e a s u re d  a g a i n s t  t h a t  o f  a 

m a tc h e d  c u v e t t e  c o n t a i n i n g  K re b s  medium o n ly  i n  a Beckman d u a l  

w aveleng th  s p e c tro p h o to m e te r .  In  c o n t r o l  e x p e r im e n ts  cytochome c was 

in c u b a te d  a t  37°C w i th  Krebs medium o n ly ,  and u n s t im u la te d  c e l l s .  The 

e f f e c t  o f  a lbum in  on th e  r e d u c t io n  o f  f e r r ic y to c h o m e  c in  th e  p re s e n c e  

and absence o f  PMN was examined a s  d e t a i l e d  in  5.3.5.

In  o rd e r  to  co n f irm  t h a t  m easurem ent o f  th e  a b s o r p t io n  o f  l i g h t  

by f e r r ic y to c h ro m e  c a t  550nm p ro v id ed  th e  most s e n s i t i v e  m easure o f  

f e r r ic y to c h ro m e  c r e d u c t io n  (o r  c o n v e rs io n  to  fe r ro c y to c h ro m e  c ) ,  and 

t o  d e te rm in e  what p e rc e n ta g e  o f  f e r r ic y to c h ro m e  c was a l r e d y  reduced ,  

p r i o r  to  i t s  exposure  to  su p e ro x id e  a n io n ,  th e  e f f e c t  o f  th e  p o w e r fu l  

red u c in g  a g e n t  sodium d i t h i o n i t e  on th e  s p e c t r a l  scan  o f  cy tochrom e c 

was e x am in ed  b e tw e e n  565 and  440nm ( F ig .  61) i n  t h e  d u a l  w a v e l e n g t h  

sp e c tro p h o to m e te r .

A f te r  a  s m a l l  s h o u ld e r  a t  550nm a b s o r p t io n  ro s e  to  a  l a r g e r  peak 

a t  517nm and th e n  f e l l  t o  a t r o u g h  a t  490nm b e f o r e  b e g i n n i n g  t h e  

a s c e n t  t o  a  maximum a t  4 l6nm  ( d a t a  n o t  show n) ( F ig .  61 ( a ) ) .  Upon 

a d d i t i o n  o f  s u f f i c i e n t  (2 -3m g) so d iu m  d i t h i o n i t e  t o  c a u s e  f u l l  

r e d u c t i o n  o f  100pM(1ml) f e r r i c y t o c h r o m e  c ,  a c h a n g e  i n  a b s o r p t i o n  

o ccu rred  r e s u l t i n g  in  e lo n g a t io n  o f  th e  a b s o r p t io n  peak a t  550nm and 

a n  inc rease  i n  t h e  a b s o r p t i o n  a t  517nm ( F ig .  6 1 (b ) ) ,  w h ic h  c o n f i r m e d
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I Absorption spectra of cytochrome c

The graphs show the absorption of light by lOOpM cytochrome 
c measured in a scanning spectrophotometer between 565 
and 4M0nm, before (first trace) and after (second trace) 
its complete reduction by sodium dithionite (2-3mg/ml). 
Krebs medium, pH 7.^, room temperature. It was thus 
established that absorption of light at 550nm could be 
used to indicate the presence of reduced cytochrome c.



t h e  f i n d i n g s  o f  M a r g o l i a s h  and  F r o h w i r t  (1959) an d  B a b io r  e t  a l  

(1 9 7 3 ) .  The e x t i n c t i o n  c o e f f i c i e n t  (AEmM) f o r  f e r r o c y t o c h r o m e  c 

m in u s  f e r r i c y t o c h r o m e  c a t  550nm was t a k e n  a s  15.5 ( B a b io r  e t  a l ,  

1973).

I n  F ig  61 (a)  and  (b) t h e  a b s o r p t i o n  a t  550nm w e re  0 .653  and

1.750 r e s p e c t i v e l y .  The c o n c e n t r a t i o n  o f  c y to c h r o m e  c r e d u c e d  by

a d d i t i o n  o f  sodium d i t h i o n i t e  was th u s

ĵM fe rrocy toch rom e c = 1.750 -  0 .653  x 100( |̂uM
15.5 

= 70.8  jM

The o r i g i n a l  10(JuM fe r r ic y to c h ro m e  c p r e p a r a t i o n  was th u s  a l r e a d y  30% 

red u ced .

5 .2 .3  A c e l lu la r  lum inol chem ilum inescence

Luminol chem ilum inescence  was g e n e ra te d  in  th e  absence  o f  PMN in  

th e  fo l lo w in g  system s

(a)  X a n th in e /x a n th in e  o x id a se / lu m in o l

(b) M ic roperox idase /hyd rogen  p e ro x id e / lu m in o l

(a ) X a n th in e /x a n th in e  o x id a se / lu m in o l

The method was adap ted  from t h a t  o f  Hodgson and F r id o v ic h  1973. 

X anthine o x id a se  (4 u n i t s / m l )  p rep a red  from m ilk  was s u p p l ie d  by Sigma 

(G rade  IV) i n  s u s p e n s i o n  in  2.3M (NH^^SO^ s o l u t i o n  c o n t a i n i n g  0.02% 

sodium s a l i c y l a t e .  Before  use / 300yul o f  th e  su sp e n s io n  was c e n t r i f u g e d  

a t  10 ,000j in  an Eppendorf c e n t r i f u g e  f o r  1 min. The s u p e r n a ta n t  

was rem oved  and t h e  p e l l e t  was d i s s o l v e d  i n  12,000yul K reb s  medium 

pH 7.4 c o n t a i n i n g  4mM EDTA t o  g i v e  x a n t h i n e  o x i d a s e  1 u n i t / m l .  

X a n th in e  (2 .6  d i h y d r o x y p u r i n e )  was d i s s o l v e d  i n  2mM NaOH a t  a 

c o n c e n t r a t i o n  o f  33mM and  d i l u t e d  i n  K reb s  medium pH 7.4 c o n t a i n i n g  

4mM EDTA to  a f i n a l  c o n c e n t r a t io n  o f  1mM x a n th in e .  EDTA p re v e n te d  th e
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f o r m a t i o n  o f  a p r e c i p i t a t e  w h ic h  w as o t h e r w i s e  o b s e r v e d  i n  t h e  

p re se n c e  o f  d iv a l e n t  c a t io n s .

An LPg tu b e  c o n ta in in g  0.2mM x a n th in e  and 2 0 j iH  lu m in o l  in  50(}jul 

K reb s  medium pH 8.0 w as p l a c e d  i n  t h e  l u m in o m e te r  c e l l  h o u s in g  and  

r o t a t e d  in  f r o n t  o f  t h e  p h o t o m u l t i p l i e r  t u b e  w h e re  b a c k g ro u n d  

c h e m i lu m in e s c e n c e  was r e c o r d e d .  R e a c t i o n  was i n i t i a t e d  by t h e  

a d d i t i o n  o f  500pl Krebs medium pH 7.4 c o n ta in in g  0.03 -  0.12 u n i t s / m l  

x a n th in e  o x id a se ,  4mM EDTA v ia  a s y r in g e  th rough  th e  a p e r t u r e  i n  th e  

s a m p le  h o u s in g  r o o f .  The pH o f  t h e  f i n a l  r e a c t i o n  m i x t u r e  w as 7*9. 

S e r i a l  chem ilum inescence  c o u n ts  p e r  10s were reco rd ed .

(b) M icroperox idase /hyd rogen  p e ro x id e / lu m in o l

A s t o c k  s o l u t i o n  o f  m i c r o p e r o x i d a s e s  ( so d iu m  s a l t  f ro m  h o r s e  

equ ine  cytochrome c) 0.4rag/ml in  T r i s  HC1 b u f f e r  pH 7.4 was m a in ta in e d  

a t  +4°C fo r  up to  s i x  weeks, and was d i l u t e d  in  Krebs medium pH 7.4 to  

a  c o n c e n t r a t i o n  o f  10 jig /m l on t h e  day o f  e x p e r i m e n t .  H y d ro g en  

p e r o x i d e  (H^O^) (30 v o lu m e s )  was d i l u t e d  0.2% ( v /v )  an d  0.002% ( v / v )  

i n  K rebs  medium pH 7.4 t o  f i n a l  c o n c e n t r a t i o n s  o f  35mM an d  35^iM 

r e s p e c t i v e l y .  Luminol was d i s s o lv e d  in  DMS0 a t  a  s to c k  c o n c e n t r a t i o n  

o f  10mM and  w as t h e r e a f t e r  d i l u t e d  i n  K reb s  m edium  pH 7.4  t o  

c o n c e n t r t i o n s  in  th e  range  200pM-2yjM.

The background chem ilum inescence  o f  0 .5^g/m l m ic ro p e ro x id a se  and 

lu m in o l  in  5 0 0 j i l  Krebs medium a t  room te m p e ra tu re  was m easured in  th e  

c e l l  h o u s in g  o f  l u m in o m e te r  'A ' o r  'B ' (2 .8 .1 )  b e f o r e  i n i t i a t i o n  o f  

th e  r e a c t i o n  by i n j e c t i o n  o f  hydrogen p e ro x id e  in  500ul Krebs medium.
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5.3 Results

5 .3 .1  I n h i b i t i o n  o f  PMN lu m ino l dependen t chem ilum inescence by human 

serum albumin

The m ain  o b j e c t i v e s  o f  t h e  e x p e r i m e n t s  c a r r i e d  o u t  i n  t h i s  s e c t i o n  

w e re :-

(a )  to  d e te rm in e  w hether  human serum a lbum in  would e x e r t  an 

i n h i b i t o r y  e f f e c t  on norm al PMN chem ilum inescence .
and

(b) t o  d e t e r m i n e  w h e th e r  t h e  d e g r e e  o f  any  i n h i b i t i o n  

o b s e r v e d  w ou ld  v a r y  a c c o r d i n g  t o  t h e  c e l l  s t i m u l u s  

em p lo y e d  and  t h e r e b y  i n d i c a t e  t h a t  t h e  i n h i b i t i o n  

m igh t,  a t  l e a s t  in  p a r t ,  r e s u l t  from im p a irm en t o f  c e l l  

s t im u lu s  i n t e r a c t i o n  by a lbum in .

E xperim ents  in  p re v io u s  c h a p te r s  had shown t h a t  bovine serum a lbum in  

i n h i b i t e d  l a t e x  p a r t i c l e  s t i m u l a t e d  PMN lu m in o l  ch em ilu m in escen ce ,  

(2.12), and t h a t  th e  i n h i b i t o r y  e f f e c t  o f  no rm al human serum on l a t e x  

p a r t i c l e  s t i m u l a t e d  PMN c h e m i l u m i n e s c e n c e  was g r e a t e r  t h a n  on t h e  

c h e m i lu m in e s c e n c e  w h ic h  r e s u l t e d  f rom  s t i m u l a t i o n  o f  t h e  c e l l s  by 

ch em o tac tic  p e p t id e  o r  o p so n ised  zymosan ( 3 . 3 ) .

E f f e c t  o f  human serum album in on PMN background chem ilum inescence

When human se ru m  a lb u m in  i n  t h e  r a n g e  0 .02 -  8% (w /v )  w as 

in c u b a te d  a t  37°C f o r  5 min. w i th  PMN and lu m in o l  p r i o r  to  m easurem ent 

o f  background ( r e s t i n g )  PMN lu m in o l  ch em ilu m in escen ce  a dose r e l a t e d  

i n h i b i t i o n  o f  chem ilum inescence  o c c u r r e d  s u c h  t h a t  4% (w /v )  a l b u m in  

c a u s e d  a 75 + 2.5/6 (mean + SEM, n = 6) i n h i b i t i o n  when co m p a re d  w i t h  

PMN r e s t i n g  chem ilum inescence  in  th e  absence  o f  a lbum in  (F ig  62).

E f f e c t  o f  albumin on o p so n ised  zymosan and c h e m o ta c t ic  p e p t id e  

s t im u la te d  PMN chem ilum inescence
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unstimulated PMN

5Normal peripheral blood PMN (5x10 /ml) were incubated 
for 5 min at 37 C with 0-8% (w/v) human serum albumin 
before determination of background (unstimulated) PMN 
chemiluminescence. Results are expressed as the percentage 
by which albumin inhibited unstimulated PMN cheimiluminescence 
(mean + SEM, n=9). Krebs medium, pH 7.4, 37°C, 20pM 
luminol.
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S i m i l a r l y  when n o r m a l  b lo o d  PMN w e re  s t i m u l a t e d  by o p s o n i s e d  

zymosan o r  c h e m o ta c t ic  p e p t id e  i n  th e  p re se n c e  o f  0.5 -  4̂ 6 (w/v) human 

se ru m  a lb u m in  t h e  p eak  h e i g h t  o f  PMN chem ilu m in escen ce  was reduced  

( F i g  63 )  s u c h  t h a t  i n  t h e  p r e s e n c e  o f  456 ( w / v )  a l b u m i n  PMN 

c h e m i lu m in e s c e n c e  was o n ly  1 4 + 1 / 6  and  10 + 156 (mean + S.E.M., n = 3) 

r e s p e c t i v e l y  o f  chem ilum inescence  in  th e  absence  o f  a lbum in .

E f f e c t  o f  albumin on l a t e x  p a r t i c l e  s t im u la t e d  PMN chem ilum inescence

An even l a r g e r  i n h i b i t i o n  o f  peak h e ig h t  PMN ch em ilu m in escen ce  

o c c u r re d  when PMN w ere s t im u la t e d  by l a t e x  p a r t i c l e s  i n  th e  p re s e n c e  

o f  0.01 -  4% (w/v) human serum a lb u m in ,  0.05/6 (w/v) a lbum in  c a u s in g  a 

74 + 8/6 (mean + S.E.M., n = 3) i n h i b i t i o n  and  4% (w /v )  a l b u m in  c a u s i n g  

a 99.5 + 0.1/6 (mean + S.E.M., n = 3) i n h i b i t i o n  o f  p e a k  h e i g h t  PMN 

chem ilum inescence .

The g r e a t e r  i n h i b i t i o n  by a l b u m in  o f  l a t e x  p a r t i c l e  s t i m u l a t e d  

PMN chem ilum inescence  when compared w i th  i t s  i n h i b i t i o n  o f  background 

PMN c h e m i lu m in e s c n e c e  o r  o f  o p s o n i s e d  z y m o s a n / c h e m o t a c t i c  p e p t i d e  

s t im u la t e d  PMN chem ilum inescence  s u g g es ted  t h a t  a lb u m in ,  v i a  p r o t e i n  

c o a t in g  o f  th e  p a r t i c l e s ,  d e c re a se d  th e  c a p a c i ty  o f  l a t e x  p a r t i c l e s  to  

s t i m u l a t e  PMN chem ilum inescence .

The e f f e c t  o f  p r o t e i n  c o a t in g  on th e  c a p a c i ty  o f  l a t e x  p a r t i c l e s  

t o  s t i m u l a t e  PMN l u m i n o l  d e p e n d e n t  c h e m i l u m i n e s c e n c e  w as f u r t h e r  

in v e s t i g a t e d  w ith  th e  a id  o f  o p so n ised  l a t e x  p a r t i c l e s  and 1gG c o a te d  

l a t e x  p a r t i c l e s ,  w h ic h  v i a  s t i m u l a t i o n  o f  C3b and  Fc PMN m em brane  

r e c e p t o r s  r e s p e c t i v e l y  w ou ld  h a v e  b e e n  e x p e c t e d  t o  e n h a n c e  PMN 

chem ilum inesccence ; ( c f  e f f e c t  o f  o p s o n i s a t io n  on zymosan s t i m u l a t e d  

PMN chem ilum inescence 3 . 3 . 2 ) .

L atex  p a r t i c l e s  (4x10?/m l) w hich w ere o pson ised  by i n c u b a t io n  in  

n o r m a l  human se ru m  a t  37°C f o r  30 rain a c h i e v e d  o n ly  4.5% o f  t h e  PMN
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Figure 63 Effect of albumin on peak height PMN luminol 
■ chemiluminescence

5Normal peripheral blood PMN (5x10 /ml) were stimulated 
by 1mg/ml opsonised gymosan (•) , 0.25^uM chemotactic 
peptide (A) , or 2x10 /ml latex particles (A) in 
the presence of 0.01 - k% (w/v) human serum albumin. 
Krebs medium pH 1 A  , 37°C, 10pM luminol. The points 
show the peak height (maximum) chemiluminescence 
observed expressed as a percentage of control value 
obtained in the absence of albumin (means + SEM, 
n= 3 ) .



c h e r a i l u m in e s c n e c e  s t i m u l a t e d  by an  e q u i v a l e n t  c o n c e n t r a t i o n  o f  

o rd in a ry  l a t e x  p a r t i c l e s  (Table  24). C om m ercia lly  p re p a re d  1gG co a te d  

l a t e x  p a r t i c l e s  c a u s e d  an  e v e n  s m a l l e r  c h e m i l u m i n e s c e n c e .  The 1gG 

c o a ted  l a t e x  p a r t i c l e  s u sp e n s io n  c o n ta in e d  sodium a z id e ,  known to  be 

an i n h i b i t o r  o f  PMN chem ilum inescence  (Hatch e t  a l ,  1978), b u t  when an 

e q u iv a le n t  c o n c e n t r a t io n  was in c lu d e d  d u r in g  th e  s t i m u l a t i o n  o f  PMN by 

o r d i n a r y  l a t e x  p a r t i c l e s  t h e  c h em ilu m in escen c e  ach iev ed  was g r e a t e r  

t h a n  tw e n t y  f o l d  l a r g e r  t h a n  t h a t  o f  t h e  1gG c o a t e d  p a r t i c l e s .  0.1% 

(w /v )  a lb u m in  c a u s e d  a 92% i n h i b i t i o n  o f  t h e  c h e m i l u m i n e s c e n c e  

provoked by o rd in a ry  l a t e x  p a r t i c l e s  a t  t h i s  lo w er  c o n c e n t r a t i o n .

These r e s u l t s  co n firm ed  t h a t  th e  p re s e n c e  o f  low c o n c e n t r a t i o n s  

o f  p r o t e i n  in  e a c h  c a s e  e f f f e c t e d  m a jo r  i n h i b i t i o n  o f  t h e  l a t e x  

p a r t i c l e  s t i m u l a t e d  PMN l u m i n o l  d e p e n d e n t  c h e m i l u m i n e s c e n c e  and  

su p p o r ted  th e  h y p o th e s is  t h a t  th e  g r e a t e r  i n h i b i t o r y  e f f e c t  o f  a lbum in  

when c e l l s  w e re  a c t i v a t e d  by t h i s  s t i m u l u s  w as a t t r i b u t a b l e  t o  an  

in f lu e n c e  on c e l l  s t im u lu s  i n t e r a c t i o n .  For th e  e x p e r im e n ts  d e s c r ib e d  

in  th e  rem a in d e r  o f  t h i s  c h a p te r  on ly  o p so n ised  zymosan o r  c h e m o ta c t ic  

p e p t id e  s t i m u l i  were u sed .

5 .3 .2  Lack o f  e f f e c t  o f  human serum a lbum in  on c e l l  v i a b i l i t y  and 

l i g h t  t r a n s m is s io n

B e f o r e  a t t r i b u t i n g  t h e  i n h i b i t o r y  e f f e c t  o f  a l b u m in  on t h e  

l u m i n o l  d e p e n d e n t  c h e m i lu m in e s c e n c e  o f  PMN, w h ic h  w e re  r e s t i n g  o r  

s t i m u l a t e d  by o p s o n i s e d  zym osan  o r  c h e m o t a c t i c  p e p t i d e ,  t o  o x y g en  

r a d i c a l  scaveng ing ,  a number o f  o th e r  p o s s i b l e  cau ses  f o r  th e  inHibiTion 

r e q u i r e d  e x c l u s i o n  (5 .1 ) .  I n  t h i s  s e c t i o n  t h e  e f f e c t  o f  human s e ru m  

album in  on PMN v i a b i l i t y  and l i g h t  t r a n s m is s i o n  were exam ined.

PMN V i a b i l i t y

A ssa y s  o f  PMN l a c t a t e  d e h y d r o g e n a s e  r e l e a s e  and  o f  ATP c o n t e n t
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(2 .6  and  2 .7) w ere  u s e d  t o  d e t e r m i n e  w h e th e r  t h e  i n h i b i t i o n  o f  PMN 

r e s t i n g  and s t i m u l a t e d  c h e m i l u m i n e s c e n c e  by a lbum in  o c c u r re d  v i a  a 

d e c re a se  in  c e l l  v i a b i l i t y  (Table  25).

L a c ta te  dehydrogenase r e l e a s e

The p r e s e n c e  o f  4% (w /v )  a l b u m in  d u r i n g  PMN s t i m u l a t i o n  by 

opson ised  zymosan d id  n o t  i n c r e a s e  th e  r a t e  o f  l a c t a t e  dehydrogenese  

r e l e a s e  by PMN, i n s t e a d  a  d e c r e a s e  o c c u r r e d  (T a b le  25) i n d i c a t i n g  

an enhancement o f  c e l l  v i a b i l i t y  (p < 0 .05) ( c f .  2 .9 .2 ) .

ATP c o n te n t

A lbum in  had no e f f e c t  on t h e  ATP c o n t e n t  o f  PMN w h ic h  h ad  n o t  

b e e n  s t i m u l a t e d  (T a b le  25 ) .  The ATP c o n t e n t  o f  PMN w h ic h  had  b e e n  

s t im u la t e d  in  th e  absence o f  a lbum in  was 50% o f  t h a t  o f  u n s t im u la t e d  

c e l l s .  S t i m u l a t i o n  o f  PMN in  t h e  p r e s e n c e  o f  4% (w /v )  a l b u m in  

r e s u l t e d  i n  o n ly  a 42% d ro p  i n  t h e  ATP c o n t e n t  when c o m p a re d  w i t h  

u n s t i m u l a t e d  c e l l s .  I n  t h e  p r e s e n c e  o f  a lb u m in  c e l l  v i a b i l i t y  was 

th u s  n o t  im p a ired .

L ig h t  t r a n s m is s io n

The s p e c t r u m  o f  l u m i n o l  c h e m i l u m i n e s c e n c e  i n  a q u e o u s  medium 

o ccu rs  over th e  range  350-525nm w i th  a maximum a t  425 nm (R osw ell  and 

W hite , 1978). The a b s o r p t io n  o f  l i g h t  by 4% (w/v) human serum a lb u m in  

in  t h i s  range  measured p h o to m e t r i c a l l y  was found to  be o n ly  11.5% o f  

th e  t o t a l  e m i t t e d  by lu m in o l  (F ig  64). The g r e a t e r  th a n  80% i n h i b i t o r  

o f  PMN r e s t i n g  and  s t i m u l a t e d  c h e m i lu m in e s c e n c e  i n  t h e  p r e s e n c e  o f  

a lbum in  was th u s  n o t  e x p la in e d  by a  r e d u c t io n  in  l i g h t  t r a n s m i s s i o n  by 

a lbum in .

5 .3 .3  Lack o f  e f f e c t  o f  album in on th e  lum ino l e x c i t e d  s t a t e

The p o s s i b i l i t y  e x i s t e d  t h a t  a l b u m in  m ig h t  r e d u c e  l u m i n o l
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F ig u re  64 Comparison o f  l i g h t  a b s o r p t io n  by album in and 
l i g h t  em iss ion  by lum ino l

The abso rbance  o f  l i g h t  by 4% (w/v) human serum 
albumin between 350 and 525nm was d e r iv e d  from 
o b s e rv a t io n  o f  i t s  e f f e c t  on th e  t r a n s m is s io n  
o f  l i g h t  th rough  Krebs medium pH 7 .4 ,  u s in g  a 
d u a l  w avelength  s p e c tro p h o to m e te r .  The % em iss io n  
o f  l i g h t  by lum ino l in  t h i s  range was p r e v io u s ly  
e s t a b l i s h e d  (R osw ell and White 1978). When th e  
a r e a  under th e  d o t t e d  l i n e  (abso rbance  by album in) 
was drawn on t i s s u e  p ap e r  and weigh ed i t  was 
found to  be on ly  11.5% o f  t h a t  under th e  unbroken 
l i n e  (em iss io n  by lu m in o l ) .



chem ilum inescence  e i t h e r  by quenching  th e  e x c i t e d  s t a t e  o r  by d i r e c t  

b in d in g  o f  lu m in o l.  I f  t h i s  were th e  c a se  a lbum in  would be ex p ec ted  

to  i n h i b i t  lu m in o l ch em ilum inescence  under  a l l  c o n d i t io n s .  The e f f e c t  

o f  human serum a lbum in  on lu m in o l  chem ilum inescence  was th u s  f u r t h e r  

i n v e s t i g a t e d  u s in g  two a c e l l u l a r  sy s tem s  o f  oxygen r a d i c a l  g e n e r a t io n  

and  by d e t a i l e d  e x a m i n a t i o n  o f  t h e  e f f e c t  o f  a l b u m in  on t h e  t i m e  

co u rse  o f  PMN chem ilum inescence .

E f f e c t  o f  albumin on a c e l l u l a r  chem ilum inescence

C h e m i lu m in e s c e n c e  was p r o d u c e d  by t h e  g e n e r a t i o n  o f  ox y g en  

r a d i c a l s  in  th e  p re sen ce  o f  lu m in o l  u s in g  two a c e l l u l a r  sy s tem s  nam ely 

hydrogen p e ro x id e /m ic ro p e ro x id a s e  and x a n th in e /x a n th in e  o x id a se .

Hydrogen p e ro x id e /m ic ro p e ro x id a se

A dd it ion  o f  35mM to  50pg/m l m ic ro p e ro x id a se  in  th e  p re s e n c e

o f  200pM lum ino l in  Krebs medium pH 7.4 a t  room te m p e ra tu r e  r e s u l t e d  

in  a  r a p id  in c r e a s e  in  ch em ilum inescence  c o u n t s / s  r e a c h in g  a maximum 

10 seconds a f t e r  a d d i t io n ,  and f a l l i n g  to  th e  background r a t e  w i t h i n  30 

s e c o n d s  ( F i g  6 5 ( a ) ) .  Human s e r u m  a l b u m i n  i n h i b i t e d  t h i s  

c h e m i lu m in e s c e n c e  i n  a d o s e  r e l a t e d  m a n n e r ,  0.1% (w /v )  human s e ru m  

a l b u m in  c a u s i n g  a34*6+5 % (m ean + S.E.M., n = 3) i n h i b i t i o n  o f  p e a k  

h e ig h t  chem ilum inescence . When th e  c o n c e n t r a t i o n  o f  hydrogen p e ro x id e  

was d ec re ase d  one thousand  fo ld  and th e  c o n c e n t r a t i o n  o f  lu m in o l  was 

in c re a s e d  te n  thousand  f o ld  (F ig  65T(b)), c h e m i l u m i n e s c e n c e  r e s u l t a n t  

upon t h e  a d d i t i o n  o f  h y d ro g e n  p e r o x i d e  r e a c h e d , a  p e a k  20 s e c o n d s  

fo l lo w in g  a d d i t io n  and decayed s lo w ly  o ver  th e  su b seq u en t 3-5  m in u te s .  

In  th e  p resen ce  o f  0.1% (w/v) human serum a lbum in  ch em ilu m in escen c e  

was e n h a n c e d ,  t h e  p eak  h e i g h t  a t  20 s e c o n d s  b e i n g  2 .3  + 0 .16 f o l d  

(mean + S.E.M., n =3) l a r g e r  t h a t  chem ilum inescence  in  th e  ab sen ce  o f  

a l b u m in .  A c o n d i t i o n  i n  w h ic h  a l b u m in  d id  n o t  i n h i b i t  l u m i n o l
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chemiluminescence had thus been identified.

X a n th in e /x a n th in e  ox id ase

The o x i d a t i o n  o f  x a n t h i n e  t o  u r i c  a c i d  c a t a l y s e d  by x a n t h i n e

o x id a se  i s  accompanied by th e  p ro d u c t io n  o f  su p e ro x id e  an io n  (O^- ) and

h y d ro g e n  p e r o x id e  (McCord and F r id o v ic h  1969).

x a n t h i n e  ---------------> u r a t e  + + O^-

x a n th in e
o x id a se

A d d i t i o n  o f  x a n t h i n e  o x i d a s e  t o  x a n t h i n e  i n  t h e  p r e s e n c e  o f  l u m i n o l  

(see  5.2.2) was fo llo w ed  by an i n c r e a s e  in  ch em ilum inescence  c o u n t s / s  

r e a c h i n g  a  maximum a t  10 s e c o n d s  a f t e r  a d d i t i o n  and  d e c a y in g  t o  

background over th e  fo l lo w in g  60 seconds . When r e a c t i o n  was i n i t i a t e d  

in  th e  p re sen ce  o f  p h y s io lo g i c a l  c o n c e n t r a t i o n s  o f  a lbum in  (3»9^(w/v)) 

a 27 .5  + 3 »7%  (mean + S.E.M., n = 3) i n h i b i t i o n  o f  p e a k  h e i g h t  

c h e m i lu m in e s c e n c e  o c c u r r e d  ( F ig .  6 6 ) ,  w h i le  a t  lo w er  c o n c e n t r a t i o n s  

t h e r e  was an  i n c r e a s e ,  0 .5 %  (w /v )  a lb u m in  c a u s i n g  a  23 .2  + 8 .45 (m ean 

+ S.E.M., n = 3) e n h a n c e m e n t  o f  p e a k  h e i g h t  c e h m i l u m i n e s c e n c e .  A 

s e c o n d  c i r c u m s t a n c e  i n  w h ic h  a l b u m in  d id  n o t  i n h i b i t  l u m i n o l  

chem ilum inescence  had th u s  been i d e n t i f i e d .

E f f e c t  o f  albumin on th e  f i r s t  phase  o f  ch e m o ta c t ic  p e p t id e  and 

op so n ised  zymosan s t im u la te d  PMN chem ilum inescence

H av ing  d e m o n s t r a t e d  t h a t  a l b u m in  d id  n o t  i n h i b i t  l u m i n o l  

chem ilum inescence  under a l l  c i rc u m s ta n c e s  u s in g  a c e l l u l a r  sy s te m s  o f  

oxygen r a d i c a l  g e n e ra t io n  i t  was im p o r ta n t  to  r e t u r n  to  PMN lu m in o l  

chem ilum inescence  in  o rd e r  to  co n f irm  t h a t  a lbum in  was n o t  s im p ly  a 

lu m in o l  e x c i te d  s t a t e  quencher.

Enchancement o f  th e  PMN chem ilum inescence  re sp o n se  to  s t i m u l a t i o n
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COUNTS/S
Ll)

S l O C L x l O

20 - 5

% (w /v)  a lbumin

F ig u re  66 E f f e c t  o f  album in on a c e l l u l a r  x a n th in e /x a n th in e  
o x id a se / lu m in o l  chem ilum inescence

The d o t t e d  l i n e  r e p r e s e n t s  th e  maximum v a lu e  
o f  chem ilum inescence (mean, n=3) o b ta in e d  when 
O.lmM x a n th in e  was o x id i s e d  by 0 .0 3  u n i t s / m l  
x a n th in e  o x id a se  in  th e  p re se n c e  o f  10̂ iM lu m in o l.
The p o in t s  show th e  e f f e c t  o f  0-3-9% (w/v) human serum 
albumin on t h i s  chem ilum inescence (mean + SEM, n=2 o r  3 ) .  
Krebs medium pH 7 .9 ,  4mM EDTA. Room te m p e ra tu re .



by c h e m o ta c t ic  p e p t id e  and e x a g g e ra t io n  o f  i t s  b ip h a s i c  n a tu r e  by th e  

p re se n c e  o f  th e  m ic r o f i l i a m e n t  i n h i b i t o r  c y t o c h a la s i n  B was p r e v io u s ly  

d e m o n s t r a t e d  i n  3 .3 .5  ( F ig .  4 1 ) .  When PMN w h ic h  had b een  p r e 

in c u b a te d  w ith  c y to c h a la s in  B and 2% (w/v) a lb u m in  w ere s t i m u l a t e d  by 

c h e m o ta c t ic  p e p t id e  a marked i n h i b i t i o n  o f  th e  second phase  o c c u rre d  

w h i le  th e  f i r s t  phase (maximum 60s) was enhanced (F ig . 67).

C lo se r  a n a l y s i s  o f  th e  e f f e c t  o f  a lbum in  on PMN chem ilu m in escen ce  

i n  t h e  a b s e n c e  o f  c y t o c h a l a s i n  B r e v e a l e d  t h a t  i n  t h e  r a n g e  0 .05  -  

0.5% (w/v) a lbum in ,  an enhancem ent o f  th e  f i r s t  phase o f  c h e m o ta c t ic  

p e p t id e  induced PMN chem ilum inescence  a l s o  o ccu rred  ( c f  3.3.3) (Table

26) and w h ile  h ig h e r  c o n c e n t r a t i o n s  w ere i n h i b i t o r y ,  t h e i r  i n h i b i t o n  

was s m a l le r  th an  th o se  o f  th e  second phase .

E n ch a n cem e n t  o f  t h e  f i r s t  p h a s e  and  i n h i b i t i o n  o f  t h e  s e c o n d  

p h a s e  a l s o  o c c u r r e d  i f  a l b u m in  w as ad d e d  20 o r  50 s e c o n d s  f o l l o w i n g  

t h e  a d d i t i o n  o f  s t i m u l u s  ( F i g .  68 ( a )  a n d  ( b ) ) .  I n  c o n t r o l  

e x p e r im e n ts  an eq u a l  volume o f  Krebs medium w i th o u t  a lbum in  was added 

a t  t h e  same t i m e  p o i n t .  When a l b u m in  w as ad d e d  a t  t h e  p e a k  o f  t h e  

s e c o n d  p h a s e  (1 8 0 s )  ( F ig .  66 ( c ) )  s u b s e q u e n t  c h e m i l u m i n e s c e n c e  w as 

a g a i n  d e c r e a s e d .  The p e r c e n t a g e  i n h i b i t i o n  o f  t h e  s e c o n d  p h a s e  o f  

c h e m o ta c t ic  p e p t id e  s t im u la t e d  PMN lu m in o l  dependen t ch em ilu m in escen ce  

d id  however d e c re a se  a s  th e  t im e  i n t e r v a l  betw een a d d i t i o n  o f  s t im u lu s  

and a d d i t i o n  o f  a lbum in  increased. Thus when a lbum in  (1.7% (w /v)) was 

p r e s e n t  from th e  moment o f  s t i m u l a t i o n  (Os) th e  p e rc e n ta g e  i n h i b i t i o n  

a t  a  f ix e d  t im e  in  th e  second phase  (220s) was 53%. When a lb u m in  was 

added a t  20s, 50s, o r  100s (F ig . 68) th e  p e rc e n ta g e  i n h i b i t i o n  a t  220s 

was 45%, 36% and 26% r e s p e c t i v e l y .

An e n h a n c e m e n t  o f  t h e  e a r l y  p h a s e  o f  o p s o n i s e d  zym osan  in d u c e d  

PMN chem ilum inescence  in  th e  p r e s e n c e  o f  low  c o n c e n t r a t i o n s  (0 .0 5  -  

0.5% (w/v)) o f  a lbum in  was a l s o  found (F ig  69, Tab le  26).
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.2x10 C O U N T S /s

1 0 0 s

(a) (b )  (c )

F ig u re  67 E f f e c t  o f  albumin on th e  lum ino l chem ilum inescence 
o f  PMN s t im u la t e d  by c h em o tac t ic  p e p t id e  in  th e  
p resen ce  o f  c y to c h a la s in  B.

In  each chem ilum inescence t r a c e  1̂ iM ch e m o ta c t ic  p e p t id e  
was added ( a t  arrow ) to  5x10 /ml PMN. The u s u a l  PMN 
chem ilum inescnece re sp o n se  to  t h i s  s t im u lu s  i s  shown 
in  ( a ) .  The re sp o n se  in  th e  p re sen ce  o f  5jig/ml c y t o c h a la s i n  
B i s  shown in  ( b ) , and th e  re sp o n se  in  th e  p re se n c e  
o f  bo th  c y to c h a la s in  B and 2% (w/v) a lbum in i s  shown 
in  ( c ) .  Krebs medium, pH 7 .^ ,  37°C, 10̂ aM lu m in o l .



C 
L 

C
O

U
N

T
S/

S 
c 

L 
C

O
U

N
T

S
/S

0  5 0 1 50 2 5 0

3 * 5 / 10'

(C)
150 2 5 0

0  5 0 150  2 5 0
s e c o n d s

&
l i m e  o f  a d d i t i o n  
o f  a lb u m i n  or

K r e b s  m e d i u m

h u m a n  
. . s e r u m  a l b u m i n

K r e b s  m e d i u m

s e c o n d s

F ig u re  68 E f f e c t  o f  tim e o f  a d d i t i o n  o f  album in on i t s
m o d i f ic a t io n  o f  ch e m o ta c t ic  p e p t id e  s t im u la t e d  PMN 
chem ilum inescence

5
Chemiluminescnece t r a c e s  produced by 5x10 PMN/ml s t im u la t e d  
by 0.1pM ch em o tac t ic  p e p t id e  in  th e  p re se n c e  ( d o t t e d  
l i n e s )  and absence  (unbroken l i n e s )  o f  1.7% (w/v) 
album in . The h a tch ed  a r e a s  i n d i c a t e  th e  tim e o f  a d d i t i o n  
o f  albumin o r  an eq u a l  volume o f  Krebs medium o n ly  
a t  (A) 10s, (B) 50s and (C) 180s fo l lo w in g  a d d i t i o n  
o f  s t im u lu s .  Krebs medium, pH 7 .^ ,  37°C, 10pM lu m in o l .



F ig u re

x i o

o 1 0 0  2 0 0  3 0 0  4 0 0  5 0 0
s e c o n d s

E f f e c t  o f  album in on th e  e a r l y  and l a t e  phases  o f  
o pson ised  zymosan s t im u la t e d  PMN chem ilum inescence

5
Chemiluminescence t r a c e s  which r e s u l t e d  when 5x10 PMN/ml 
were p re in c u b a te d  f o r  5 m inu tes  a t  37 C in  th e  absence  
(a)  o r  p re sen ce  (b) o f  1% (w/v) a lbum in , b e fo re  th e  
a d d i t i o n  ( a t  arrow ) o f  1mg/ml opson ised  zymosan.
The f i n a l  c o n c e n t r a t i o n  o f  album in in  (b) was t h e r e f o r e  
0.5% (w /v ) .  Krebs medium, pH 7 -^ ,  10pM lu m in o l .
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F o r  b o t h  s t i m u l i  t h e  s e c o n d  p h a s e  o f  t h e  r e s p o n s e  w a s  

c o n s id e ra b ly  l a r g e r  and lo n g e r  i n  d u r a t i o n  th a n  th e  f i r s t .  Thus when 

th e  amount o f  l i g h t  e m i t t e d  by PMN o ver  th e  com ple te  t im e  c o u rs e  o f  an 

ex p e r im en t  was i n t e g r a t e d  to  p ro v id e  a  m easure o f  t o t a l  oxygen r a d i c a l  

p r o d u c t i o n  an  o v e r a l l  i n h i b i t o r y  e f f e c t  o f  a lb u m in  was s t i l l  fo u n d  

( F i g .  7 0 ) .  I n  t h e  p r e s e n c e  o f  4% ( w / v )  a l b u m i n  s u m m a t e d  

c h e m i lu m in e s c e n c e  was 17 + 1.2% (m ean + S.E.M., n = 3) o f  o p s o n i s e d  

zym osan  and 15 + 1.2% (m ean + S.E.M., n = 3) o f  c h e m o t a c t i c  p e p t i d e  

induced chem ilum inescence  in  th e  absence  o f  a lbum in .

Human se ru m  a lb u m in  w as t h e r e f o r e  show n t o  be c a p a b l e  b o t h  o f  

i n h i b i t i n g  a n d  o f  e n h a n c i n g  a c e l l u l a r  a n d  PMN l u m i n o l  

c h e m i lu m in e s c e n c e .  The i n h i b i t i o n  w as t h u s  n o t  a t t r i b u t a b l e  t o  

l u m i n o l  b i n d i n g  o r  e x c i t e d  s t a t e  q u e n c h in g  and w as l i k e l y  t o  be 

a t t r i b u t a b l e  t o  d i r e c t  i n t e r a c t i o n  w i t h  oxygen  r a d i c a l s .  The 

d i f f e r e n t i a l  e f f e c t  o f  a l b u m in  on t h e  tw o  p h a s e s  o f  s t i m u l a t e d  PMN 

c h e m i lu m in e s c e n c e  f u r t h e r  s u g g e s t e d  t h a t  a d i f f e r e n t  oxygen r a d i c a l  

p o p u la t io n  p redom inated  in  each  phase . P e r s i s t e n c e  o f  th e  enhanc ing  

and  i n h i b i t o r y  e f f e c t s  o f  a l b u m in  on t h e  f i r s t  and  s e c o n d  p h a s e s  o f  

c h e m o ta c t ic  p e p t id e  induced c h e m i lu m in e s c e n c e s  when a d d e d  10 -  180s 

a f t e r  th e  a d d i t i o n  o f  s t im u lu s  su g g e s te d  t h a t  oxygen r a d i c a l s  i n  b o th  

phases  were e x t r a c e l l u l a r .  F u r th e rm o re ,  th e  i n h i b i t i o n  o f  t h e  second 

p h a s e  by a lb u m in  added  a t  t h e  maximum h e i g h t  o f  t h i s  p h a s e  ( F i g .  68

(c ) )  c o n t r a s t e d  w i t h  t h e  l a c k  o f  i n h i b i t o r y  e f f e c t  o f  s u p e r o x i d e  

d i s m u t a s e  when added  100 s e c o n d s  a f t e r  s t i m u l a t i o n  o f  PMN by l a t e x  

p a r t i c l e s  (F ig .  43, 3 -3 .5 ) .

5 .3 .4  E f f e c t  o f  d ia ly s e d  album in  on PMN chem ilum inescence

I t  i s  w e l l  e s t a b l i s h e d  t h a t  b o th  i n t r a  and  e x t r a - c e l l u l a r  f r e e  

ca lc iu m  io n  c o n c e n t r a t i o n s  in f lu e n c e  th e  a b i l i t y  o f  s t i m u l i  t o  provoke
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F ig u re  70 E f f e c t  o f  album in on summated PMN chem ilum inescence 
5

5x10 PMN/ml were s t im u la t e d  by 1mg/ml o p so n ise d  
zymosan (A) o r  0.25pM ch e m o ta c t ic  p e p t id e  (A). 
Chemiluminescence was summated from tim e o f  s t im u lu s  
a d d i t i o n  to  M20s (zymosan) and 300s ( c h e m o ta c t ic  
p e p t i d e ) .  P o in t s  show th e  e f f e c t  o f  0 .05  -  
(w/v) album in on summated chem ilum inescence e x p re s s e d  
a s  p e rc e n ta g e  o f  c o n t r o l  v a lu e  o b ta in e d  in  th e  
absence  o f  albumin (means +_ SEM, n=3). Krebs 
medium, pH 7 .^ ,  37°C, W j M  lu m in o l.



PMN lu m in o l  dependent ch em ilum inescence  (1.4.2, Table 10) I t  i s  a l s o  

known t h a t  a lb u m in  b i n d s  c a l c i u m  i o n s .  I n  o r d e r  t o  i n v e s t i g a t e  

w h e th e r  t h i s  p r o p e r t y  m ig h t  i n f l u e n c e  t h e  e f f e c t  o f  a l b u m in  on PMN 

chem ilum inescence , th e  e f f e c t  o f  human serum a lbum in  w hich had been 

e x t e n s iv e ly  d ia ly s e d  a g a i n s t  Krebs medium pH 7.4 was exam ined (Tab le

27). Whereas 4% (w/v) a lbum in  which had n o t  been d ia ly s e d  i n h i b i t e d  

b a c k g ro u n d  PMN c h e m i lu m in e s c e n c e  by 66.2 + 3% (mean + S.E.M., n = 4) 

and peak h e ig h t  opson ised  zymosan s t im u la t e d  PMN ch em ilu m in escen c e  by

74.3 + 3.7% (mean + S.E.M., n = 3 ) ,  d i a l y s e d  a lb u m in  c a u s e d  o n ly  31-7 

+ 7.1% and  42 + 5.9% i n h i b i t i o n  r e s p e c t i v e l y .  A s i m i l a r  d i s c r e p a n c y  

o ccu rred  w ith  c h e m o ta c t ic  p e p t id e  s t im u la t e d  PMN.

When t h e  f r e e  c a l c iu m  io n  c o n c e n t r a t i o n  o f  b o t h  a l b u m i n  

p re p a ra t io n s  was measured u s in g  th e  ca lc iu m  e l e c t r o d e  (5.2.2) t h e  f r e e  

c a l c iu m  io n  c o n c e n t r a t i o n  o f  u n d i a l y s e d  4% (w /v )  a l b u m in  w as 1.0mM 

w h e re a s  t h a t  o f  t h e  d i a l y s e d  4% (w /v )  a l b u m in  was 1.3mM, i d e n t i c a l  

w i t h  t h e  c o n c e n t r a t i o n  o f  f r e e  c a l c i u m  i o n s  i n  K reb s  m edium  a l o n e .  

U s in g  t h e  c a l c i u m  e l e c t r o d e  t h e  f r e e  c a l c i u m  io n  c o n c e n t r a t i o n  o f  

u n d i a l y s e d  a lb u m in  was t i t r a t e d  t o  1.3mM by a d d i t i o n  o f  c a l c i u m  

c h lo r id e  such t h a t  b o th  u n d ia ly se d  and d ia ly s e d  4% (w/v) a lb u m in  gave 

i d e n t i c a l  r e a d in g s  in  m i l l i v o l t s  on th e  ca lc ium  e l e c t r o d e .  W ith  th e  

c a l c iu m  io n  c o n c e n t r a t i o n  c o r r e c t e d  t h e  i n h i b i t i o n  o f  r e s t i n g  an d  

opsonsed zymosan s t im u la t e d  PMN chem ilum inescence  was reduced  to  t h a t  

o f  d i a l y s e d  a l b u m in  (T a b le  28 ) .  F u r t h e r m o r e  t h e  p o s s i b i l i t y  t h a t  

i n h i b i t i o n  o f  PMN c h e m i lu m in e s c e n c e  by a l b u m in  w as c a u s e d  by a 

d i a ly s a b le  low m o le c u la r  w eigh t im p u r i ty  in  th e  a lbum in  p r e p a r a t i o n  

was th u s  excluded .

B e f o r e  c h a r a c t e r i s i n g  t h e  i n h i b i t o r y  e f f e c t  o f  a l b u m i n  on PMN 

lu m in o l dependent chem ilum inescence  f u r t h e r ,  i t  was now im p o r ta n t  to  

e s t a b l i s h  what p r o p o r t io n  o f  th e  i n h i b i t i o n  o f  PMN c h em ilu m in escen c e
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c a u s e d  by s e ru m ,  and p e r s i s t i n g  f o l l o w i n g  d i a l y s i s  o f  t h e  se ru m  

( 4 .3 .4 ) ,  c o u ld  be a c c o u n te d  f o r  by a l b u m in  w h ic h  had  b e e n  d i a l y s e d  

e x t e n s i v e l y  a g a i n s t  K re b s  medium pH 7.4 s u c h  t h a t  t h e  f r e e  c a l c i u m  

c o n c e n t r a t i o n  had r e - e q u i l i b r a t e d  t o  1.3mM. The i n h i b i t i o n  o f  

b a c k g ro u n d  and o p s o n i s e d  zym osan  s t i m u l a t e d  PMN l u m i n o l  d e p e n d e n t  

c h e m i lu m in e s c e n c e  c a u s e d  by 39^ ( v / v )  n o r m a l  human s e ru m  w h ic h  had  

been h e a ted  a t  56°C f o r  20 min t o  i n a c t i v a t e  complement and d ia ly s e d  

a g a i n s t  K rebs  medium pH 7.4 w as t h e n  co m p a re d  w i t h  t h a t  c a u s e d  by 

d i a l y s e d  human se ru m  a lb u m in  o f  a  c o n c e n t r a t i o n  c a l c u l a t e d  t o  be 

e q u iv a le n t  to  th e  c o n c e n t r a t i o n  o f  a lb u m in  in  th e  d i l u t e d  serum sam ple 

(T ab le  2 9 ) .

A ll  o f  th e  i n h i b i t i o n  o f  peak h e ig h t  o pson ised  zymosan s t im u la t e d  

PMN c h e m i lu m in e s c e n c e  c o u l d  t h u s  be a c c o u n te d  f o r  by a l b u m in .  

B ack g ro u n d  PMN c h e m i lu m in e s c e n c e  w as a s  u s u a l  o b s e r v e d  w i t h  PMN 

s u s p e n d e d  i n  500 ji l  K reb s  medium c o n t a i n i n g  t h e  d i l u t e d  se ru m  o r  

a lbum in . The f i n a l  c o n c e n t r a t i o n  o f  serum was th u s  78% (v /v )  and o f  

a lb u m in  was 3.2% (w /v ) .  The d i f f e r e n c e  i n  p e r c e n t a g e  i n h i b i t i o n  a t  

th e s e  c o n c e n t r a t io n s  ( a p p a re n t  g r e a t e r  i n h i b i t i o n  by a lbum in )  was n o t  

s i g n i f i c a n t .

5 .3 .5  E f f e c t  o f  album in on PMN oxygen consum ption and-cy tochrom e 

c r e d u c t io n

I t  had t h u s  b e e n  shown t h a t  a l l  o f  t h e  i n h i b i t o r y  e f f e c t  o f  

d i a l y s e d  se ru m  on PMN l u m i n o l  d e p e n d e n t  c h e m i l u m i n e s c e n c e  w as 

a t t r i b u t a b l e  t o  a lb u m in .  As 7 0 %  o f  t h e  i n h i b i t o r y  e f f e c t  o f  s e ru m  

p e r s i s t e d  f o l l o w i n g  d i a l y s i s  ( 4 .3 .3 ) ,  a l b u m in  was c o n f i r m e d  a s  t h e  

m a jo r  c a u s e  o f  i t s  i n h i b i t i o n .  The i n h i b i t o r y  e f f e c t s  o f  a l b u m i n  

c o u ld  n o t  be e x p l a i n e d  by d e c r e a s e d  c e l l  v i a b i l i t y ,  a r e d u c t i o n  i n  

l i g h t  t r a n s m is s io n ,  low o r  h igh  m o le c u la r  w e ig h t  c o n ta m in a n ts  i n  th e  

a lbum in  p r e p a r a t io n  o r  quenching o f  th e  lu m in o l  e x c i t e d  s t a t e .  P a r t
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o f  t h e  i n h i b i t i o n  by a l b u m i n  o f  l a t e x  p a r t i c l e  i n d u c e d  PMN 

chem ilum inescence  was e x p la in e d  by p r o t e i n  c o a t in g  o f  th e  p a r t i c l e s  

l e a d i n g  t o  r e d u c e d  s t i m u l a t o r y  c a p a c i t y  (T a b le  2 3 ,  5 .3 .1 ) .  W h i l s t  

i n t e r f e r e n c e  w i th  s t im u lu s  and c e l l  i n t e r a c t i o n  cou ld  n o t  be e n t i r e l y  

r u l e d  o u t  f o r  c h e m o t a c t i c  p e p t i d e  and  o p s o n i s e d  zy m o sa n ,  t h e  

com parable i n h i b i t o r y  e f f e c t  o f  a lbum in  on r e s t i n g  and s t i m u l a t e d  PMN 

chem ilum inescence ,  ta k e n  t o g e th e r  w i th  th e  enhancement o f  th e  e a r l y  

p h a s e  e f f e c t e d  by low  c o n c e n t r a t i o n s  o f  a l b u m in  i n d i c a t e d  t h a t  t h e  

o v e r a l l  d e c re a se  in  PMN lu m in o l  dependen t chem ilum inescence  (F ig .  70) 

was n o t  a t t r i b u t a b l e  t o  i m p a i r e d  a c t i v a t i o n  o f  t h e  c e l l s  by t h e s e  

s t i m u l i .  The m o s t  l i k e l y  e x p l a n a t i o n  f o r  t h i s  i n h i b i t i o n  w as t h u s  

m o d i f ic a t io n  o f  th e  oxygen r a d i c a l  g e n e r a t in g  pathway by a lb u m in  v i a  

oxygen r a d i c a l  scaveng ing .

I n  o r d e r  t o  p r o v i d e  d i r e c t  e v i d e n c e  o f  m o d i f i c a t i o n  o f  t h e  PMN 

oxygen r a d i c a l  g e n e ra t in g  pathway by a lb u m in ,  th e  e f f e c t  o f  a lb u m in  on 

s t i m u l a t e d  PMN oxygen  c o n s u m p t io n  and  c y to c h ro m e  c r e d u c t i o n  w as 

exam ined.

Oxygen consumption

I t  was p r e d i c t e d  t h a t  i f  t h e  i n h i b i t i o n  by a l b u m i n  o f  PMN 

opson ised  zymosan and c h e m o ta c t ic  p e p t id e  s t im u la t e d  ch em ilu m in escen c e  

was n o t  m edia ted  by m o d i f i c a t io n  o f  th e  c e l l  s t im u lu s  i n t e r a c t i o n ,  th e  

p re sen ce  o f  a lbum in  would n o t  a f f e c t  th e  r a t e  o f  oxygen consum ption  o f  

PMN e x p o s e d  t o  t h e  s t i m u l i .  The l a r g e  d i a m e t e r  o f  t h e  z y m o san  

p a r t i c l e s  and  h e n c e  t h e  l a r g e r  d i a m e t e r  n e e d l e  r e q u i r e d  f o r  t h e i r  

i n j e c t i o n  c a u s e d  d i f f i c u l t i e s  i n  t h e  s t a n d a r d i s a t i o n  o f  s t i m u l u s  

a d d i t i o n  and m ix in g .  E x p e r i m e n t s  w e re  t h e r e f o r e  c a r r i e d  o u t  u s i n g  

on ly  th e  c h e m o ta c t ic  p e p t id e  s t im u lu s .

I n  t h e  p r e s e n c e  o f  a low  c o n c e n t r a t i o n  o f  a l b u m in  (0.156 ( w / v ) ) ,
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F i g u r e  71

20 -

(a) no albumin

250 5000

(b) 01% (w/v) 
albumin

0 250 500
seconds

20

. (c)4% (w/v) 
dlbumin

250 5 0 00
secon d s

E f f e c t  o f  a l bumi n  on  PMN oxygen c o n s u m p t i o n

The oxygen consumption of 5x10 PMM/ml was measured 
following the addition (at time 0 seconds) of 1)iM 
chemotactic peptide. Krebs medium pH 7.^,• human 
serum albumin 0-4%(w/v) as shown (a) - (c.) 37 C,



F ig  71 (b )  t h e  maximum r a t e  o f  o xygen  c o n s u m p t io n ,  w h ic h  o c c u r r e d  a t  

18-21 s e c o n d s  was i n c r e a s e d  by 75%. I n  t h e  p r e s e n c e  o f  4% (w /v )  

a lbum in  th e  maximum r a t e  o f  oxygen consum ption , de layed  to  30 and M2 

sec  was d ec re ase d  by a  mean o f  47% (F ig  71(c)) when compared w i th  th e  

oxygen  c o n s u m p t io n  o f  PMN s t i m u l a t e d  by c h e m o t a c t i c  p e p t i d e  i n  t h e  

absence  o f  a lbum in  (F ig  71(a)).

The maximum r a t e  o f  o xygen  c o n s u m p t io n  o f  PMN s t i m u l a t e d  by 

c h e m o ta c t ic  p e p t id e  was te m p o ra l ly  r e l a t e d  to  th e  peak h e ig h t  o f  th e  

f i r s t  phase o f  c h e m o ta c t ic  p e p t id e  s t i m u l a t e d  PMN chem ilu m in escen ce  

( F ig  33, 3 .3 .3 ) .  I n c r e a s e  o f  t h e  maximum r a t e  o f  oxygen  c o n s u m p t io n  

i n  th e  p re sen ce  o f  a  low c o n c e n t r a t i o n  o f  a lbum in  appeared  s i m i l a r l y  

to  co rrespond  w i th  th e  enhancement o f  th e  f i r s t  phase o f  c h e m o ta c t ic  

p e p t id e  induced lu m in o l  ch em ilum inescence  caused  by 0.05 -  0.5% (w/v) 

a l b u m in  (T a b le  25 , 5 .3 .3 ) .  I f  t h i s  i n c r e a s e  was e x p l a i n e d  by a 

g r e a t e r  e f f i c i e n c y  in  th e  c a r r i a g e  o f  c h e m o ta c t ic  p e p t id e  t o  th e  c e l l  

m em brane by a l b u m in ,  t h e  i n h i b i t i o n  o f  oxygen  c o n s u m p t io n  i n  t h e  

p re sen ce  o f  4% (w/v) a lbum in  was e i t h e r  e x p la in e d  by m o d i f i c a t i o n  o f  

th e  oxygen r a d i c a l  g e n e ra t in g  pathway by a lbum in  w i th  r e t u r n  o f  n a t i v e  

oxygen  t o  t h e  e n v i r o n m e n t  and  h e n c e  a  n e t  r e d u c t i o n  i n  o x y g en  

consum ption  (Roos e t  a l  1977) o r  by an e f f e c t  i f  h igh  c o n c e n t r a t i o n s  

o f  p r o t e i n  on th e  e f f i c i e n c y  o f  th e  oxygen e l e c t r o d e  membrane (D avies 

1962).

Cytochrome c r e d u c t io n

The a b i l i t y  o f  s u p e r o x i d e  a n i o n  (0 2 ’“ ) t o  r e d u c e  c y to c h r o m e  c 

(McCord and  F r i d o v i c h ,  1969) h a s  b e e n  e m p lo y e d  a s  a m o n i t o r  o f  

s u p e r o x i d e  a n i o n  p r o d u c t i o n  by p h a g o c y t o s i n g  PMN ( B a b i o r  e t  a l ,  

1 973 ) ,  t h e  r e d u c t i o n  o f  c y to c h r o m e  c f o l l o w i n g  e x p o s u r e  t o  t h e  PMN 

b e i n g  i n h i b i t a b l e  by s u p e r o x i d e  d i s m u t a s e .  I f  t h e  i n h i b i t i o n  o f  

lu m in o l  dependent PMN c h e m i lu m in e s c e n c e  o c c u r r e d  v i a  s c a v e n g i n g  o f
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s u p e r o x i d e  a n i o n  by a lb u m in  a  s i m i l a r  e f f e c t  o f  a l b u m in  on t h e  

r e d u c t io n  o f  cytochrom e c by PMN would be expec ted  to  o ccu r .

I n c u b a t i o n  o f  20pM f e r r i c y t o c h r o m e  c w i t h  r e s t i n g  PMN f o r  20 

m i n u te s  a t  37°C r e s u l t e d  i n  a  s m a l l  r e d u c t i o n  o f  t h e  c y to c h r o m e  a s  

show n by t h e  a b s o r p t i o n  a t  550nm i n  s p e c t r a l  s c a n  (d) when co m p a re d  

w i t h  t h e  s c a n  o f  c y to c h ro m e  c a l o n e  (a)  F ig .  72 (T a b le  3 0 ) .  When t h e  

c e l l s  were s t im u la t e d  by o p so n ised  zymosan th e  a b s o r p t io n  a t  550nm was 

g r e a t l y  in c re a s e d  (F ig . 72(e)) ,  th e  m agnitude o f  th e  a b s o r p t io n  b e ing  

u n a f f e c te d  by th e  p re sen ce  o f  4% (w/v) human serum a lb u m in  (F ig  7 2 ( f ) ,  

Table  29). In c u b a t io n  o f  4% (w/v) a lbum in  and 20pM cy tochrom e c a lo n e  

h o w e v e r  a l s o  r e s u l t e d  i n  a  s m a l l  r e d u c t i o n  o f  t h e  c y to c h r o m e  

m a n ife s te d  by an in c re a s e d  a b s o r p t io n  a t  550nm (Fig . 72(b), T ab le  29) 

and  t h e  a b s o r p t i o n  a t  550nm o f  20jiM c y to c h r o m e  c e x p o s e d  t o  b o th  

u n s t im u la te d  c e l l s  and a lbum in  was g r e a t e r  th a n  t h a t  o f  th e  cy tochrom e 

e x p o s e d  t o  c e l l s  a l o n e  ( F ig .  7 2 ( c ) ,  T a b le  29 ) .  The i n c r e a s e  i n  

a b s o rp t io n  a t  550nm fo l lo w in g  s t i m u l a t i o n  o f  th e  c e l l s  by o p so n ise d  

zymosan in  th e  p re sen ce  o f  4% (w/v) a lbum in  was th u s  o n ly  78% o f  t h a t  

which o ccu rred  in  th e  absence o f  a lbum in  (Table  29), th u s  i n d i c a t i n g  

an  i n h i b i t o r y  e f f e c t  o f  a lb u m in  on c y to c h r o m e  c r e d u c t i o n  by 

phagocy tosing  PMN.

T h i s  a b i l i t y  o f  a l b u m i n  t o  c a u s e  d i r e c t  r e d u c t i o n  o f  

f e r r i c y t o c h r o m e  c (T a b le  30 (a )  and  (b ) )  was f u r t h e r  e x a m in e d  u s i n g  

human se rum  a l b u m in ,  b o v in e  se ru m  a l b u m i n ,  dog se ru m  a l b u m i n  and  

bovine serum a lbum in  which had been exposed to  a m e ta l  c h e l a t i n g  a g e n t  

( F ig .  7 3 (a ) ) .  I n  e a c h  c a s e  a d o se  r e l a t e d  r e d u c t i o n  o f  c y t o c h r o m e  c 

o ccu rred  a f t e r  exposure  to  th e  a lbum in  p r e p a r a t io n  f o r  a  mean o f  50 + 

5.6 m i n u t e s  (mean + S.E.M., n = 3 2 ) ,  t h e  g r e a t e s t  r e d u c t i o n  o c c u r r i n g  

w i t h  t h e  b o v in e  se ru m  a lb u m in  w h ic h  had  b een  e x p o s e d  t o  a c h e l a t i n g  

a g e n t .  No s i g n i f i c a n t  a b s o rp t io n  o c c u rre d  a t  550nm f o r  4% (w /v) human

2 0 0



Figure
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72 Effect of albumin on the reduction of cytochrome c 
by PMN

The traces are the absorption spectra of 20pM ferricytochrome 
c measured in a scanning spectrophotometer between 565 
and 440nm (cf Fig 61). The cytochrome had previously 
been incubated at 37 C in Krebs medium for 20 minutes 
as follows
(a)
(b)
(c)
(d)
(e)
(f)

ferricytochrome c alone 
+ 4% (w/v) human serum albumin (HSA)
+ 4% (w/v) HSA, 2x10 PMN/ml 
+ 2x10^PMN/ml
+ 2x10^PMN/ml, 2mg/ml opsonised zymosan 
+ 2x10 PMN/ml, 2mg/ml opsonised zymosan, 4% 
(w/v) HSA.

and then centrifuged at 10,000g for 50 seconds 
to remove cells and particles, before the absorption 
was measured. The amount of reduced (ferro)cytochrome c 
in each was denoted by the height of the absorption 
peak at 550nm (cf Fig 61).
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(a)

(b)

CBSA

HSA
BSA

2 3 4
%(w/v)albumin

•o

TJ

3

8  2

4%(w/v)HSA

0 20 40  60
minutes

F ig u re  73 R eduction  o f  cytochrome c by a lbum in ( i n  th e  absence  
o f  PMN)

(a)  20uM fe r r ic y to c h ro m e  c was mixed w ith  0.5-4% (w/v) a lbum in .
The amount o f  reduced  ( fe r ro )c y to c h ro m e  c which r e s u l t e d
in  each c o n d i t io n  was measured in  random o rd e r  4 0 -100m inu tes  
fo l lo w in g  th e  a d d i t io n s ,  by measurement o f  th e  a b s o r p t i o n  
a t  550nm (album in b lan k s  s u b t r a c t e d ) .  Four v a r i e t i e s  
o f  albumin were u s e d : -  BSA (bov ine  serum album in) HSA 
(human serum a lb u m in ) ,  DSA (dog serum a lb u m in ) ,  CBSA 
(ch e lo x  t r e a t e d  bov ine serum album in -  Ca < 5nm oles /g )  ,
Krebs medium, pH 7 .4 ,  room te m p e ra tu re .

(b) T his  graph  shows th e  r a t e  o f  appea rance  o f  reduced  ( f e r r o )  
cytochrome c fo l lo w in g  th e  a d d i t i o n  to  20uM f e r r ic y to c h ro m e  c 
o f  4% (w/v) HSA a t  time 0 m in u te s .  Albumin b la n k s  s u b t r a c t e d .  
Krebs medium, pH 7 .4 ,  room te m p e ra tu re .



o r  bovine serum a lbum in  in  th e  absence  o f  cytochrom e c ( range  -0.001 

t o  -  0 .0 0 6 ) ,  w h i l e  f o r  dog se ru m  a l b u m in  a b s o r p t i o n  i n  t h e  r a n g e  ( -  

0.014 t o  + 0 .126) o c c u r r e d  f o r  0.5% -  4% (w /v )  a lb u m in  an d  f i g u r e s  

w ere t h e r e f o r e  a d ju s t e d  p r i o r  to  th e  c a l c u l a t i o n  o f  juM cy tochrom e c 

red u ced .

The r a t e  o f  r e d u c t i o n  o f  f e r r i c y t o c h r o m e  c by 4% (w /v )  human 

se ru m  a lb u m in  a t  room t e m p e r a t u r e  was a l s o  e x a m in e d  ( F ig .  73 ( b ) ) .  

G re a te r  th an  50% o f  th e  r e d u c t io n  ach iev ed  in  60 m in u te s  o c c u r re d  in  

th e  f i r s t  two m inu tes .

Thus a lbum in  was shown n o t  on ly  t o  d e c re a se  th e  r a t e  o f  r e d u c t io n  

o f  c y to c h ro m e  c by p h a g o c y t o s i n g  PMN b u t  a l s o  t o  be c a p a b l e  o f  

red u c in g  cytochrom e c d i r e c t l y .  D i r e c t  r e d u c t io n  o f  cy tochrom e c by 

album in  was enhanced by th e  p r i o r  rem oval o f  c a t io n s  from th e  a lb u m in .  

T h ese  o b s e r v a t i o n s  w e re  u n i f i e d  by t h e  h y p o t h e s i s  t h a t  a l b u m i n  w as 

a b l e  t o  d o n a t e  o r  r e c e i v e  e l e c t r o n s  and  t h u s  a d o p t  t h e  r o l e  o f  an  

o x i d o r e d u c i n g  o r  r e d o x  a g e n t  and  t h e r e b y  a c t  a s  an  o x y g en  r a d i c a l  

scav en g e r .

5 .4  D isc u ss io n

The e x p e r i m e n t s  r e p o r t e d  i n  t h i s  c h a p t e r  i d e n t i f i e d  a new r o l e  

f o r  a lb u m in  a s  an  oxygen  r a d i c a l  s c a v e n g e r ,  f i r s t l y  by s h o w in g  t h a t  

i t s  p o t e n t  i n h i b i t o r y  e f f e c t  o n  PMN l u m i n o l  d e p e n d e n t  

chem ilum inescence  cou ld  n o t  be f u l l y  e x p la in e d  on any o th e r  b a s i s ,  and 

second ly  by p ro v id in g  ev id en ce  f o r  th e  m o d i f i c a t io n  o f  oxygen r a d i c a l  

g e n e ra t in g  pathw ays by a lbum in  in  c e l l u l a r  and a c e l l u l a r  s y s te m s .

Luminol dependen t ch em ilum inescence  o f  PMN, which w ere r e s t i n g  o r  

s t im u la t e d  by l a t e x  p a r t i c l e s ,  o p so n ised  zymosan o r  th e  c h e m o ta c t ic  

p e p t id e  n fo rm yl met le u  phe, was i n h i b i t e d  in  a dose dependen t manner 

by i n c r e a s i n g  c o n c e n t r a t i o n s  o f  human se ru m  a l b u m in  s u c h  t h a t  

p h y s i o l o g i c a l  c o n c e n t r a t i o n s  o f  a l b u m in  a c h i e v e d  g r e a t e r  t h a n  80%
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i n h i b i t i o n  ( F ig s  62 , 63 and 7 0 ,  T a b le  2 6 ) .  The i n h i b i t i o n  was m o s t  

a p p a re n t  in  th e  second phase o f  th e  ch em ilum inescence  re s p o n s e ,  th e  

f i r s t  phase be ing  enhanced by a lbum in  under  c e r t a i n  c o n d i t i o n s  (F ig . 

69, Table 26). The b ip h a s ic  n a tu r e  o f  th e  c h e m o ta c t ic  p e p t id e  induced  

lu m in o l  dependent chem ilum inescence ,  and th e  d u a l  e f f e c t  o f  a lb u m in  

was even more marked in  th e  p re se n c e  o f  c y t o c h a la s i n  B (F ig  67).

I n h i b i t i o n  o f  opson ised  zymosan s t i m u l a t e d  PMN lu m in o l  dependen t 

c h e m i lu m in e s c e n c e  by b o v in e  se ru m  a l b u m in  (0.1 -  2% (w /v ) )  w as a l s o  

observed  by Andersen and A m irau l t  (1979) and by H a s t in g s  e t  a l  (1982). 

Both groups d isc o u n te d  i n t e r f e r e n c e  by a lbum in  in  l i g h t  t r a n s m i s s i o n  

a s  a m e ch an ism , b u t  n e i t h e r  had  i n v e s t i g a t e d  t h e  phenomenon f u r t h e r .  

Y ana i  and Q uie (1981) d e m o n s t r a t e d  t h a t  a lb u m in  i n h i b i t e d  t h e  

chem ilum inescence  o f  PMN a d h e r in g  to  s u r f a c e s .

In  t h e  e x p e r i m e n t s  r e p o r t e d  i n  t h i s  c h a p t e r  t h e  i n h i b i t o r y  

e f f e c t s  o f  a lbum in  cou ld  n o t  be e x p la in e d  by d ec re ase d  c e l l  v i a b i l i t y ,  

q u e n c h i n g  o f  l u m i n o l  e x c i t e d  s t a t e  o r  a r e d u c t i o n  i n  l i g h t  

t r a n s m i s s i o n .  P a r t  o f  t h e  i n h i b i t i o n  by a l b u m in  o f  l a t e x  p a r t i c l e  

induced PMN chem ilum inescene  was e x p la in e d  by p r o t e i n  c o a t in g  o f  th e  

p a r t i c l e s  le a d in g  to  reduced s t i m u l a t o r y  c a p a c i ty .

W h ils t  i n t e r f e r e n c e  w ith  s t im u lu s  and c e l l  i n t e r a c t i o n  co u ld  n o t  

be e n t i r e l y  ru le d  ou t f o r  c h e m o ta c t ic  p e p t id e  and o p so n ised  zymosan, 

th e  com parable  i n h i b i t o r y  e f f e c t  o f  a lbum in  on r e s t i n g  (u n s t im u la te d )  

PMN chem ilum inescence ta k en  to g e th e r  w i th  th e  enhancement o f  th e  e a r l y  

p h a s e  e f f e c t e d  by low c o n c e n t r a t i o n s  o f  a l b u m in  i n d i c a t e d  that- t h e  

o v e r a l l  d e c re a se  in  PMN lu m in o l  dependent chem ilu m in escen ce  (F ig  70) 

was n o t  a t t r i b u t a b l e  to  im pa irm en t o f  a c t i v a t i o n  o f  th e  c e l l s  by th e s e  

s t i m u l i .  M o d i f i c a t i o n  o f  t h e  oxygen  r a d i c a l  g e n e r a t i n g  p a th w a y  by 

a lbum in  v ia  oxygen r a d i c a l  scaveng ing  th u s  rem ained  th e  m ost l i k e l y  

e x p la n a t io n  fo r  i t s  i n h i b i t i o n  o f  PMN chem ilum inescence .

203



S u p e r o x id e  a n i o n  and  m y e lo p e ro x id a s e  dependen t mechanisms have 

b e e n  i m p l i c a t e d  i n  b o th  o p s o n i s e d  zym osan  and  c h e m o t a c t i c  p e p t i d e  

in d u c e d  c h e m i lu m in e s c e n c e  ( 1 .4 .2 ,  3 .4 .)  (R osen  and  K l e b a n o f f  1976, 

H a tch  e t  a l  1978). The d i f f e r e n t i a l  e f f e c t  o f  a l b u m in  on t h e  tw o  

p h a s e s  o f  t h e  s t i m u l a t e d  PMN c h e m i l u m i n e s c e n c e  r e s p o n s e  f u r t h e r  

sugges ted  t h a t  a d i f f e r e n t  oxygen r a d i c a l  p o p u la t io n  p re d o m in a te s  in  

each  phase. A p r e d i c t i o n  t h a t  oxygen r a d i c a l s  in  th e  f i r s t  phase  a r e  

r e l a t e d  t o  t h e  p r e s e n c e  o f  02*“ and H2O2 ( o r  p r o d u c t s  o f  t h e i r  

r e a c t i o n  OH* andl^C^) may be made from th e  observed  s i m i l a r l i t y  o f  th e  

enhancing  and i n h i b i t o r y  e f f e c t s  o f  a lbum in  on t h i s  phase  and on th e  

c h e m i lu m in e s c e n c e  r e s u l t i n g  f ro m  t h e  x a n t h i n e  o x i d a s e  c a t a l y s e d  

o x id a t io n  o f  x a n th in e  in  th e  p re se n c e  o f  lu m in o l  (Table 26, F ig  64).

P e r s i s t e n c e  o f  an  i n h i b i t o r y  e f f e c t  o f  a lb u m in  on t h e  s e c o n d  

p h a s e  o f  c h e m o t a c t i c  p e p t i d e  i n d u c e d  PMN c h e m i l u m i n e s c e n c e ,  

i r r e s p e c t i v e  o f  i t s  t im e  o f  a d d i t i o n  (F ig  68) s i m i l a r i t y  a l lo w e d  th e  

c o n c lu s io n  t h a t  th e  second phase  oxygen r a d i c a l  poo l i s  a l s o  r e a d i l y  

a c c e s s i b l e  to  a lbum in  and i s  t h e r e f o r e  l i k e l y  to  be e x t r a c e l l u l a r  ( c f  

3.3.5). These o b s e rv a t io n s  c o n t r a s t  w i t h  t h o s e  o f  B r i h e i m ,  S t e n d a h l  

and D ahlgren (1984) p u b l i sh e d  su b se q u e n tly .  U n fo r tu n a te ly  p e rfo rm an ce  

by t h i s  g ro u p  o f  t h e i r  e x p e r i m e n t s  a t  22°C so  d i s t o r t e d  t h e  t i m e  

c o u r s e s  o f  t h e i r  c h e m i l u m i n e s c e n c e  r e s p o n s e s  t h a t  m e a n i n g f u l  

com parison  o f  r e s u l t s  i s  n o t  p o s s ib le .

Some e v i d e n c e  f o r  t h e  d e p e n d e n c e  o f  t h e  s e c o n d  p h a s e  o f  

c h e m o ta c t ic  p e p t id e  induced  PMN chem ilum inescence  on m y e lo p e ro x id a se  

c a t a ly s e d  r e a c t i o n s  was p rov ided  in  t h i s  c h a p te r  by d e m o n s t r a t io n  o f  

an i n h i b i t o r y  e f f e c t  o f  a lbum in  on chem ilum inescence  r e s u l t i n g  from 

r e a c t i o n  o f  t h e  s y n t h e t i c  m i c r o p e r o x i d a s e  and  h y d ro g e n  p e r o x i d e  i n  

h ig h  c o n c e n t r a t i o n  in  t h e  p r e s e n c e  o f  l u m i n o l  ( F ig  6 5 ( a ) ) .  The 

e n h a n c in g  e f f e c t  o f  a lb u m in  on c h e m i l u m i n e s c e n c e  p r o d u c e d  by t h i s
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system  in  th e  p re sen ce  o f  low c o n c e n t r a t i o n s  o f  however p ro v id ed

y e t  a n o th e r  c i rc u m s ta n c e  in  which a lbum in  was shown to  be ca p a b le  o f  

b o th  i n c r e a s i n g  and d e c r e a s i n g  t h e  m a g n i tu d e  o f  l u m i n o l  d e p e n d e n t  

chem ilum inescence .

The r e l a t i v e  c o n c e n t r a t i o n s  o f  r e a c t i v e  o xygen  m e t a b o l i t e s ,  

l u m i n o l  and a lb u m in  a r e  l i k e l y  t o  h av e  d e t e r m i n e d  n o t  o n ly  t h e  

e f f i c i e n c y  b u t a l s o  th e  mechanism by which lu m in o l  was d io x y g en a ted  o r  

p e r o x id i s e d  (1.4.2). Hodgson and F r id o v ic h  have shown t h a t  su p e ro x id e  

d i s m u t a s e  c a n  b o t h  i n h i b i t  x a n t h i n e / x a n t h i n e  o x i d a s e  l u m i n o l  

c h e m i lu m in e s c e n c e  (by a c c e l e r a t i n g  r e m o v a l  o f  O2 *"" f ro m  t h e  oxygen  

r a d i c a l  poo l by d is m u ta t io n )  o r  in  f a c t  enhance th e  ch em ilu m in escen ce  

by d i r e c t l y  c a t a l y s i n g  t h e  p e r o x i d a t i o n  o f  l u m i n o l  (H odgson and  

F r id o v ic h  1975). M isra  and S q u a t r i t o  (1982) a t t r i b u t e d  th e  enhanc ing  

e f f e c t  o f  know n h y d r o x y l  r a d i c a l  s c a v e n g e r s  on  h o r s e  r a d i s h  

p e ro x id ase /H g C ^ /lu m in o l ch em ilum inescence  to  rem oval o f  OH* from  th e  

poo l th e re b y  p re v e n t in g  i t s  r e a c t i o n  w i th  02*” and f r e e i n g  more o f  th e  

l a t t e r  f o r  th e  d io x y g e n a t io n  o f  lu m in o l  (1.4.2). ,

While h igh  a lbum in  c o n c e n t r a t i o n s  a r e  l i k e l y  to  have i n t e r f e r e d  

w i th  th e  perfo rm ance  o f  th e  oxygen e l e c t r o d e  membrane (F ig  71) (D avies 

1962),  t h e  s i m i l a r i t y  i n  e f f e c t  o f  low  and  h ig h  c o n c e n t r a t i o n s  o f  

a lb u m in  on t h e  maximum r a t e  o f  PMN o x y g en  c o n s u m p t io n  and  on t h e  

t e m p o r a l l y  r e l a t e d  f i r s t  p h a s e  o f  PMN c h e m i l u m i n e s c e n c e  p r o v i d e d  

f u r t h e r  e v i d e n c e  f o r  m o d i f i c a t i o n  o f  t h e  o xygen  r a d i c a l  g e n e r a t i n g  

pathway (o r  scavenging) by a lbum in . Oxygen consum ption  by s t i m u l a t e d  

PMN canno t be a c c u r a te l y  m easured in  th e  p re se n c e  o f  a s c a v e n g e r  w hich 

i s  r e tu r n i n g  02 to  th e  environm ent (Roos e t  a l  1977).

A lbum in  m i n i m a l l y  i n h i b i t e d  t h e  r e d u c t i o n  o f  c y t o c h r o m e  c by 

s t i m u l a t e d  PMN (F ig  72) ( a t t r i b u t e d  t o  O^")- S c r u t i n y  o f  t h e  e f f e c t  

o f  a lbum in  on cytochrome c in  th e  absence  o f  c e l l s  however le d  t o  th e
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n ove l o b s e rv a t io n  t h a t  a lbum in  was i t s e l f  a b le  to  red u ce  cytochrom e c 

i n  a  d o se  and t i m e  d e p e n d e n t  m a n n e r ,  t h e  m a g n i tu d e  o f  w h ic h  w as 

in c re a s e d  by p r i o r  t r e a tm e n t  o f  th e  a lbum in  by a  m e ta l  c h e l a t i n g  a g e n t  

(F ig  71). Albumin was th u s  a b le  to  p a r t i c i p a t e  in  o x i d a t i o n / r e d u c t i o n  

r e a c t i o n s  and d id  so more e f f i c i e n t l y  fo l lo w in g  th e  rem ova l o f  m e ta l  

i o n s .  C y toch rom e  c i s  known t o  be r e d u c e d  by t h i o l  g r o u p s  s u c h  a s  

reduced  g lu t a th i o n e  (Jo c e ly n  1972). The f r e e  t h i o l  group on a lbum in  

( P e t e r s  1975) may s i m i l a r l y  be r e s p o n s i b l e  f o r  *fs .* r e d u c t i o n  o f  

cytochrome c. PMN chem ilum inescence  by d ia ly s e d  a lbum in  when compared 

to  t h a t  o f  u n d ia ly s e d  a lbum in  (Table 28) m ere ly  r e f l e c t e d  a b e n e f i c i a l  

e f f e c t  o f  r e s t o r a t i o n  o f  e x t r a c e l l u l a r  f r e e  ca lc iu m  io n s  (Cam pbell and 

H a l l e t t  1983, W i l l i a m s  and  C o le  1981) o r  was m e d ia t e d  by b i n d i n g  o f  

d iv a l e n t  c a t io n s  to  th e  p r o t e i n  d u r in g  d i a l y s i s  th e re b y  s h i e l d i n g  i t s  

r e a c t i v e  groups from l a t e r  e n c o u n te r  w i th  oxygen r a d i c a l s .

Comparison o f  th e  e f f e c t s  o f  d ia ly s e d  a lbum in  and d ia ly s e d  whole 

serum on r e s t i n g  and s t im u la t e d  PMN lu m in o l  chem ilu m in escen ce  showed 

t h a t  t h e  f o r m e r  a c c o u n te d  f o r  a l l  o f  t h e  i n h i b i t i o n  c a u s e d  by t h e  

l a t t e r  (T a b le  29) and t h u s  a t  l e a s t  1 0 %  o f  t h e  i n h i b i t i o n  o f  

chem ilum inescence e f f e c t e d  by u n d ia ly s e d  serum (T ab le  23, 4 . 3 - 3 ) .

A lbum in  had h i t h e r t o  b een  a s s i g n e d  s e v e r a l  p h y s io lo g i c a l  r o l e s  

i n c l u d i n g  m a i n t a i n a n c e  o f  b lo o d  o s m o t i c  p r e s s u r e ,  f a t t y  a c i d  

t r a n s p o r t ,  s e q u e s t r a t i o n  a n d  t r a n s p o r t a t i o n  o f  b i l i r u b i n  and  

conveyance o f  c e r t a i n  amino a c id s  and hormones ( P e te r s  1975). Oxygen 

r a d i c a l  s c a v e n g i n g  had  n o t  p r e v i o u s l y  b een  d e m o n s t r a t e d .  F u r t h e r  

e x am in a t io n  o f  t h i s  p ro p e r ty  in  th e  m ajor e x t r a c e l l u l a r  p r o t e i n  was 

th e r e f o r e  r e q u i r e d  i f  th e  r o l e  o f  r e a c t i v e  oxygen m e t a b o l i t e s  in  th e  

p a th o g e n e s is  o f  rh eu m a to id  a r t h r i t i s  was t o  be e s t a b l i s h e d .
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5.5 Summary

The p o t e n t  i n h i b i t o r y  e f f e c t  o f  n o r m a l  se ru m  on PMN l u m i n o l  

c h e m i lu m in e s c e n c e  was f u r t h e r  i n v e s t i g a t e d  and  was fo u n d  t o  be 

e n t i r e l y  a t t r i b u t a b l e ^ a l b u m i n .  The m a jo r  s h a r e  o f  t h e  i n h i b i t o r y  

e f f e c t s  o f  a lbum in  on PMN lu m in o l  chem ilum inescence  cou ld  in  t u r n  on ly  

be e x p la in e d  by oxygen r a d i c a l  scaveng ing  and a new r o l e  f o r  a lbum in  

was th u s  i d e n t i f i e d

(a)  L u m in o l  c h e m i l u m i n e s c e n c e  o f  n o r m a l  PMN w hich w ere r e s t i n g  o r  

s t im u la t e d  by l a t e x  b ead s ,  o pson ised  zymosan o r  th e  c h e m o ta c t ic  

p e p t i d e  n f o r m y l  m e t l e u  phe  was i n h i b i t e d  i n  a  d o s e  d e p e n d e n t  

manner such t h a t  p h y s io lo g i c a l  c o n c e n t r a t i o n s  o f  a lb u m in  ach iev ed  

g r e a t e r  th a n  80^ i n h i b i t i o n .

(b) The i n h i b i t o r y  e f f e c t s  o f  a l b u m in  c o u ld  n o t  be  e x p l a i n e d  by 

dec reased  c e l l  v i a b i l i t y ,  quenching  o f  lu m in o l  e x c i te d  s t a t e  o r  a 

r e d u c t i o n  i n  l i g h t  t r a n s m i s s i o n .  P a r t  o f  t h e  i n h i b i t i o n  by 

a lb u m in  o f  l a t e x  p a r t i c l e  in d u c e d  PMN c h e m i l u m i n e s c e n c e  w as 

e x p l a i n e d  by p r o t e i n  c o a t i n g  o f  t h e  p a r t i c l e s  l e a d i n g  t o  

d ec re ase d  s t im u la t in g  c a p a c i t y .

(c )  The i n h i b i t o r y  e f f e c t  o f  a lbum in  was most a p p a re n t  i n  th e  second 

p h a s e  o f  c h e m o t a c t i c  p e p t i d e  and  o p s o n i s e d  zym osan  s t i m u l a t e d  

chem ilum inescence . Albumin a c t u a l l y  enhanced th e  f i r s t  phase  o f  

s t i m u l a t e d  PMN l u m i n o l  c h e m i l u m i n e s c e n c e  a n d  l u m i n o l  

chem ilum inescence  r e s u l t i n g  from two a c e l l u l a r  r a d i c a l  g e n e r a t in g  

s y s t e m s .  Low c o n c e n t r a t i o n  o f  a l b u m in  a l s o  i n c r e a s e d  o xygen  

consumption by ch em o tac t ic  p e p t id e  s t im u la t e d  PMN.

(d) D i r e c t  ev idence  f o r  a lb u m in 's  c a p a b i l i t y  a s  an o x id o re d u c ta n t  was 

p r o v i d e d  by t h e  o b s e r v a t i o n  o f  i t s  d i r e c t  r e d u c i n g  e f f e c t  on 

c y to c h ro m e  c ,  t h e  m a g n i tu d e  o f  w h ic h  was i n c r e a s e d  by p r i o r  

t r e a tm e n t  o f  albumin w ith  a  m e ta l  c h e l a t o r .

2 0 7



C hap ter  6

I n v e s t i g a t i o n  o f  th e  mechanism by which album in scavenges  

oxygen r a d i c a l s :  th e  r o l e  o f  t h i o l  group o x id a t io n

6.1 I n t r o d u c t io n

6 .2  Methods 6 .2 .1  G enera l

6 .3  R esu l ts

6 .2 .2  Assay f o r  t h i o l  g ro u p s .

6 .2 .3  A s s a y  f o r  p r o t e i n  c o n c e n t r a t i o n s  i n  

s y n o v i a l  f l u i d .

6 .3 .1  O x i d a t i o n  o f  f r e e  and p r o t e i n  bound t h i o l  

g roups exposed to  PMN.

6 .3 .2  C o m p a r i s o n  o f  t h e  e f f e c t s  o f  r e d u c e d  

g l u t a t h i o n e  and  a lb u m in  on PMN l u m i n o l  

chem ilum inescence .

6 .3 .3  Serum  and  s y n o v i a l  f l u i d  t h i o l  l e v e l s  i n  

p a t i e n t s  w i th  rheum a to id  a r t h r i t i s .

6 .4  D iscu ss io n

6 .5  Summary

208



6.1 Introduction

In  t h e  p r e v i o u s  c h a p t e r  t h e  p r e d o m i n a n t l y  i n h i b i t o r y  e f f e c t  o f  

a lbum in  on lu m in o l dependent chem ilum inescence  was used  t o  i d e n t i f y  

t h i s  m a jo r  e x t r a c e l l u l a r  p r o t e i n  a s  a  s c a v e n g e r  o f  o x y g e n  r a d i c a l s .  

F u r th e rm o re ,  a lbum in  was found to  be r e s p o n s ib le  f o r  th e  m a jo r  s h a re  

o f  th e  p o te n t  i n h i b i t o r y  e f f e c t  o f  no rm al human serum on PMN lu m in o l  

dependent chem ilum inescence.

Scavenging o f  an oxygen r a d i c a l  im p l i e s  a ' t e r m i n a t i o n  r e a c t i o n '  

r e s u l t i n g  i n  t h e  r e m o v a l  o f  an  oxygen  r a d i c a l  f rom  t h e  p r o p a g a t i n g  

p o o l  (D el M a e s t r o  1980). M o le c u l e s  w h ic h  a c t  a s  s c a v e n g e r s  m u s t  

t h e m s e l v e s  be s t r u c t u r a l l y  a l t e r e d  by t h e  t e r m i n a t i o n  r e a c t i o n ,  

however t r a n s i e n t l y .  C onc lusive  p ro o f  o f  a lb u m in 's  r o l e  a s  an oxygen 

r a d i c a l  s c a v e n g e r  w o u ld  t h e r e f o r e  o n l y  b e  p r o v i d e d  by t h e  

d e m o n s t ra t io n  o f  m o d i f i c a t io n  o f  i t s  s t r u c t u r e  by exposu re  t o  oxygen 

r a d i c a l s  and o th e r  r e a c t i v e  oxygen m e ta b o l i t e s  in  v i t r o  and in  v iv o .

The p r o t e i n ,  human serum a lbum in , m o le c u la r  w e ig h t  69,000 (Cohn 

e t  a l  1947), i s  com posed  o f  610 p e p t i d e s ,  c o m p r i s i n g  19 d i f f e r e n t  

a m in o  a c i d s .  P o t e n t i a l  s i t e s  f o r  oxygen  r a d i c a l  r e a c t i o n  (an d  t h u s  

scaveng ing  by a lbum in) in c lu d e  th e  amino g ro u p s ,  t r y p to p h a n ,  h i s t i d i n e  

and  t y r o s i n e  r e s i d u e s  and  t h e  l o n e  t h i o l  (-SH) g ro u p  on c y s t e i n e  i n  

th e  t h i r t y  f o u r th  p o s i t i o n  ( c f  1.2.3). L ip id s  t r a n s p o r t e d  by a lbum in  

and acc o u n tin g  f o r  0.3% o f  i t s  w e igh t  (S c h u l tz e  and Heremans 1966) may 

a l s o  c o n t r i b u t e  t o  a l b u m i n ' s  s c a v e n g i n g  c a p a b i l i t y  by u n d e r g o i n g  

p e r o x i d a t i o n  ( P e t r o n e  e t  a l  1980) (1.2.3).

A r ra n g e m e n t  o f  a l b u m i n ' s  p o l y p e p t i d e  c h a i n  i n t o  a c o n v o l u t e d  

s t r u c t u r e  o f  4 Svedberg u n i t s  d e te rm in e d  by in t r a m o l e c u l a r  d i s u lp h i d e  

bonds (S c h u ltse  and Heremans 1966) i s  l i k e l y  to  l i m i t  th e  a v a i l a b i l i t y  

o f  some o f  t h e  a b o v e  m e n t io n e d  s i t e s  f o r  oxygen  r a d i c a l  r e a c t i o n .  

W h ile  m e t h o d i c a l  e x a m i n a t i o n  o f  e a c h  p o s s i b l e  s c a v e n g i n g  s i t e  f o r
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e v i d e n c e  o f  m o d i f i c a t i o n  f o l l o w i n g  e x p o s u r e  t o  o xygen  r a d i c a l s  w as 

r e q u i r e d ,  c o n s t r a i n t s  o f  t im e  d u r in g  th e  work o f  t h i s  t h e s i s  demanded 

th e  s e l e c t i o n  o f  on ly  one s i t e .

A t t e n t i o n  was d i r e c t e d  t o  t h e  l o n e  t h i o l  g ro u p  w hose  p o t e n t i a l  

f o r  o x i d a t i o n  t o  d i s u l p h i d e s ,  s u l p h e n i c  o r  s u l p h o n i c  a c i d s  ( J o c e l y n  

1970) may h av e  a c c o u n te d  f o r  t h e  a b i l i t y  o f  a l b u m in  t o  g a i n  an  

e l e c t r o n  i n  t h e  r e d u c t i o n  o f  c y to c h ro m e  c d e m o n s t r a t e d  i n  t h e  l a s t  

c h a p te r  (5-3-5)- F u r th e r ,  a lbum in  i s  th e  m ajor so u rce  o f  t h i o l  group 

i n  se ru m  ( J o c e l y n  1972) and s u p p o r t i n g  e v i d e n c e  f o r  i n v o l v e m e n t  o f  

t h i o l  group o x id a t io n  in  th e  p a th o g e n e s is  o f  rh eu m a to id  a r t h r i t i s  has 

b een  a f f o r d e d  by t h e  o b s e r v a t i o n s  by L o r b e r  (1964) and  Thomas and  

Evans (1975) o f  low serum t h i o l  l e v e l s  i n  p a t i e n t s  w i th  a c t i v e  d i s e s e .  

Serum t h i o l  l e v e l s  had a l s o  been shown to  r i s e  in  p a t i e n t s  u n d erg o in g  

im p ro v e m e n t  i n  d i s e a s e  a c t i v i t y  f o l l o w i n g  t r e a tm e n t  w i th  th e  t h i o l  

c o n ta in in g  D -p e n ic i l la m in e  (Dixon e t  a l  1980).

The a im  o f  t h e  e x p e r i m e n t s  d e s c r i b e d  i n  t h i s  c h a p t e r  was 

t h e r e f o r e  to  d e te rm in e  w hether  exposure  o f  a lbum in  to  oxygen r a d i c a l s  

g e n e ra te d  by s t im u la t e d  PMN i n  v i t r o  and in  v ivo  w i th i n  th e  s y n o v ia l  

f l u i d  and whole b lood o f  p a t i e n t s  w i th  rh eum ato id  a r t h r i t i s ,  r e s u l t e d  

in  o x id a t io n  o f  th e  lo n e  t h i o l  group.

6 .2  Methods

6 .2 .1  G enera l Methods

F o r  l u m i n o l  d e p e n d e n t  c h e m i lu m in e s c e n c e  and  t h i o l  o x i d a t i o n  

e x p e r im e n ts ,  PMN were i s o l a t e d  from norm al whole b lood a s  p r e v io u s ly  

d e s c r i b e d  (2 .9 .1 ) .  O p s o n is e d  zym osan  was p r e p a r e d ,  and  c h e m o t a c t i c  

p e p t id e  and lu m in o l  were d i l u t e d  in  Krebs medium from s to c k  s o l u t i o n s  

i n  D.M.S.O. a s  p r e v i o u s l y  d e s c r i b e d  (2 .2 ) .  R educed g l u t a t h i o n e  and  

sodium a z id e  were d is o lv e d  in  Krebs medium w i th  pH m a in ta in e d  a t  7.4.
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For use in  PMN t h i o l  o x id a t io n  e x p e r im e n ts ,  no rm al human serum 

was h e a t e d  a t  56°C f o r  30 m i n u t e s  t o  i n a c t i v a t e  c o m p le m e n t  an d  was 

th e n  s to r e d  a t  -20°C f o r  a minimum o f  48 hou rs .

For in  v ivo  t h i o l  o x id a t io n  s t u d i e s  s y n o v ia l  f l u i d  was o b ta in e d  

f r o m  t h e  k n e e  j o i n t s  o f  p a t i e n t s  w i t h  r h e u m a t o i d  a r t h r i t i s ,  

o s t e o a r t h r i t i s  and p o s t  m enisectom y j o i n t  e f f u s io n s  a s  i n d i c a t e d .  The 

s a m p l e s  w ere  c e n t r i f u g e d  a t  1 0 ,000g  f o r  10 m in  t o  rem o v e  a l l  l i v e  

c e l l s  (4 .2 .2 )  and w e re  t h e n  s t o r e d  a t  -20°C  f o r  2 -6  m o n th s  p r i o r  t o  

u s e .  B e f o r e  c e n t r i f u g a t i o n ,  w h e re  i n d i c a t e d ,  s a m p le  a l i q u o t s  w e re  

t a k e n  f o r  t o t a l  c e l l  c o u n t i n g  u s i n g  p h a s e  c o n t r a s t  m i c r o s c o p y .  

D i f f e r e n t i a l  w h i te  c e l l  co u n ts  were n o t  p re p a re d .  Serum sam p les  were 

o b ta in e d  form norm al s u b je c t s  and p a t i e n t s  w i th  rh eu m a to id  a r t h r i t i s  

w i th  t h e i r  in form ed  co n sen t .

6 .2 .2  Assay f o r  t h i o l  groups

F r e e  and  p r o t e i n  bound s u l p h y d r y l  g ro u p  c o n c e n t r a t i o n s  i n  t h e  

r a n g e  40-600pM w ere  a s s a y e d  by a  m o d i f i c a t i o n  o f  t h e  m e th o d  o f  

J a n a to v a  e t  a l  (1968) which was in  t u r n  based  on th e  method o f  E llm an , 

(1959).

A s to c k  s o lu t i o n  o f  10mM d i t h i o b i s - 2 - n i t r o b e n z o a t e  (DTNB) i n  37mM 

phospha te  b u f f e r  pH 8.0 was f r e s h l y  p re p a re d  on th e  day o f  a s s a y .  The 

DTNB w as n o t  c o m p l e t e l y  s o l u b l e  u n d e r  t h e s e  c o n d i t i o n s ,  a n d  a f t e r  

r i g o r o u s  m ix in g  t h e  s o l u t i o n  was c e n t r i f u g e d  a t  1000g i n  a  b e n c h  

c e n t r i f u g e  to  remove any p a r t i c u l a t e  m a t te r .  A s to c k  s o l u t i o n  o f  25mM 

EDTA (disodium  S a l t )  i n  7.4mM phospha te  b u f f e r  was a l s o  p re p a re d ,  pH 

r e a d j u s t e d  to  7.9.

The a ssay  was c a r r i e d  o u t  in  a d u a l  w ave leng th  s p e c t ro p h o to m e te r  

(Beckman) a t  room t e m p e r a t u r e  u s i n g  m a t c h e d  p l a s t i c  c u v e t t e s  

( S a r s t e d t ) .  The r e a g e n t  b lank  was p re p a re d  by m ix ing  50jal o f  th e  25mM
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EDTA s t o c k  s o l u t i o n  w i t h  750^11 7.4mM p h o s p h a t e  b u f f e r  pH 7.9 i n  a 

p l a s t i c  c u v e t te .  The r e a c t i o n  m ix tu re  was p re p a re d  by m ix ing  50p l o f  

t h e  25mM EDTA s t o c k  s o l u t i o n  w i t h  50-100 ju l o f  t h e  t e s t  s u b s t a n c e  

d is s o lv e d  in  Krebs medium pH 7.1! and 700-65^ul 7.4mM p h o sp h a te  b u f f e r  

pH 7.9 i n  a m a tc h e d  c u v e t t e .  R e a c t i o n  was i n i t i a t e d  by t h e  a d d i t i o n  

w i t h ,  t h o r o u g h  m ix in g ,  o f  200yul o f  t h e  10mM DTNB s t o c k  s o l u t i o n  t o  

b o th  r e a g e n t  b la n k  and r e a c t i o n  m i x t u r e .  The a b s o r b a n c e  o f  t h e  

r e a c t i o n  m i x t u r e  was r e a d  a g a i n s t  t h a t  o f  t h e  r e a g e n t  b l a n k  i n  t h e  

s p e c t r o p h o t o m e t e r  a t  4 l2nm  ( F ig  7*0 and  d o c u m e n te d  on a pen  c h a r t  

r e c o r d e r  u n t i l  th e  maximum abso rbance  was d e te rm in e d .  T h is  o c c u rre d  

fo l lo w in g  th e  a d d i t i o n  o f  DTNB f o r  low m o le c u l l a r  w e igh t  t h i o l  and a t  

10-15m inutes f o r  p r o t e i n  bound t h i o l ,  t h e r e a f t e r  decay ing  (F ig  75).

A t e s t  s o lu t i o n  b lank  was p rep a red  by m ix ing  50-100jj1 o f  th e  t e s t  

s o l u t i o n  w i t h  200jul 37mM p h o s p h a te  b u f f e r  pH 8 .0 ,  50^1 o f  t h e  25mM 

EDTA s t o c k  s o l u t i o n  and  7 0 0 -6 5 0 j i l  0.007*IM p h o s p h a te  b u f f e r  pH 7»9» 

The a b s o r b a n c e  o f  t h i s  s o l u t i o n  a t  4 l2nm  was s u b t r a c t e d  f ro m  t h e  

abso rbance  o f  th e  r e a c t i o n  m ix tu re .

The c o n c e n t r a t i o n  o f  t h i o l  g roups i n  th e  o r i g i n a l  t e s t  s o l u t i o n  

was c a l c u l a t e d  a c c o rd in g  to  th e  f o l lo w in g  fo rm u la

Co = A D m o l e s / l i t r e  
E

where Co = c o n c e n t r a t i o n s  o f  t h i o l  g roups  i n  t e s t  s o l u t i o n

A = maximum absorbance  a t  4l2nm

E = e x t i n c t i o n  c o e f f i c i e n t  ( 1 3 ,6 00/M/cm)

D = d i l u t i o n  f a c t o r

There was a l i n e a r  r e l a t i o n s h i p  betw een  ab so rb an cce  a t  4l2nm and 

c o n c e n t r a t io n  o f  a lbum in  in  th e  range  2—10% (w/v) human serum a lb u m in  

(F ig  7 6 ) ,  c o r r e s p o n d i n g  t o  92-486^iM t h i o l  g ro u p  c o n c e n t r a t i o n .  The 

low er  l i m i t  o f  d e t e c t i o n  fo r  t h i s  a s sa y  t h e r e f o r e  was an ab so rb a n c e  o f
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F ig u re  7^ S p e c t ro p h o to m e tr ic  a s s a y  f o r  t h i o l  g roups u s in g  
d i t h i o b i s - 2 - n i t r o b e n z o a t e  (DTNB)

T his  abso rbance  t r a c e  was -o b ta in ed  in  a d u a l  w aveleng th  
s p e c tro p h o to m e te r  sc a n n in g  between 556 and 356nm and 
shows th e  absorbance  peak a t  4l2nm o f  th e  b e n zo a te  
an io n  l i b e r a t e d  by r e a c t i o n  o f  100pl o f  MOOpM 
reduced  g l u t a th i o n e  ( d i l u t e d  i n  Krebs medium pH 
7**0 and 200pl 10mM DTNB ( i n  37mM phospha te  b u f f e r  
pH 7-9) d i l u t e d  in  7 . H m M  phospha te  b u f f e r  pH 7 .9  
w ith  EDTH a s  d e s c r ib e d  in  6 . 2 .2 .  The ab so rb an ce  
o f  th e  ’’r e a g e n t  b la n k ’’ c o n ta in in g  100pl Krebs 
medium on ly  was s im u l ta n e o u s ly  s u b t r a c t e d .
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-  Comparison o f  th e  r a t e  o f  r e a c t i o n  o f  low m o lecu la r  

w eigh t and p r o t e i n  bound t h i o l  g roups w ith  DTNB in  

th e  t h i o l  group a s s a y .

At tim e 0 seconds 200ul 0 . 0 1M DTNB was added to  th e  

r e a c t i o n  m ix tu re  and to  a r e a g e n t  b la n k  in  matched 

p l a s t i c  c u ^ v e t t e s .  The r e a c t i o n  m ix tu re  c o n ta in e d  

700ul 0.0074M phosphate  b u f f e r ,  0.025M EDTA s to c k  s o l u t i o n  

(s e e  6 . 2 . 2 ) ,  pH 7 .9  and e i t h e r  (a )  50/al 10% (w/v) human 

serum album in o r  (b) 50pl' 200pM reduced g l u t a t h i o n e ,

Krebs medium pH 7 -4 ,  room te m p e ra tu re .  The abso rb an ce  

o f  r e a c t i o n  m ix tu re  a g a i n s t  b la n k  a t  4l2nm was m on ito red  

c o n t in u o u s ly  in  a d ua l w aveleng th  s p e c tro p h o to m e te r .
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F ig u re  76 Dose re sp o n se  r e l a t i o n s h i p  f o r  human serum 
album in in  DTNB a ss a y  f o r  t h i o l  g roups

The graph  shows th e  abso rbance  15 m inu tes  fo l lo w in g  
 ̂ r e a c t i o n  o f  100pl o f  2-10% (w/v) human serum 

album in in  Krebs medium pH l A  w ith  DTNB as  
d e s c r ib e d  in  6 .2 .2  and F ig  7^. Reagent and 
t e s t  b lan k s  were s u b t r a c t e d .  The known e x t i n c t i o n  
c o e f f i c i e n t  ( 1 3 , 600/M/cm) a l low ed  c a l c u l a t i o n  
o f  th e  t h i o l  group c o n c e n t r a t i o n ,  f o r  each  
album in c o n c e n t r a t i o n ,  from th e  abso rbance  
a t  M12nm.



0.050, co rre sp o n d in g  to  a  t h i o l  group c o n c e n t r a t i o n  o f  37pM.

6 .2 .3  Assay f o r  p r o t e i n  c o n c e n t r a t i o n s  i n  s y n o v ia l  f l u i d

The t o t a l  p r o t e i n  c o n c e n t r a t i o n  i n  a s p i r a t e d  s y n o v i a l  f l u i d  

s a m p l e s ,  denuded  o f  c e l l s ,  was m e a s u re d  a c c o r d i n g  t o  t h e  m e th o d  o f  

Lowry (1955) d e t a i l e d  below. As t h i s  a s sa y  on ly  a l lo w e d  m easurem ents  

i n  t h e  r a n g e s  12.5 -  1 00pg / 100jul, a l l  s y n o v i a l  f l u i d  s a m p l e s  w e re  

d i l u t e d  1 :00 i n  K reb s  medium p r i o r  t o  e s t i m a t i o n .  The r e s u l t s  w e re  

c a l c u l a t e d  as  th e  mean o f  d u p l i c a t e  sam ples .

S tock s o l u t i o n s : -

Reagent I s -  2% (w/v) ^ 2^ ^

0.1M NaOH

0.04/6 (w/v) Na t a r t r a t e

Reagent I I : -  1% (w/v) CuSO^ in  double  d i s t i l l e d  w a te r

Lowry R eagen t: -  100ml I  and 2ml I I

F o l in  G io c a l te a u ^ s  r e a g e n t : -

10ml d i l u t e d  to  20ml in  double d i s t i l l e d  w a te r

3ml o f  Lowry r e a g e n t  was t h o r o u g h l y  m ix ed  w i t h  I OO j j I  o f  t e s t  

sam ple and a l lo w ed  to  s ta n d  f o r  10 m in., 3 0 0 j i l  o f  th e  d i l u t e d  F o l in ' s  

r e a g e n t  was th e n  added to  th e  m ix tu re  which was a l lo w e d  to  s ta n d  f o r  

30 min. The abso rbance  o f  t h i s  m ix tu re  a t  750nm was read  in  t h e  d u a l  

w aveleng th  s p e c t ro p h o to m e te r  (Beckman). The a s s a y  was c a l i b r a t e d  w i th  

b o v in e  se ru m  a lb u m in  s t a n d a r d s  o f  known c o n c e n t r a t i o n  i n  d o u b le  

d i s t i l l e d  w a te r  (Fig. 77).

The a lb u m in  c o n c e n t r a t i o n s  i n  a s p i r a t e d  s y n o v ia l  f l u i d  sam p les  

w ere  m e a su re d  i n  t h e  D e p a r tm e n t  o f  M e d ic a l  B i o c h e m i s t r y  c l i n i c a l  

l a b o r a t o r y ,  U n i v e r s i t y  H o s p i t a l  o f  W a le s ,  C a r d i f f .  The s y n o v i a l  

f l u i d  a lbum in  c o n c e n t r a t i o n s  were measured in  a  Technicon SMAC u s in g
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F ig u re  77 Lowry a s s a y  f o r  p r o t e i n  -  c a l i b r a t i o n  w ith  
bov ine  serum album in

The graph  shows th e  ab so rb an ces  a t  750nm which 
r e s u l t e d  when 12.5-100jug bov ine serum album in 
in  100ul double  d i s t i l l e d  w a te r  and mixed 
w ith  3ml Lowry r e a g e n t  was added to  300jul 
d i l u t e d  F o l i n ?s r e a g e n t  and a llow ed  to  s ta n d  
f o r  30 m inu tes  ( 6 . 2 . 3 ) .  S in g le  o b s e r v a t i o n s .

' Room te m p e ra tu re .



Bromocresol green as an indicator in a colourimetric assay.

6 .3  R e s u l t s

6 .3 .1  O x id a t io n  o f  f r e e  and p r o t e i n  bound t h i o l  g roups exposed 

to  PMN

In  o r d e r  t o  d e t e r m i n e  w h e th e r  s c a v e n g i n g  o f  ox y g en  r a d i c a l s  by 

a lbum in  occu rred  v ia  t h i o l  group o x id a t io n ,  th e  t o t a l  number o f  t h i o l  

groups in  th e  a lbum in  p r e p a r a t io n  d e t e c t a b l e  by th e  t h i o l  group a s s a y  

(6.2.2) was measured b e fo re  and a f t e r  i t s  exposure  to  PMN w hich were 

r e s t i n g  o r  s t i m u l a t e d  by o p s o n i s e d  zym osan  o r  c h e m o t a c t i c  p e p t i d e .  

The e f f e c t s  o f  exposure  to  r e s t i n g  o r  s t i m u l a t e d  PMN on th e  m easu rab le  

t h i o l  c o n t e n t  o f  r e d u c e d  g l u t a t h i o n e  and o f  n o r m a l  s e ru m  w h ic h  had  

been  h e a t e d  a t  56°C f o r  30 m i n u t e s  t o  i n a c t i v a t e  c o m p le m e n t  w e re  

s i m i l a r l y  examined.

S t im u la t io n  o f  PMN by o p so n ised  zymosan -  e f f e c t  on t h i o l  

group o x id a t io n

C o m p a r iso n  was made o f  t h e  e f f e c t  o f  i n c u b a t i o n  a t  37°C f o r  

sev en ty  m inu tes  w i th  PMN s t im u la t e d  by o pson ised  zymosan on th e  t h i o l  

c o n t e n t  o f  (a )  M/6 (w /v )  human se ru m  a l b u m in ,  (b) 50% ( v / v )  h e a t  

t r e a t e d  se rum  and (c )  300pM r e d u c e d  g l u t a t h i o n e  (T a b le  3 1 ) .  I n  

c o n t r o l  e x p e r im e n ts  th e  a lbum in ,  serum , o r  g lu a th io n e  were in c u b a te d  

w i t h  u n s t i m u l a t e d  PMN o r  w i t h  o p s o n i s e d  zym osan  a l o n e .  F o l l o w i n g  

in c u b a t io n  w i th  th e  s t im u la t e d  PMN th e  m easu rab le  t h i o l  c o n t e n t  o f  th e  

a lb u m in  p r e p a r a t i o n  was 17.9 + 1.9% (m ean + SEM, n = 3) l o w e r  t h a n  

t h a t  o f  a lbum in  exposed on ly  to  o p so n ised  zymosan b u t  n o t  c e l l s .  An 

even  l a r g e r  r e d u c t i o n  i n  t h e  m e a s u ra b le  t h i o l  c o n t e n t  o c c u r r e d  f o r  

s e ru m  (M6.6 + 1.5/6) and  f o r  g l u t a t h i o n e  (57.1  + 0.9%) (m ean + SEM, n = 

3). In  a l l  th r e e  p r e p a r a t io n s  t h e r e f o r e ,  exposure  to  s t i m u l a t e d  PMN 

r e s u l t e d  in  t h i o l  group o x id a t io n .  U n s t im u la te d  PMN caused  a  (M.5 +

2 I 4
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2.1/6) (mean + SEM, n = 3) r e d u c t io n  in  th e  m easu rab le  t h i o l  c o n te n t  o f  

h e a t  t r e a t e d  serum b u t  had no s i g n i f i c a n t  e f f e c t  on th e  t h i o l  c o n t e n t  

o f  a lbum in  o r  reduced  g lu t a th i o n e .

The r a t e  a t  which th e  m easu rab le  t h i o l  c o n te n t  o f  300pM reduced  

g lu t a th i o n e  was d ec re ase d  by exposure  to  op so n ised  zymosan s t i m u l a t e d  

PMN was examined in  a s e p a r a t e  e x p e r im en t  (F ig  78), com parison  b e in g  

made w i th  th e  m easu rab le  t h i o l  c o n te n t  o f  g l u t a th i o n e  exposed to  th e  

zymosan b u t  n o t  to  c e l l s .  The t h i o l  c o n te n t  d ec re ase d  by 124pM (48/6) 

i n  t h e  f i r s t  30 m i n u t e s  o f  e x p o s u r e  t o  t h e  s t i m u l a t e d  PMN and  

t h e r e a f t e r  d ec re ase d  more s lo w ly  such  t h a t  a f t e r  70 seconds t h e r e  was 

a r e d u c t i o n  o f  l67pM (69%) i n  t h e  m e a s u r a b l e  t h i o l  c o n t e n t .  The 

d i s p a r i t y  b e tw e e n  t h e  m e a su re d  and c a l c u l a t e d  t h i o l  c o n t e n t  o f  t h e  

r e d u c e d  g l u t a t h i o n e  n o t  e x p o s e d  t o  c e l l s  was a c c o u n te d  f o r  by 

s p o n ta n e o u s  o x i d a t i o n  o f  t h e  g l u t a t h i o n e  p r e p a r a t io n ,  m a in ta in e d  a t  

25°C fo r  two hours  p r i o r  to  use .

S t im u la t io n  o f  PMN by ch em o tac tic  p e p t id e  -  e f f e c t  on t h i o l  

group o x id a t io n

H av ing  d e m o n s t r a t e d  o x i d a t i o n  o f  f r e e  and  p r o t e i n  bound t h i o l  

g ro u p s  f o l l o w i n g  t h e i r  e x p o s u r e  t o  PMN s t i m u l a t e d  by o p s o n i s e d  

zymosan, th e  e f f e c t  o f  PMN s t i m u l a t e d  by c h e m o ta c t ic  p e p t id e  on th e  

m easurab le  t h i o l  c o n te n t  o f  456 (w/v) human serum album in  and 50% (v /v )  

h e a t  t r e a t e d  se ru m  was s i m i l a r l y  e x a m in e d  (T a b le  32 ).  F o l l o w i n g  

in c u b a t io n  w i th  th e  s t im u la t e d  PMN th e  m easu rab le  t h i o l  c o n te n t  o f  th e  

se ru m  p r e p a r a t i o n  was 23*2 + 6.4% (n = 3> mean + SEM) l o w e r  t h a n  t h a t  

o f  se ru m  e x p o se d  o n ly  t o  c h e m o t a c t i c  p e p t i d e ,  b u t  n o t  t o  c e l l s  

(p< 0 .0 5 ) .  F o r  456 (w /v )  a lb u m in  a d e c r e a s e  by o n ly  8.9 + 1.656 (n = 3, 

mean + SEM) o c c u r r e d  (p > 0.3) ( n o t  s i g n i f i c a n t ) .  U n s t i m u l a t e d  PMN 

c a u s e d  a 10.7 + 2.656 (n = 3> mean + SEM) r e d u c t i o n  i n  t h e  m e a s u r a b l e

2I6
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F ig u re  7 8  Rate o f  d e c re a se  in  m easurab le  t h i o l  group
c o n c e n t r a t i o n  o f  reduced  g l u t a th i o n e  fo l lo w in g  
exposure  to  o pson ised  zymosan s t im u la t e d  
PMN

The graph  shows th e  t h i o l  group c o n c e n t r a t i o n  
(measured in  DTNB a s s a y ,  6 .2 .2 )  i n  th e  s u p e r n a ta n t s  
( o b ta in e d  by c e n t g i f u g a t io n  a t  10,000g f o r  
2 mins) from 5x10 PMN/ml s t im u la t e d  by 2mg/ml 
o pson ised  zymosan in  th e  g re sen ce  o f  300jiM 
reduced  g lu t a th i o n e  a t  37 C f o r  0-70 m in u te s .  
Comparison i s  made w ith  th e  m easurab le  t h i o l  
c o n te n t  o f  g lu t a th i o n e  exposed to  zymosan, 
b u t  n o t  c e l l s .  P o in t s  r e p r e s e n t  th e  means 
o f  th r e e  o b s e rv a t io n s  ( e r r o r s  too  sm a l l  to  
d e m o n s t ra te ) .  Krebs medium, pH 7 .^ -



Ta
bl
e 

32 
- 

Ox
id
at
io
n 

of 
pr
ot
ei
n 

bo
un
d 

th
io
l 

gr
ou
ps
 

by 
ch
em
ot

ac
ti

c 
pe
pt
id
e 

st
im
ul
at
ed
 

PM
N

in

o o

X o
CO (X «- ex

CM w
in  c

rH tH
a -p

2  -P TJ 
E  O fH 
VO B  +> 
o  a) a

co in  in
CM

o
X o

t -  ex

•H
4-> a)
O TJ rt *H

S - p -p  
3 ^ o  ex 
« - B  a> 

id ex

•H > -p
-P V. ej 

o  a> 
in  .c

8 ** 3 0)
** £ a> Vi« a»

u  n
£  -s 
® &TJ

e  T3 T l u
§  g £  o  
B  13 a> * -  
3 a> »•'•c t

' * 8 5
-P  c  O B

£
TJ

~  £=t *-
ViO
n

-p
Ca> «>
if *

a) * -

B S +1
a>V

s ?
TJ "Jf 0) co o ®
•o ■*»
u  aft) a>£ -C

m > nRJ Vs
CQm
0) R>
43.5
bo B 
C 3  •H
m  rH 
&  RJ

n
c

►» g0)
n  B
TJa) a>
-P CCd o

•-*
i  *•H (Q
■p rH
«  rH
rH ®
B °
!S ** 
1 °
Pi n
VO 2
° H
x  2co B

O W4-> a>
oj .c
t .p a -
3 •
w v t--
o  oex snx  .» ex
® c
u V , B

3
•H E •H
Q> TJ
£  o 0)
■P C- B

217



t h i o l  c o n te n t  o f  h e a t  t r e a t e d  serum (p < 0.05) and had no s i g n i f i c a n t  

e f f e c t  on th e  t h i o l  c o n te n t  o f  a lbum in .

T hus  PMN, s t i m u l a t e d  e i t h e r  by o p s o n i s e d  z y m o s a n  o r  by 

c h e m o t a c t i c  p e p t i d e ,  o x i d i s e d  se ru m  and  a l b u m in  t h i o l  g r o u p s .  

O p so n ise d  zym osan  s t i m u l a t i o n  c a u s e d  m ore t h i o l  o x i d a t i o n  t h a n  

c h e m o ta c t ic  p e p t id e .  This  was a t t r i b u t e d  to  th e  r e l a t i v e  s i z e  o f  th e  

r e s p i r a t o r y  b u r s t  a s  m o n i to r e d  by l u m i n o l  c h e m i l u m i n e s c e n c e .  I n  

t r a c e s  produced by th e  same c o n c e n t r a t i o n  o f  s t i m u l i ,  t h e  maximum peak 

h e ig h t  o f  th e  opson ised  zymosan t r a c e  was s i x  fo ld  l a r g e r  th a n  t h a t  o f  

t h e  c h e m o t a c t i c  p e p t i d e  ( F ig  79 ) .  U n s t i m u l a t e d  PMN c a u s e d  no 

o x i d a t i o n  o f  r e d u c e d  g l u t a t h i o n e  o r  a l b u m in  t h i o l  g r o u p s  ( T a b l e s  31 

and 32) bu t a  5% and 11$ d e c re a se  in  m easu rab le  t h i o l  g roups  i n  serum 

d id  o c c u r  s u g g e s t i n g  t h a t  t h e  h e a t  t r e a t e d  s e ru m ,  w i t h  c o m p le m e n t  

i n a c t i v a t e d ,  i t s e l f  c a u s e d  PMN s t i m u l a t i o n  p o s s i b l y  v i a  a g g r e g a t e d  

1gG. ( c f .  3 .3 .4 ) .

D em ons tra t ion  o f  o x id a t io n  o f  a lbum in  t h i o l  g roups  by s t i m u l a t e d  

PMN t h u s  p r o v id e d  one p r o b a b l e  m e ch an ism  by w h ich  o x y g en  r a d i c a l  

s c a v e n g i n g  and  h e n c e  i n h i b i t i o n  o f  l u m i n o l  c h e m i l u m i n e s c e n c e  by 

a lbum in  cou ld  occur.

E f f e c t  o f  su p e ro x id e  d ism u tase  and sodium a z id e  an t h i o l  o x id a t io n

In  o r d e r  t o  d e m o n s t r a t e  t h a t  o x i d a t i o n  o f  t h i o l  g r o u p s  by 

s t i m u l a t e d  PMN r e s u l t e d  f rom  oxygen  r a d i c a l  s c a v e n g i n g  i t  was 

n e c e s s a ry  to  d em o n s tra te  th e  dependence o f  th e  o x id a t io n  on a t  l e a s t  

one r e a c t i v e  oxygen m e ta b o l i te  known to  r e s u l t  from th e  r e s p i r a t o r y  

b u r s t .  The e f f e c t s  o f  s u p e r o x i d e  d i s m u t a s e ,  and  m y e l o p e r o x i d a s e  

( c a t a l y s t  o f  h y p o c h lo r i t e  an ion  and s i n g l e t  oxygen fo rm a t io n  1.2.2) on 

g lu th a th io n e  t h i o l  o x id a t io n  were t h e r e f o r e  exam ined, (T ab le  33).

S u p e r o x id e  d i s m u t a s e  ( 1 0 -2 0 0 j ig /m l)  had no e f f e c t  on e i t h e r  

opson ised  zymosan o r  c h e m o ta c t ic  p e p t id e  s t im u la t e d  t h i o l  o x id a t io n .

2I8
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-  R e la t iv e  s i z e s  o f  o p so n ised  zymosan and ch e m o ta c t ic

p e p t id e  s t im u la t e d  PMN lum inol chem ilum inescence

t r a c e s
55x10 PMM/ml were s t im u la te d  by a d d i t i o n ,  a t  0 seco n d s ,  

o f  (a )  1mg/ml o pson ised  zymosan o r  (b) 0.1yuM c h e m o ta c t ic  

p e p t id e .  Krebs medium pH 7.4 (10% (v /v )  phospha te  

b u f fe re d  s a l i n e )  37°C, 10juM lum ino l.
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Sodium azide (> 5pM) provided potent inhibition of both (Table 33)•

6 .3 .2  Comparison o f  th e  e f f e c t s  o f  reduced  g l u t a th i o n e  and album in  

on PMN lum ino l chem ilum inescence

I f  th e  i n h i b i t i o n  o f  r e s t i n g  and s t im u la t e d  PMN ch em ilu m in escen ce  

by a lbum in  was to  be e x p la in e d  e n t i r e l y  v ia  oxygen r a d i c a l  scav en g in g  

by o x i d a t i o n  o f  i t s  t h i o l  g r o u p s ,  i t  was t o  be e x p e c t e d  t h a t  low  

m o l e c u l a r  w e ig h t  t h i o l  g r o u p s  w ou ld  h av e  a s i m i l a r  e f f e c t  on PMN 

lu m in o l  chem ilum inescence . The low m o lecu la r  w e igh t  t h i o l  compound 

reduced  g lu t a th i o n e  was t h e r e f o r e  examined.

When PMN were s t im u la t e d  by c h e m o ta c t ic  p e p t id e  in  th e  p re s e n c e  

o f  2% (w/v) d ia ly s e d  human serum a lbum in  (92.6 l̂iM t h i o l  g roups)  m in im a l 

i n h i b i t i o n  o f  f i r s t  p h a s e  and  m arked  i n h i b i t i o n  o f  s e c o n d  p h a s e  

l u m i n o l  c h e m i lu m in e s c e n c e  o c c u r r e d  (F ig .  80 (a)  and  (b ) )  a s  i n  

p re v io u s  ex p e r im en ts .  When s t i m u l a t i o n  o c c u r r e d  i n  t h e  p r e s e n c e  o f  

r e d u c e d  g l u t a t h i o n e ,  h o w e v e r ,  i t  was t h e  f i r s t  p h a s e  w h ic h  w as 

m a rk e d ly  i n h i b i t e d ,  w h i l e  t h e  s e c o n d  was r e l a t i v e l y  s p a r e d  ( F ig .  81

(c)) .  T h is  p r e f e r e n t i a l  i n h i b i t i o n  o f  th e  f i r s t  phase  o f  c h e m o ta c t ic  

p e p t id e  induced PMN chem ilum inescence  o c c u r r e d  t h r o u g h o u t  t h e  r a n g e  

O.ljiM -  1000jiM r e d u c e d  g l u t a t h i o n e  (Table 3*0- Lower c o n c e n t r a t i o n s  

(O.l^iM -  10jiM g lu t a th io n e )  caused  a  s m a l l  i n h i b i t i o n  o f  background PMN 

c h e m i lu m in e s c e n c e  (20-23/6) w h i l e  i n  t h e  r a n g e  100yuM -  1000yuM 

g lu t a th i o n e  an enhancement o f  up to  30% o ccu rred .

T h u s  t h e  e f f e c t  o f  r e d u c e d  g l u t a t h i o n e  on  PMN l u m i n o l  

chem ilum inescence  was th e  r e v e r s e  o f  th e  e f f e c t  o f  a lbum in  even though  

t h i o l  g r o u p s  on b o th  g l u t a t h i o n e  and  a lb u m in  had  b e e n  show n t o  be 

o x id i s e d  by s t im u la t e d  PMN. While t h i s  a p p a re n t  d is c re p a n c y  may be 

e x p l i c a b l e  by t h e  r e l a t i v e  i n a c c e s s i b i l i t y  o f  t h e  t h i o l  g r o u p  on 

a lb u m in  on a c c o u n t  o f  i t s  c o n v o l u t e d  q u a r t e r n a r y  s t r u c t u r e ,  t h e

2 20
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F ig u re  80 E f f e c t s  o f  album in and reduced  g lu t a t h i o n e  on c h e m o ta c t ic  
p e p t id e  induced  PMN lum inol, chem ilum inescence

In  each t r a c e  1/aM,_ ch em o tac tic  p e p t id e  was added a t  tim e 
0 seconds to  5x10 PMN/ml. The f i r s t  and second phases  
o f  th e  normal chem ilum inescence re sp o n se  a r e  c l e a r l y  
shown in  (A). The re sp o n se  in  th e  p re se n c e  o f  2% (w/v) 
human serum album in i s  shown in  (B) and t h a t  i n  th e  
p re sen ce  o f  100uM reduced  g l u t a t h i o n e  in  (C). Krebs 
medium, pH 1 A  , 37°C, 10juM lu m in o l .
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F igu re  81 E f f e c t  o f  sodium a z id e  on c h em o tac t ic  p e p t id e  
s t im u la t e d  PMN chem ilum inescence

5
Chemiluminescence t r a c e s  produced by 5x10 PMN/ml 
s t im u la t e d  by 1pM c h em o tac t ic  p e p t id e  in  th e  p re se n c e  
(d o t t e d  l i n e )  and absence  (unbroken l i n e )  o f  5uM 
sodium az id e .  
lu m in o l.

Krebs medium, pH 7 .4 ,  37 C, 10juM
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p o s s i b i l i t y  a l s o  e x i s t e d  t h a t  a lb u m in 's  i n h i b i t o r y  e f f e c t  on lu m in o l  

c h e m i lu m in e s c n c e  may h ave  b een  m e d ia t e d  by r e a c t i o n  o f  t h e  oxygen  

r a d i c a l s  w i th  a n o th e r  m oie ty  (6 .1 .) .

I n  o r d e r  t o  d e t e r m i n e  w h e th e r  t h e  oxygen  r a d i c a l  o r  r e a c t i v e  

oxygen  m e t a b o l i t e  w i t h  w h ic h  a lb u m in  r e a c t e d  t o  i n h i b i t  l u m i n o l  

chem ilum inescence  r e s u l t e d  from a m ye loperox idase  c a t a ly s e d  r e a c t i o n ,  

t h e  e f f e c t  o f  t h e  p e r o x i d a s e  i n h i b i t o r  s o d i u m  a z i d e  on  PMN 

chem ilum inescence  was in v e s t i g a t e d .  When PMN w ere p r e - in c u b a te d  w i th  

sodium a z id e  (1-5pM) p r i o r  to  s t i m u l a t i o n  w i t h  c h e m o t a c t i c  p e p t i d e ,  

p r e f e r e n t i a l  i n h i b i t i o n  o f  background PMN ch em ilu m in escen ce  and o f  th e  

s e c o n d  p h a s e s  o f  t h e  l u m i n o l  c h e m i lu m in e s c e n c e  r e s p o n s e  o c c u r r e d  

(Table 35, F ig . 81), a l th /o u g h  a t  a l l  c o n c e n t r a t i o n s  o f  a z id e  in  t h i s  

range  some i n h i b i t i o n  o f  th e  f i r s t  phase a l s o  o c c u rre d  ( c f  F ig .  81 and 

F ig  65 and Table 26 5.3.3 -  e f f e c t  o f  a lbum in ) .  By c o n t r a s t ,  when PMN 

were p r e - in c u b a te d  w i th  su p e ro x id e  d is m u ta se ,  p r e f e r e n t i a l  i n h i b i t i o n  

o f  th e  f i r s t  phase o ccu rred  (F ig . 82).

6 .3 .3  Serum and S ynov ia l  f l u i d  t h i o l  l e v e l s  i n  p a t i e n t s  w i th  

rheum ato id  a r t h r i t i s

H av ing  d e m o n s t r a t e d  o x i d a t i o n  o f  t h i o l  g r o u p s  on a l b u m in  

f o l l o w i n g  e x p o s u r e  o f  t h e  m o l e c u le  t o  oxygen  r a d i c a l s  p r o d u c e d  by 

s t i m u l a t e d  PMN i n  v i t r o ,  i t  was now n e c e s s a r y  t o  d e t e r m i n e  w h e t h e r  

a lbum in  underw ent s i m i l a r  s t r u c t u r a l  m o d i f i c a t i o n  by s c a v e n g i n g  o f  

oxygen r a d i c a l s  in  in f lam m ato ry  d i s e a s e  in  v ivo .

D e p r e s s i o n  o f  se ru m  t h i o l  l e v e l s  i n  p a t i e n t s  w i t h  r h e u m a t o i d  

a r t h r i t i s  was w e l l  r e c o g n i s e d  ( L o r b e r  e t  a l  1964; Thomas and  E vans  

1975) and a s  a lb u m in  was known t o  a c c o u n t  f o r  t h e  m a j o r i t y  o f  s e ru m  

t h i o l  l e v e l s  ( Jo c e ly n  1970) c i r c u m s t a n t i a l  ev id en ce  o f  a lb u m in  t h i o l  

o x id a t io n  in  rheum ato id  a r t h r i t i s  a l r e a d y  e x i s t e d .  The m o s t  l i k e l y
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F ig u re  82 E f f e c t  o f  su p e ro x id e  d ism utase  on ch e m o ta c t ic  
p e p t id e  s t im u la t e d  PMN chem ilum inescence

5
Chemiluminescence t r a c e s  produced when 5x10 PMN/ml 
were s t im u la t e d  by O.ljiM c h em o tac t ic  p e p t id e  in  
th e  p re sen ce  (d o t t e d  l i n e )  and absence  (unbroken  
l i n e )  o f  200ug/ml su p e ro x id e  d ism u ta se .  Krebs 
medium, pH 7 -4 ,  37°C, 10jaM lu m in o l.

^



a n a t o m i c a l  l o c a t i o n  f o r  a lb u m in  t o  e n c o u n t e r  o x y g en  r a d i c a l s  was 

h o w ev e r  t h e  s y n o v i a l  f l u i d  o f  a f f e c t e d  j o i n t s  w h e re  PMN and t h e i r  

s t i m u l i  a r e  in  p l e n t i f u l  supp ly  (1,3.1).

The a im  o f  t h e  p r e l i m i n a r y  s t u d y  d e s c r i b e d  i n  t h i s  s e c t i o n  was 

t h e r e f o r e  t o  e x a m in e  r h e u m a to id  s y n o v i a l  f l u i d  ( w i t h  f l u i d  f ro m  

p a t i e n t s  w i th  n o n - in f lam m a to ry  a r t h r i t i s  a s  c o n t r o l s )  f o r  ev id en ce  o f  

a lbum in  t h i o l  o x id a t io n  by a t t e m p t in g  to  c o r r e l a t e  any d e p re s s io n  in  

a l u m in  t h i o l  l e v e l s  w i t h  t h e  s y n o v i a l  f l u i d  c e l l  c o u n t  a n d ,  w h e re

a v a i l a b l e ,  o th e r  m arkers  o f  i n t r a  a r t i c u l a r  d i s e a s e  a c t i v i t y .
\

S y n o v i a l  f l u i d  w as  a v a i l a b l e  f r o m  f o u r  p a t i e n t s  w i t h  

o s t e o a r t h r i t i s / p o s t  menisectom y e f f u s io n s ,  and t h i r t e e n  p a t i e n t s  w i th  

s e r o p o s i t i v e  e r o s iv e  rheum ato id  a r t h r i t i s ,  seven o f  whom r e c e iv e d  on ly  

a n t i - in f l a m m a to r y  drug  th e ra p y  and s i x  o f  whom a l s o  r e c e iv e d  th e  t h i o l  

c o n ta in in g  a n t i r h e u m a t ic  d rugs gold  and D -p e n ic i l l a m in e .  In  a d d i t i o n  

serum was a v a i l a b l e  from s i x  p a t i e n t s  w i th  rh eu m a to id  a r t h r i t i s  and 

from e le v e n ,  non age matched normal c o n t r o l s .

The d i s t r i b u t i o n  o f  t o t a l  serum and s y n o v ia l  f l u i d  t h i o l  l e v e l s  

in  th e s e  c a t e g o r i e s  i s  shown in  F ig . 83. W hile , in  ag reem en t w i th  th e  

o b s e rv a t io n s  o f  o th e r s ,  serum t h i o l  l e v e l s  in  p a t i e n t s  w i th  rh eu m a to id  

a r t h r i t i s  w ere  l o w e r  t h a n  t h o s e  o f  n o rm a l  s u b j e c t s ,  w i t h i n  t h e  

s y n o v ia l  f l u i d s  th e  lo w e s t  v a lu e s  were found u n ex p e c te d ly  i n  th e  non

in f l a m m a t o r y  o s t e o a r t h r i t i s / p o s t  m e n is e c to m y  g r o u p s .  A s i m i l a r  

d i s t r i b u t i o n  was observed  when th e  t h i o l  c o n c e n t r a t i o n  was ex p re s se d  

a s  j i m o le s  t h i o l / g r a m m e  o f  a lb u m in  i n  t h e  s y n o v i a l  f l u i d  o r  s e ru m  

s a m p l e s  ( F ig  84 ) .  When t o t a l  s y n o v i a l  f l u i d  t h i o l  l e v e l s  w e re  

c o r r e l a t e d  w ith  th e  s y n o v ia l  f l u i d  c e l l  co u n ts  (which were a v a i l a b l e  

i n  th e  fo u r  o s t e o a r t h r i t i c / p o s t  menisectom y p a t i e n t s  and s i x  p a t i e n t s  

w i th  rheum ato id  a r t h r i t i s )  a weakly p o s i t i v e  c o r r e l a t i o n  was o b ta in e d  

(F ig . 85) r a t h e r  th a n  th e  p r e d ic te d  n e g a t iv e  c o r r e l a t i o n .
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F ig u re  83 -  Comparison o f  sy n o v ia l  f l u i d  and serum t o t a l  t h i o l  

l e v e l s  in  rheum ato id  p a t i e n t s , norm als and non 

in flam m atory  a r th r o p a th y  c o n t r o l s .

DTNB was used to  measure th e  reduced  t h i o l  c o n c e n t r a t i o n s  

in  serum o r  s y n o v ia l  f l u i d  (SF) sam ples o b ta in e d  from 

normal s u b j e c t s ,  p a t i e n t s  w ith  rheum ato id  a r t h r i t i s  

(RA) and p a t i e n t s  w ith  o s t e o a r t h r i t i s  (OA) o r  who had 

r e c e n t l y  undergone knee menisectomy. P a t i e n t s  w ith  

RA were su b d iv id e d  by th e ra p y  a s  in d i c a t e d .  P o in t s  

r e p r e s e n t  th e  mean o f  d u p l i c a t e  o b s e r v a t io n s .
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F ig u re  84 -  Comparison o f  th e  c o n c e n t r a t io n  o f  t h i o l  groups/gramme

album in in  sy n o v ia l  f l u i d  and serum from rheum ato id  p a t i e n t s ,  

norm als and non-in flam m atory  a r th r o p a th y  c o n t r o l s .

(SF -  s y n o v ia l  f l u i d )

RA -  rheum ato id  a r t h r i t i s  

OA -  o s t e o a r t h r i t i s )

P o in t s  r e p r e s e n t  mean o f  d u p l i c a t e  sam ples .
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F ig u re  85 -  Comparison o f  s y n o v ia l  f l u i d  t h i o l  l e v e l s  and c e l l  

coun ts  in  rheum ato id  p a t i e n t s  and non -in f lam m ato ry  

a r th r o p a th y  c o n t r o l s .

(A) -  non -in f lam m ato ry  (p o s t  menisectomy o r  
o s t e o a r t h r i t i s ) .

(A) -  rheum atoid  a r t h r i t i s



Some e x p l a n a t i o n  o f  t h e s e  f i n d i n g s  w a s  p r o v i d e d  by t h e  

o b s e rv a t io n  t h a t  on ly  a  w eakly p o s i t i v e  c o r r e l a t i o n  e x i s t e d  between 

s y n o v i a l  f l u i d  t h i o l  l e v e l s  and  s y n o v i a l  f l u i d  a l b u m in  o r  t o t a l  

p r o t e i n  c o n c e n t r a t i o n s  (F ig . 86 (a) and (b)). F u r th e r ,  when a b s o lu t e  

v a l u e s  o f  s y n o v i a l  f l u i d  a lb u m in  i n  t h e  t h r e e  g ro u p s  w e re  c o m p ared  

( F ig .  87 (b ))  no s i g n i f i c a n t  d i f f e r e n c e s  w e re  fo u n d .  When t h e  

c o n c e n t r a t i o n s  o f  n o n - a lb u m in  p r o t e i n  w e re  c o m p a re d ,  h o w e v e r ,  t h e  

c o n c e n t r a t io n  in  th e  n o n - in f lam m a to ry  o s t e o a r t h r i t i c / p o s t  m enisectom y 

group was found to  be s i g n i f i c a n t l y  low er th a n  t h a t  o f  th e  rh eu m a to id  

on a n t i - i n f l a m m a t o r y  t h e r a p y  g ro u p  (p << 0 .0 0 1 ) .  ( F ig .  87 ( a ) ) .  The 

c o n c e n t r a t io n  o f  non-a lbum in  p r o t e i n  in  th e  sy n o v ia l  f l u i d  o f  p a t i e n t s  

w i t h  r h e u m a to id  a r t h r i t i s  r e c e i v i n g  a n t i  r h e u m a t i c  t h e r a p y  w as o f  

in t e r m e d ia te  v a lu e .

I t  t h e r e f o r e  a p p e a r e d  l i k e l y  t h a t  a v a r i a b l e  p r o p o r t i o n  o f  t h e  

s y n o v i a l  f l u i d  t h i o l  l e v e l s  was b e i n g  c o n t r i b u t e d  t o  by non a lb u m in  

p r o t e i n  ( p e r h a p s  a g g r e g a t e d  IgG ). I f  t h i s  v a r i a b i l i t y  w as i n  t u r n  

superim posed  upon a  v a r i a b l e  deg ree  o f  a lbum in  t h i o l  o x id a t io n  w i th i n  

th e  t h r e e  g roups , th e  f a i l u r e  to  f in d  ev id en ce  o f  a lb u m in 's  scaveng ing  

r o l e  by t h i s  mechanism in  v ivo  would be e x p la in e d .

6 .4  D iscu ss io n

The main ach ievem ent o f  th e  e x p e r im e n ts  r e p o r te d  i n  t h i s  c h a p te r  

was t o  c o n f i r m  t h e  p r e v i o u s  i d e n t i f i c a t i o n  ( C h a p t e r  5) o f  a l b u m i n ' s  

oxygen r a d i c a l  scaveng ing  c a p a b i l i t y  by d e m o n s t r a t in g  t h a t  f o l l o w in g  

in c u b a t io n  w ith  s t im u la t e d  PMN in  v i t r o  up t o  18% o f  i t s  t h i o l  g roups  

w e re  o x i d i s e d .  T h i s  o x i d a t i o n  was i n h i b i t a b l e  by a z i d e ,  b u t  n o t  by 

su p ero x id e  d ism u ta se .  The low m o le c u la r  w e ig h t  t h i o l  compounds d id  

n o t  i n h i b i t  lu m in o l  dependent PMN ch em ilum inescence  in  th e  same manner 

a s  a lb u m in ,  h o w e v e r ,  a l t h o u g h  th e  i n h i b i t i o n  a c h i e v e d  by t h e  l a t t e r

2 25



400

CO
CL

g. 200

0  2 0  4 0  6 0  10 3 0  5 0  7 0
g / l  a lbumin g / l  total protein

r = 0 - 4 8  r = 0 - 5 4
p >  0 -  0 2  p > 0  01

F ig u re  86 -  R e la t io n s h ip  between sy n o v ia l  f l u i d  t h i o l

c o n c e n t r a t io n s  and (a)  album in c o n c e n t r a t i o n s  and

(b) t o t a l  p r o t e i n  c o n c e n t r a t i o n s  in  rheum ato id  p a t i e n t s

and non in flam m atory  a r th r o p a th y  c o n t r o l s .
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(B) r  RA.pat ien ts  on anti i n f l a m m a t o r y  d r u g s
(C) = R A patients  on a n t i r h e u m a t i c  d r u g s

F ig u re  87 -  Comparison o f  album in c o n c e n t r a t i o n s  w ith * n o n -a lb u m in '

p r o t e i n  c o n c e n t r a t i o n s  in  sy n o v ia l  f l u i d  from rheum ato id

p a t i e n t s  and non-in f lam m atory  a r th r o p a th y  c o n t r o l s



was reproduced  when PMN were s t im u la te d  in  th e  p re se n c e  o f  a z i d e .

Three q u e s t io n s  im m ediate ly  a r i s e

(a )  w h ich  r e a c t i v e  oxygen  m e t a b o l i t e ( s )  d o e s  a lb u m in 's  t h i o l  group 

scavenge?

(b) what p ro d u c ts  o f  t h i s  o x id a t io n  r e s u l t ?

(c )  w hat e v i d e n c e  i s  t h e r e  f o r  a p r o t e c t i v e  r o l e  f o r  a l b u m in  a s  an  

oxygen  r a d i c a l  s c a v e n g e r  i n  v iv o  i n  r h e u m a t o i d  a r t h r i t i s  o r  i n  

o th e r  in flam m atory  d i s e a s e s ?

I n h i b i t i o n  o f  s t im u la t e d  PMN t h i o l  o x id a t io n  by a z id e ,  b u t  n o t  by 

s u p e r o x i d e  d i s m u t a s e  s u g g e s t s  t h a t  t h e  r e a c t i v e  oxygen  m e t a b o l i t e  

r e s p o n s i b l e  f o r  t h e  o x i d a t i o n  r e s u l t e d  f ro m  a m y e l o p e r o x i d a s e  

c a t a l y s e d  r e a c t i o n  r a t h e r  t h a n  from  t h e  p r e s e n c e  o f  O2 *-  o r  i t s  

d i s m u t a t i o n  p r o d u c t s  ( 1 . 2 . 2 ) .  T he  p r i n c i p a l  r e a c t i v e  o x y g e n  

m e t a b o l i t e s  p ro d u c e d  by PMN m y e lo p e r o x id a s e  c a t a l y s e d  r e a c t i o n s  

c o m p r i s e  h y p o c h l o r i t e  a n i o n  (0C1“ ) and  s i n g l e t  o x y g en  ( A  g 0 2 ) 

(1 .2 .2 ,  F ig  5).

The p i c t u r e  i s  c o m p l i c a t e d ,  h o w e v e r ,  by t h e  f a c t  t h a t  so d iu m

a z id e ,  in  a d d i t i o n  to  be ing  a p e ro x id a se  enzyme i n h i b i t o r  (Rosen and
1

K l e b a n o f f  1976) i s  known t o  q u en ch  c e r t a i n  ( A g  C^) d e p e n d e n t  

r e a c t i o n s  ( H a s t y  e t  a l  1 9 7 2 ) .  I f  ( 1A g C^) i s  t h e  r a d i c a l  

r e s p o n s i b l e  f o r  t h i o l  o x i d a t i o n ,  s u p e r o x i d e  d i s m u t a s e  w o u ld  be 

expec ted  to  have an i n h i b i t o r y  e f f e c t  by l i m i t i n g  th e  a v a i l a b i l i t y  o f  

02*” t o  r e a c t  w i t h  a n d  OH*, a n d  t h e r e b y  p r o d u c e  A g 0 2

( r e a c t i o n s  (8) and  (9) c f  1 .2 .2 ) .

02 ‘" + H202 ---------- > ( 1 A g 02 ) + OH”* O H • ------------- (8)

02 *“ + OH’  > ( 1A g 02 ) + O H "--------------(9)

As su p e ro x id e  d ism u ta se  has a l s o  been shown however to  c a t a l y s e  

c e r t a i n  p e r o x i d a t i c  r e a c t i o n s  (H odgson and  F r i d o v i c h  1 9 7 5 ) ,  i t s
-I

a p p a r e n t  f a i l u r e  t o  i n h i b i t  ( A g  O2 ) m e d ia t e d  t h i o l  o x i d a t i o n  may
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r e s u l t  from  a  c o m p e n s a to r y  d i r e c t  c a t a l y s i s  o f  t h i o l  p e r o x i d a t i o n .  

Subsequent to  co m p le t io n  o f  th e  work o f  t h i s  t h e s i s ^ H a l l  e t  a l  (1984) 

dem o n stra ted  i n h i b i t i o n  o f  a g g re g a te d  gamma g lo b u l in  s t i m u l a t e d  PMN 

se ru m  t h i o l  o x i d a t i o n  by c a t a l a s e .  By r e m o v a l  o f  HgOg* c a ^a l a s e  

w ould, o f  c o u rs e ,  i n h i b i t  th e  fo rm a t io n  o f  ( A  g c y  by r e a c t i o n  (8).

The d i f f e r e n t  r a t e s  o f  r e a c t i o n  o f  DTNB w i t h  t h i o l  g r o u p s  on 

g l u t a t h i o n e  and  a l b u m in  ( F ig .  75) p r e s u m a b ly  r e f l e c t e d  t h e  r e l a t i v e  

i n a c c e s s i b i l i t y  o f  t h e  t h i o l  g ro u p  on a lb u m in  c o n s e q u e n t  upon  i t s  

convo lu ted  q u a te rn a ry  s t r u c t u r e .  The l a t t e r  may s i m i l a r l y  d e te rm in e  

which r e a c t i v e  oxygen m e ta b o l i t e  th e  album in t h i o l  can  r e a c t  w i th .

The d i f f e r i n g  e f f e c t s  o f  t h e  low  m o l e c u l a r  w e i g h t  t h i o l  

g lu t a th i o n e  and a lbum in  on PMN lu m in o l  ch em ilum inescence  (F ig .  80) may 

th e r e f o r e  be e x p la in e d  i f  ( i )  a d i f f e r e n t  r e a c t i v e  oxygen m e ta b o l i t e  

r e a c t s  w i th  th e  t h i o l  g roups on each , a n d /o r  ( i i )  a l t e r n a t i v e  m o i e t i e s  

on th e  t h i o l  c o n ta in in g  m o lecu le s  a r e  r e s p o n s ib le  f o r  t h e i r  i n h i b i t o r y  

a c t i o n s .  The d e m o n s t ra t io n  t h a t  su p e ro x id e  d ism u ta s e  p r e f e r e n t i a l l y  

i n h i b i t s  th e  f i r s t  phase  (Fig. 82) w h i le  a z id e  p r e f e r e n t i a l l y  i n h i b i t s  

th e  second phase (F ig . 81) o f  PMN lu m in o l  dependent ch em ilu m in escen ce  

s t r o n g ly  su g g e s ts  t h a t  a d i f f e r e n t  oxygen r a d i c a l  p red o m in a te s  i n  each  

b u t  u n f o r tu n a t e ly  does n o t  h e lp  to  d i s t i n g u i s h  betw een ( i )  and ( i i ) .

The p r e c i s e  r e a c t i v e  oxygen m e t a b o l i t e  w h ic h  a l b u m in  s c a v e n g e s  

v i a  t h i o l  o x i d a t i o n  h a s  t h e r e f o r e  n o t  b e e n  d e t e r m i n e d .  The i n t e r  

r e l a t e d  e f f e c t s  o f  s u p e r o x i d e  d i s m u t a s e ,  a z i d e  and  l u m i n o l  l e a v e  

l i t t l e  d o u b t  o f  t h e  d e p e n d e n c e  o f  t h e  t h i o l  o x i d a t i o n  on t h e  PMN 

r e s p i r a t o r y  b u r s t .  P r o b a b le  c a n d i d a t e s  a s  above  i n c l u d e  0C1” , 

( A g  0 2 ) and  H20 2 . L i p i d  p e r o x i d e s  p r o d u c e d  a s  a c o n s e q u e n c e  o f  

oxygen r a d i c a l  dependent c e l l  membrane l i p i d  p e r o x i d a t i o n  ( c f  1 .2 .3 )  

a l s o  h av e  t h e  p o t e n t i a l  t o  o x i d i s e  t h i o l  g r o u p s  h o w e v e r  ( L i t t l e  and  

O 'Brien 1968). CLearly  f u r t h e r  i n v e s t i g a t i o n  i s  r e q u i r e d ,  and may be
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f a c i l i t a te d  by th e  s tu d y  o f  m yeloperox idase  d e f i c i e n t  PMN.

Leaving a s id e  th e  q u e s t io n  o f  w h ic h  r e a c t i v e  oxygen  m e t a b o l i t e  

a lbum in  scavenges,  what o f  th e  consequences o f  t h i o l  o x id a t io n  t o  th e  

a lbum in  m olecu le?  The p ro d u c t  co r re sp o n d in g  th e  th e  h ig h e s t  o x id a t io n  

s t a t e  o f  t h e  s u l p h u r  a to m  i s  s u l p h o n i c  a c i d  (RSO^H) ( F ig .  88 ) .  T h e re  

a r e  many i n t e r m e d i a t e s  o f  w h ic h  t h e  d i s u l p h i d e  (RSSR) i s  t h e  l e a s t  

r e s i s t a n t  t o  f u r t h e r  o x i d a t i o n  and  t h u s  u n d e r  m i ld  o x i d i s i n g  

c o n d i t i o n s  i s  t h e  m a jo r  i f  n o t  t h e  o n ly  p r o d u c t .  ( J o c e l y n  1972).  

P e ro x id ase  c a t a ly s e d  o x id a t io n  o f  enzyme t h i o l  g roups t o  d i s u lp h i d e s ,  

s u lp h e n ic  o r  s u lp h o n ic  a c id s  may o ccu r  (Green and Stumpf 1946).

O x id a t io n  o f  a lb u m in 's  t h i o l  g roups to  a d i s u lp h id e  cou ld  r e s u l t  

i n  (a) i n t e r m o l e c u la r  d i s u lp h id e  re a r ra n g e m e n t  w i th  one o f  th e  o th e r  

c y s te in e  r e s id u e s ,  (b) d i m e r i s a t i o n  o f  a lbum in  o r  (c) mixed d i s u lp h i d e  

f o r m a t i o n  w i t h  non a lb u m in  c y s t e i n e  o r  g l u t a t h i o n e .  S u p p o r t i n g  

ev idence  f o r  th e  o c cu rren c e  o f  (b) and (c) in  v ivo  i s  p ro v id e d  f i r s t l y  

by th e  d e m o n s t r a t i o n  by P o u l i k  e t  a l  (1961) o f  a p r o t e i n  i n  50% o f  

n o r m a l  h u m an  s e r a ,  h a v i n g  t h e  a n t i g e n i c  and  c h r o m a t o g r a p h i c  

c h a r a c t e r i s t i c s  o f  an  a l b u m in  d im e r .  O th e r  w o r k e r s  h a v e  h o w e v e r  

shown t h a t  d i m e r i s a t i o n  o f  a l b u m in  i n c r e a s e s  w i t h  i n  v i t r o  s t o r a g e  

t im e  (Sogami e t  a l  1969). Secondly on ly  two t h i r d s  o f  serum a lb u m in  

h a s  a f r e e  t h i o l  g ro u p  ( d e s c r i b e d  a s  m e r c a p ta l b u m in )  (H ughes 19 4 7 ) ,  

th e  rem a in d er  does c i r c u l a t e  a s  a  mixed d i s u lp h i d e ,  p r i n c i p a l l y  w i th  

c y s te in e  (Thomas and Evans 1975). Even a l lo w in g  f o r  t h i s  th e  m easured  

t h i o l  c o n te n t  o f  th e  co m m erc ia lly  p rep a red  human serum a lbum in  used  i n  

t h i s  t h e s i s  (Table 31), was o n ly  50% o f  th e  p r e d ic te d  v a lu e  s u g g e s t in g  

t h a t  f u r t h e r  t h i o l  o x id a t io n  had o ccu rred  d u r in g  i t s  p ro d u c t io n .

I n c r e a s e d  m o l e c u l a r  h e t e r o g e n e i t y  o f  a l b u m i n  h a s  b e e n  

dem onstra ted  in  th e  s e r a  o f  p a t i e n t s  w i th  rheum a to id  a r t h r i t i s  (Reid 

and  F a r r  1964). R h e u m a to id  a r t h r i t i s  was a m o n g s t  t h e  g r o u p  o f
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in f lam m ato ry  a r t h r i t i d e s  and c o n n e c t iv e  t i s s u e s  d i s e a s e s  f i r s t  shown 

by L orber e t  a l  (1964) t o  be a s s o c i a t e d  w i th  d e c re a se d  l e v e l s  o f  serum 

t h i o l .  T h is  o b s e r v a t i o n  was l a t e r  c o n f i r m e d  by Thomas and  Evans 

(1975) whose r e s u l t s  f u r t h e r  d em o n s tra ted  t h a t  i n  norm al s e r a  a lbum in  

accoun ted  f o r  8 7 %  o f  th e  t o t a l  t h i o l  c o n c e n t r a t i o n ,  w i th  th e  re m a in d e r  

b e i n g  a c c o u n te d  f o r  i n  t h e  g l o b u l i n  f r a c t i o n s  ( o ^  g l o b u l i n  2 % ,  W  ^  

g l o b u l i n  3 % f p g l o b u l i n  4 ^ ,  $  g l o b u l i n  4%). T h i s  d i s t r i b u t i o n  o f  

t h i o l s  was m a in ta in e d  in  th e  s e r a  o f  rheum ato id  p a t i e n t s ,  a l th o u g h  th e  

t o t a l  t h i o l  c o n c e n t r a t io n  was reduced .

Thomas and Evans (1975) f u r t h e r  d em o n s tra ted  in c r e a s e d  l e v e l s  o f  

m ixed  d i s u l p h i d e  f o r m a t i o n  b e tw e e n  a lb u m in  and  c y s t e i n e  i n  t h e i r  

rh eum ato id  s e r a .  F o l lo w in g  th e  d e m o n s t ra t io n  in  t h i s  t h e s i s  o f  oxygen 

r a d i c a l  scaveng ing  by a lbum in  v ia  t h i o l  o x id a t io n ,  i t  t h e r e f o r e  seemed 

a p p r o p r ia t e  (6.3.3) to  exam ine rheum a to id  sy n o v ia l  f l u i d  f o r  ev id en ce  

o f  in c re a s e d  a lbum in  t h i o l  o x id a t io n  a s  i t  was th e re ^  in  th e  p re se n c e  

o f  p l e n t i f u l  PMN and t h e i r  s t i m u l i  t h a t  such o x id a t io n  would be most 

l i k e l y  to  occur.

U n fo r tu n a te ly  t h e r e  were two m ajor c o n s t r a i n t s  on t h i s  a t t e m p t .  

F i r s t l y  i n a d e q u a t e  p a t i e n t  n u m b e rs ,  and  s e c o n d ly  t h e  e x p e r i m e n t a l  

method used d id  n o t  a l lo w  s p e c i f i c  m easurem ent o f  th e  a lb u m in  t h i o l  

c o n c e n t r a t io n s .  While d e p r e s s io n  o f  se ru m  t h i o l  l e v e l s  i n  p a t i e n t s  

w i t h  r h e u m a to id  a r t h r i t i s  was d e m o n s t r a t e d ,  no  i n c r e a s e d  t h i o l  

o x i d a t i o n  i n  t h e  s y n o v i a l  f l u i d  was fo u n d .  An unknow n f a c t o r  w a s ,  

however, th e  c o n t r i b u t i o n  t o  th e  t o t a l  t h i o l  l e v e l s  o f  th e  non -a lbum in  

p r o t e i n  which was c o n s id e r a b ly  i n c r e a s e d  i n  t h e  r h e u m a t o i d  s a m p l e s  

(F ig .  87).

The rheum ato id  p a t i e n t s  were s u b d iv id e d  a c c o rd in g  to  t h e i r  drug  

t h e r a p y .  A n t i r h e u m a t i c  t h e r a p y  w i t h  t h e  d r u g s  g o l d  a n d  D- 

p e n i c i l l a m i n e  can  be f o l l o w e d  by a f a l l  i n  t h e  l e v e l  o f  r h e u m a t o i d
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f a c t o r  i n  se ru m  ( J a f f e  1965, S c o t t  1984, G o t t l i e b  e t  a l  1975) and  a 

r i s e  i n  t h e  l e v e l s  o f  s e r u m  t h i o l s  ( D ix o n  e t  a l  1 9 8 0 ) .  D- 

p e n i c i l l a m i n e  c o n ta in s  a re d u c e d  t h i o l  and  g o ld  ( a u r o t h i o m a l a t e )  i s  

m e ta b o l i s e d  to  th e  f r e e  t h i o l  c o n ta in in g  t h i o m a l a t e  i n  v iv o  (Rudge e t  

a l  1983, J e l l i u m  an d  M unthe 1980).  B o th  d r u g s  w o u ld  t h e r e f o r e  h a v e  

th e  p o t e n t i a l  t o  d i r e c t l y  scavenge oxygen r a d i c a l s  o r  to  p a r t i c i p a t e  

i n  t h i o l - d i s u l p h i d e  exchange r e a c t i o n s  w i th  p r o t e i n s .

The i n t r i g u i n g  p o s s i b i l i t y  e x i s t s  t h a t  oxygen r a d i c a l s  p roduced  

by s t i m u l a t e d  PMN may n o t  o n ly  o x i d i s e  t h i o l  g ro u p s  on a l b u m i n ,  b u t  

may a l s o  o x id i s e  im m unoglobulin  G t h i o l  g roups (0.2 t h i o l  m o le s /m o le s ,  

Buchwald and C onnell ,  1974) and t h a t  such s t r u c t u r a l  m o d i f i c a t i o n  may 

i n t e r f e r e  w i th  th e  f u n c t io n  and im m unogencity  o f  th e  m o le c u le ,  pe rh ap s  

g iv in g  r i s e  to  rh eum ato id  f a c t o r  fo rm a t io n  ( c f  1.3.2 and 1.3.3).

Summary

The r e s u l t s  o f  th e  ex p e r im e n ts  d e s c r ib e d  in  t h i s  c h a p te r  p ro v id ed  

c o n f i r m a t o r y  e v i d e n c e  o f  a r o l e  f o r  a lb u m in  a s  an  o x y g en  r a d i c a l  

s c a v e n g e r  by d e m o n s t r a t i n g  c o v a l e n t  s t r u c t u r a l  m o d i f i c a t io n  o f  th e  

m o lecu le ,  v ia  t h i o l  group o x id a t io n ,  fo l lo w in g  i t s  ex posu re  in  v i t r o  

t o  s t im u la t e d  PMN. A n a ly s is  o f  th e  e f f e c t s  o f  a lb u m in ,  g l u t a t h i o n e ,  

s u p e r o x i d e  d i s m u t a s e  and a z i d e  on t h e  f i r s t  and  s e c o n d  p h a s e s  o f  

c h e m o ta c t ic  p e p t id e  induced  PMN lu m in o l  ch em ilum inescence  a d d i t i o n a l l y  

a f fo rd e d  new p e r s p e c t iv e s  on th e  oxygen  r a d i c a l  g e n e r a t i n g  p a th w a y s  

r e s p o n s ib le  f o r  each  p h a s e :-

(a )  Up to  57% o x id a t io n  o f  t h i o l  g roups on 300pM reduced  g l u t a t h i o n e  

k% (v /v) a lbum in  and 5 8%  (v /v )  serum o c c u rre d  f o l lo w in g  ex p o su re  

t o  n o rm a l  PMN s t i m u l a t e d  by o p s o n i s e d  zym osan  o r  c h e m o t a c t i c  

p e p t id e  in  v i t r o .

(b) T h i s  o x i d a t i o n  was i n h i b i t e d  by a z i d e  b u t  n o t  by s u p e r o x i d e

2 3 0



d ism u ta se .

(c )  R educed g l u t a t h i o n e  i n h i b i t e d  t h e  f i r s t  p h a s e  o f  c h e m o t a c t i c  

p e p t id e  s t im u la t e d  PMN lu m in o l  chem ilum inescence  w hereas  a lbum in  

p r e f e r e n t i a l l y  i n h i b i t e d  th e  second p h ase .

(d) Superoxide d ism u ta se  p r e f e r e n t i a l l y  i n h i b i t e d  th e  f i r s t  phase  o f  

c h e m o t a c t i c  p e p t i d e  s t i m u l a t e d  PMN l u m i n o l  ch em ilu m in escen ce  

whereas a z id e  p r e f e r e n t i a l l y  i n h i b i t e d  th e  second p h a se .

(e )  E xam ination  o f  t h i o l  l e v e l s  in  rheum a to id  s y n o v ia l  f l u i d  sam ples  

f a i l e d  t o  p r o v i d e  e v i d e n c e  o f  i n  v iv o  a l b u m in  t h i o l  g ro u p  

o x id a t io n  in  th e  d i s e a s e .  The c o n t r i b u t i o n  to  th e  t o t a l  s y n o v ia l  

f l u i d  t h i o l  l e v e l s  a f fo rd e d  by non-a lbum in  p r o t e i n  (such a s  IgG) 

was, however, unknown.
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7.1 Introduction

E x p e r i m e n t s  r e p o r t e d  i n  t h e  p r e v i o u s  tw o  c h a p t e r s  h a v e  

d e m o n s t r a t e d  t h a t  a  num ber o f  a g e n t s  (n a m e ly  a l b u m i n ,  g l u t a t h i o n e ,  

a z i d e  and  s u p e r o x i d e  d i s m u t a s e )  p r e f e r e n t i a l l y  i n h i b i t  e i t h e r  t h e  

f i r s t  o r  th e  second phase  o f  PMN lu m in o l  dependent ch em ilu m in escen ce .  

While g lo b a l  i n h i b i t i o n  o f  bo th  p h ases  may .be a t t r i b u t a b l e  t o  oxygen 

r a d i c a l  s c a v e n g i n g ,  a num ber o f  a l t e r n a t i v e  e x p l a n a t i o n s  r e m a i n  

(C hapter 5). These in c lu d e  im pa irm en t o f  c e l l  v i a b i l i t y  and f u n c t io n ,  

i m p a i r e d  c e l l  s t i m u l u s  i n t e r a c t i o n  and  q u e n c h in g  o f  t h e  l u m i n o l  

e x c i t e d  s t a t e .  A s e l e c t i v e  i n h i b i t i o n  ( o r  e n h a n c e m e n t )  o f  o n ly  one 

phase o f  s t im u la t e d  PMN chem ilum inescence  i s ,  however, i n d i c a t i v e  o f  

oxygen  r a d i c a l  s c a v e n g i n g  o r  o t h e r  m o d i f i c a t i o n  o f  o x y g en  r a d i c a l  

g e n e r a t i n g  p a th w a y s .  A m e c h a n i s m  f o r  d e m o n s t r a t i n g  s i m i l a r  

c a p a b i l i t i e s  in  o th e r  compounds, such a s  d ru g s ,  i s  t h e r e f o r e  p ro v id ed .

Drugs commonly used in  th e  t r e a tm e n t  o f  p a t i e n t s  w i th  rh eu m a to id  

a r t h r i t i s  a r e  c o n v e n t i o n a l l y  d i v i d e d  i n t o  ' f i r s t  l i n e '  n o n - s t e r o i d a l  

a n t i  in f lam m ato ry  d rugs  and 'second l i n e '  a n t i  rh e u m a tic  d ru g s .  W hile 

many p o t e n t i a l l y  b e n e f i c i a l  a c t i o n s  o f  t h e s e  d r u g s  h a v e  b e e n  

i d e n t i f i e d  in  v iv o  ( in c lu d in g  p r o s ta g l a n d in  s y n th e ta s e  i n h i b i t i o n  and 

s t a b i l i s a t i o n  o f  l y s o s o m a l  m em branes  (T o m lin s o n  e t  a l  1972 , P e t e r s  

1973) t h e  b a s e s  o f  t h e i r  a c t i o n s  i n  v iv o  w h ic h  c o n t r i b u t e  t o  any  

o b s e r v e d  t h e r a p e u t i c  e f f e c t  h av e  n o t  b e e n  d e l i n e a t e d .  I f  o x y g en  

r a d i c a l s  do p la y  an im p o r ta n t  r o l e  in  th e  p a th o g e n e s is  o f  rh eu m a to id  

a r t h r i t i s  i t  may be e x p e c t e d  t h a t  a r e d u c t i o n  i n  t h e  r e l e a s e  o r  

subsequen t a v a i l a b i l i t y  o f  oxygen r a d i c a l s  produced by s t i m u l a t e d  PMN 

may c o n t r i b u t e  to  th e  e f f i c a c y  o f  some o r  a l l  o f  th e  d ru g s  i n  v ivo .

The a n t i  r h e u m a t i c  d r u g s  ( s u c h  a s  g o l d ,  D - p e n i c i l l a m i n e  and  

h y d r o x y c h lo r o q u i n e )  h av e  b een  g ro u p e d  t o g e t h e r  on a c c o u n t  o f  t h e i r  

s lo w  a c t i n g ,  d i s e a s e  m o d i f y in g  a c t i o n s  i n  v i v o  (G oddard  a n d  B u t l e r ,
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1984). I n  r e c e n t  y e a r s  i n c r e a s i n g  i n t e r e s t  h a s  b e e n  p a i d  t o  t h e  

o b s e r v a t i o n  t h a t  a l l  s u ch  d r u g s  e i t h e r  c o n t a i n  a  t h i o l  g ro u p  w i t h i n  

t h e i r  s t r u c t u r e  o r  can be r e a d i l y  m e ta b o l i s e d  to  one in  v iv o  (Drury e t  

a l  1984). E x p e r i m e n t s  i n  C h a p t e r s  5 and  6 o f  t h i s  t h e s i s  h a v e  

h ig h l ig h te d  th e  p o t e n t i a l  im p o r tan ce  o f  t h i o l  g roups  a s  s c a v e n g e rs  o f  

oxygen r a d i c a l s  in  v i t r o  and in  v ivo .

The aim o f  th e  e x p e r im e n ts  d e s c r ib e d  in  t h i s  c h a p te r  was t o  use  

PMN lu m in o l  chem ilum inescence  to  i n v e s t i g a t e  th e  p o t e n t i a l  f o r  t h r e e  

n o n - t h i o l  c o n t a in in g '  n o n s t e r o i d a l  a n t i - in f l a m m a to r y  d rugs  and t h r e e  

' t h i o l  c o n t a i n i n g '  a n t i - r h e u m a t i c  d r u g s  t o  d e c r e a s e  o xygen  r a d i c a l  

p r o d u c t i o n  by s t i m u l a t e d  PMN and  i n  p a r t i c u l a r  t o  do so  by o xygen  

r a d i c a l  scav en g in g .

The t h r e e  a n t i - i n f l a m m a t o r y  d r u g s  c o m p r i s e d  i b u p r o f e n ,  

indom ethac in  and fe n c lo fe n a c  ( th e  l a t t e r  was s u b s e q u e n t l y  w i t h d r a w n  

from p r e s c r i p t i o n  in  th e  U n ited  Kingdom by th e  Comm ittee o f  S a fe ty  o f  

M edicines  in  J u ly  1984). The th r e e  a n t i r h e u m a t ic  d rugs  com prised  D- 

p e n i c i l l a m i n e ,  and  tw o  p r e p a r a t i o n s  o f  g o ld  n a m e ly  a u r o t h i o m a l a t e  

( m y o c r i s i n )  f o r  i n t r a m u s c u l a r  a d m i n i s t r a t i o n ,  and  t h e  new o r a l  

t r i e t h y l  phosph ine gold  (a u ra n o f in )  (F ig s .  89 and 90).

7 .2  Methods

7 .2 .1  G eneral

F o r  l u m i n o l  d e p e n d e n t  c h e m i lu m in e s c e n c e  e x p e r i m e n t s  PMN w e re  

i s o l a t e d  from  n o rm a l  w h o le  b lo o d  a s  p r e v i o u s l y  d e s c r i b e d  (2 .9 ) .  

Opsonised zymosan was p re p a re d ,  and c h e m o ta c t ic  p e p t id e  and lu m in o l  

were d i l u t e d  in  Krebs medium from t h e i r  s to c k  s o lu t i o n s  i n  D.M.S.O. a s  

p r e v i o u s l y  d e s c r i b e d  (2 .5 , 2.2).

In  o r d e r  t o  i n v e s t i g a t e  t h e  e f f e c t s  o f  t h e  c h o s e n  d r u g s  on 

lu m in o l  dependent PMN chem ilum inescence ,  c e l l s  were p re  in c u b a te d  w i th
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e a c h  d ru g  ( o r  d ru g  d i l u e n t  a l o n e  f o r  c o n t r o l  p u r p o s e s )  f o r  5 m in  a t  

3 7 ° C  p r i o r  t o  a d d i t i o n  o f  s t i m u l u s .  C e l l s  w e re  s t i m u l a t e d  by t h e  

c o n c e n t r a t i o n  o f  c h e m o ta c t ic  p e p t id e  o r  op so n ised  zymosan p r e v io u s ly  

found to  g iv e  h a l f  maximal lu m in o l  chem ilum inescence  r e s p o n s e s  (3.3.2, 

3*3.3) in  o rd e r  t h a t  any enhanc ing  a s  w e l l  a s  i n h i b i t o r y  e f f e c t s  m igh t 

be d em o n s tra ted .  The e f f e c t s  o f  th e  d rugs on r e s t i n g  (background) PMN 

l u m i n o l  c h e m i l u m i n e s c e n c e  and  on t h e  f i r s t  and  s e c o n d  p h a s e s  o f  

s t im u la t e d  PMN chem ilum inescence  were d e te rm in e d  and where i n d i c a t e d  

were e x p re ssed  a s  a p e rc e n ta g e  o f  th e  mean o f  v a lu e s  o b ta in e d  in  th e  

a b s e n c e  o f  d ru g  o r  o f  t h e  c h e m i lu m in e s c e n c e  v a l u e  w h ic h  w o u ld  be 

expec ted  in  th e  absence  o f  drug  d e r iv e d  by i n t e r p o l a t i o n  o f  th e  t im e  

c o u r s e  (2 .1 2 ) .

7 .2 .2  Drug S o l u b i l i s a t i o n

A v a ila b le  d a ta  on in  v ivo  plasm a and s y n o v ia l  f l u i d  l e v e l s  o f  th e  

d r u g s  f o l l o w i n g  t h e i r  o r a l  o r  p a r e n t e r a l  a d m i n i s t r a t i o n ,  y i e l d e d  

v a lu e s  in  th e  range  0.18-62/ug/ml (0.3-219pM) (Table 36). In  o r d e r  to  

a t t a i n  t h e s e  c o n c e n t r a t i o n s  i n  v i t r o ,  t h e  c o n d i t i o n s  f o r  f u l l  

s o l u b i l i s a t i o n  o f  e a c h  d ru g  i n  K reb s  medium were c a r e f u l l y  d e f in e d .  

D -p e n ic i l la m in e ,  s o lu b le  in  w a te r  a t  10$ (w/v) a t  20°C ( D is ta ,  1983) 

was f r e e l y  s o lu b le  in  Krebs medium a l lo w in g  th e  fo rm a t io n  o f  a  ' s to c k  

s o l u t i o n '  in  th e  range  0.22 -  223pg/m l (15 -  1.5mM) pH7.4. I b u p r o f e n , 

n o rm ally  i n s o lu b l e  in  w a te r  (Boots, 1983) was k in d ly  p ro v id ed  by B oots  

PLC a s  th e  d ih y d ra te  s a l t  which was a l s o  found to  be f r e e l y  s o lu b l e  in  

Krebs medium, a l lo w in g  th e  fo rm a t io n  o f  's to c k  s o l u t i o n s '  i n  t h e  ran g e  

5 -  500pg/ml (2.42-2420pM) pH 7.4.

The rem a in in g  drugs  were e i t h e r  i n s o lu b l e  in  Krebs medium a lo n e ,  

o r  caused marked ca lc ium /m agnesium  s a l t  p r e c i p i t a t i o n .  F o l lo w in g  th e  

r e c o m m e n d a t i o n s  o f  Van D yke e t  a l  ( 1 9 7 9 )  f u l l  s o l u b i l i t y  o f  

i n d o m e th a c in  i n  K reb s  medium was a c h i e v e d  by f i r s t  d i s s o l v i n g  t h e
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O O *
d r u g s  i n  Ca + and  Mg f r e e  p h o s p h a t e  b u f f e r e d  s a l i n e  pH 7 .4 ,  

c o n ta in in g  1% (v /v)  DMSO, a l lo w in g  th e  fo rm a t io n  o f  s to c k  s o l u t i o n s  in  

t h e  r a n g e s  5 -  5 0 0 j i g / m l  ( 1 .4  -  1400 juM). S t o c k  s o l u t i o n s  o f  

a u r o t h i o m a l a t e , f r e e l y  s o l u b l e  i n  w a t e r  (May and  B a k e r ,  1983) w e re
p  p

fo rm e d  in  Ca + and  Mg f r e e  p h o s p h a t e  b u f f e r e d  s a l i n e  a l o n e  a t  

c o n c e n t r a t i o n s  i n  t h e  r a n g e  0 .5  -  5 0 0 p g /m l  (1 .3  -  128mM). D u r in g  

e x p e r im e n ts  b o th  indom ethac in  and a u ro th io m a la te  were f u r t h e r  d i l u t e d  

i n  K reb s  medium pH 7.4 w i t h o u t  v i s i b l e  c a l c i u m  o r  m agnes ium  

p r e c i p i t a t i o n .

F en c lo fe n ac  and a u ra n o f in  w ere i n i t i a l l y  s o l u b i l i s e d  in  100% DMSO 

g iv in g  s to c k  c o n c e n t r a t i o n s  in  th e  ran g es  0.5 -  50mg/ml (1.7 -  l68mM 

and 0.7 -  74mM r e s p e c t i v e l y ) .  On f u r t h e r  d i l u t i o n  1 :100  i n  K reb s  

medium pH 7 .4  no ca lc ium  o r  magnesium p r e c i p i t a t i o n  was v i s i b l e .

D u r in g  e x a m i n a t i o n  o f  t h e  e f f e c t s  o f  i n d i v i d u a l  d r u g s  on PMN 

lu m in o l  dependent chem ilum inescence  th e  c o n c e n t r a t i o n  o f  DMSO a n d /o r  

phosphate  b u f fe re d  s a l i n e  was m a in ta in e d  c o n s ta n t  (0.1 % (v/v)DMS0, 10% 

(v /v) phosphate  b u f fe re d  s a l i n e )  i r r e s p e c t i v e  o f  changes in  th e  drug 

c o n c e n t r a t io n .  W hile th e  p re se n c e  o f  phospha te  b u f f e r e d  s a l i n e  caused  

o n ly  m in im a l  i n h i b i t i o n  o f  t h e  f i r s t  p h a s e s  o f  c h e m o t a c t i c  p e p t i d e  

in d u c e d  PMN l u m i n o l  d e p e n d e n t  c h e m i lu m in e s c e n c e  (T a b le  37) t h e  

s i m u l t a n e o u s  p r e s e n c e  o f  0.1% DMSO ( v / v ) ,  a known s i n g l e t  o xygen  

s c a v e n g e r ,  c a u s e d  i n h i b i t i o n  o f  r e s t i n g  a n d  s t i m u l a t e d  PMN 

chem ilum inescence  w i th  p r e f e r e n t i a l  i n h i b i t i o n  o f  th e  f i r s t  phase  by 

50% (T a b le  37). The pH o f  a l l  d r u g  s o l u t i o n s  w as r i g o r o u s l y  

m a i n t a i n e d  a t  pH 7 .4 .  None o f  t h e  d r u g s  was fo u n d  t o  i m p a i r  l i g h t  

t r a n s m i s s i o n  o v e r  t h e  s p e c t r u m  o f  t h a t  e m i t t e d  by l u m i n o l  ( c . f .  F ig  

62, 5 .3 .2 )  (d a ta  n o t  shown).
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7.3 Results

7*3.1 Non s t e r o i d a l  a n t i - in f la m m a to ry  drugs

The a im  o f  t h e  e x p e r i m e n t s  d e s c r i b e d  in  t h i s  s e c t i o n  was t o  

d e t e r m i n e  w h e th e r  any  o f  t h e  t h r e e  non s t e r o i d a l  a n t i  i n f l a m m a t o r y  

d r u g s  ( f e n c l o f e n a c ,  i b u p r o f e n  o r  i n d o m e th e c in )  w o u ld  i n h i b i t  ( o r  

enhance) th e  lu m in o l  ch em ilum inescence  o f  PMN which w ere r e s t i n g  o r  

s t im u la t e d  by c h e m o ta c t ic  p e p t id e  o r  opson ised  zymosan in  h a l f  maximal 

d o s a g e  (3 .3 .2 ) .  The c o n c e n t r a t i o n s  o f  d r u g s  c h o s e n  w e re  b o th  t h o s e  

found  i n  p la s m a  and  s y n o v i a l  f l u i d  f o l l o w i n g  o r a l  o r  p a r e n t e r a l  

a d m i n i s t r a t i o n  (Table 36), and h ig h e r  c o n c e n t r a t i o n s  w hich  may o ccu r  

a t  c e l l u l a r  m i c r o l o c a t i o n s  i n  v iv o  (P e n n e y s  e t  a l  1976).  The d r u g s  

w e re  p r e - i n c u b a t e d  w i t h  t h e  c e l l s  a t  37°C f o r  5 m i n u t e s  p r i o r  t o  

s t i m u l a t i o n  a n d  a n y  i n h i b i t o r y  o r  e n h a n c i n g  e f f e c t s  on  PMN 

chem ilum inescence  were a s s e s s e d : -

(a )  by t h e  p e r c e n t a g e  c h a n g e  i n  t h e  v a l u e  o f  r e s t i n g  

PMN c h e m i lu m in e s c e n c e  when co m p ared  w i t h  t h a t  

o c c u r r in g  in  th e  absence  o f  d rug  ( = 100/6)

(b) by p e r c e n t a g e  c h a n g e  i n  t h e  p eak  h e i g h t  o f  t h e  

s t im u la t e d  PMN ch em ilum inescence  t r a c e  ( e q u iv a le n t  

to  peak h e ig h t  o f  second phase)

and

(c)  by c o m p a r i s o n  o f  t h e  d e g r e e  o f  any  i n h i b i t i n g  o r  

enhancing  e f f e c t  o f  a drug  on th e  f i r s t  and second 

phases  o f  s t im u la t e d  PMN chem ilum inescence .

R e s t in g  (background) PMN Chemiluminescence

I b u p r o f e n  h a d  no  c o n s i s t e n t  e f f e c t  ( T a b l e  40  a n d  4 1 ) .  

F en c lo fen ac  caused an enhancement which was n o t  dose dependen t (T ab les  

38 and 39). Indom ethacin  was i n h i b i t o r y  on ly  a t  h ig h  c o n c e n t r a t i o n s
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not found in vivo (Table 42, 43 and 36).

S tim u la te d  PMN chem ilum inescence

Each o f  t h e  non s t e r o i d a l  a n t i  i n f l a m m a t o r y  d r u g s  when p r e 

i n c u b a t e d  w i t h  PMN a t  c o n c e n t r a t i o n s  fo u n d  i n  v iv o  ( T a b le  44) 

i n h i b i t e d  t h e  p eak  h e i g h t  o f  c h e m o t a c t i c  p e p t i d e  s t i m u l a t e d  PMN 

chem ilum inescence  by a p p ro x im a te ly  30%. When c e l l s  were s t i m u l a t e d  by 

o pson ised  zymosan on ly  f e n c lo fe n a c  i n h i b i t e d  -  by 20% (T able  4 4 ) .

When t h e  d e g r e e s  o f  i n h i b i t o n  o f  b o th  p h a s e s  w ere  co m p a re d  f o r  

c e l l s  s t im u la t e d  by c h e m o ta c t ic  p e p t id e ,  in d o m eth ac in  and f e n c lo fe n a c  

were found to  i n h i b i t  b o th  p h ase s ,  th e  i n h i b i t i o n  o f  th e  second phase  

b e in g  s l i g h t l y  i n  e x c e s s  o f  t h a t  o f  t h e  f i r s t  p h a s e  f o r  b o th  d r u g s  

(p<0.05) (T ab les  38 and 42). With ib u p ro fe n ,  p r e f e r e n t i a l  i n h i b i i t o n  

o f  t h e  s e c o n d  p h a s e  was o n ly  o b s e r v e d  a t  h ig h  c o n c e n t r a t i o n s  o f  t h e  

drug (500pg/ml) n o t  found in  v ivo  in  p lasm a o r  s y n o v ia l  f l u i d  (p<0.05, 

T a b l e  4 0 ) .  When c e l l s  w e r e  s t i m u l a t e d  by o p s o n i s e d  zym osan  

p r e f e r e n t i a l  i n h i b i t i o n  o f  t h e  s e c o n d  p h a s e  o n ly  o c c u r r e d  w i t h  

indom ethac in  and a t  a c o n c e n t r a t i o n  (50jjg/m l, 140jjM) h ig h e r  th a n  t h a t  

found in  p lasm a o r  s y n o v ia l  f l u i d  (T ab les  39, 41, 43).

7 .3 .2  A n ti- rh e u m a t ic  d rugs

The e f f e c t s  o f  t h e  a n t i  r h e u m a t i c  d r u g s  D - p e n i c i l l a m i n e ,  

a u ra n o f in  and a u r o th io m a la te  on r e s t i n g  and s t i m u l a t e d  PMN l u m i n o l  

chem ilum inescence were s i m i l a r l y  a s s e s s e d .

R e s t in g  (background) PMN chem ilum inescence

A lth o u g h  n o t  i n h i b i t o r y  a t  c o n c e n t r a t i o n s  o f  t h e  d r u g  fo u n d  i n  

v ivo  (Table 45), 150 and 1500jiM D -p e n ic i l l a m in e  enhanced PMN r e s t i n g  

chem ilum inescence  by up to  130%. Both a t  c o n c e n t r a t i o n s  o f  th e  d rug  

fo u n d  in  v iv o  and a t  h i g h e r  c o n c e n t r a t i o n s  ( T a b l e s  46 a n d  47) 

a u ro th io m a la te  showed no s i g n i f i c a n t  enhancement o r  i n h i b i t i o n  o f  PMN

2 4 4
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r e s t i n g  chem ilum inescence  (mean 116$, ran g e  89-190$, n = 17 [no drug  = 

1 0 0 $ ]) .  A u r a n o f i n ,  h o w e v e r ,  e x e r t e d  a d o se  d e p e n d e n t  i n h i b i t o r y

t h e  mean p la s m a  c o n c e n t r a t i o n  fo u n d  i n  v iv o  (T a b le  36) i n h i b i t e d  

c h e m i lu m in e s c e n c e  by 38.7  + 6.8$ (m ean + SD, n = 3) w h i l e  5 0 jig /ra l  

(74jiM) i n h i b i t e d  chem ilum inescence  by > 99$ (Table 48).

S t im u la te d  PMN chem ilum inescence

Of t h e  t h r e e  a n t i  r h e u m a t i c  d r u g s ,  a t  c o n c e n t r a t i o n s  fo u n d  i n  

v iv o ,  o n ly  a u r a n o f i n  c a u s e d  i n h i b i t i o n  o f  t h e  p e a k  h e i g h t  o f  

c h e m o ta c t ic  p e p t id e  s t im u la t e d  PMN chem ilum inescence . T h is  was dose 

dependent such t h a t  0.74pM a u r a n o f i n  ( t h e  mean p la s m a  c o n c e n t r a t i o n  

found in  v ivo) i n h i b i t e d  th e  peak h e ig h t  by 57.7 + 16.6$ (mean + SD, n 

= 3) ( T a b le s  44 and  4 8 ) .  A u r a n o f in  (0.74ytiM) a l s o  a c h i e v e d  a 27$ 

i n h i b i t o n  o f  t h e  p eak  h e i g h t  o f  o p s o n i s e d  zym osan  s t i m u l a t e d  PMN 

chem ilum inescence .  The e f f e c t  o f  D -p e n ic i l l a m in e  on o p so n ised  zymosan 

s t im u la t d  c e l l s  was n o t  examined. The e f f e c t  o f  a u r o th io m a la te  was 

no t examined a t  c o n c e n t r a t i o n s  o f  th e  drug  found in  v iv o  (Tab le  47).

At c o n c e n t r a t i o n s  o f  d r u g s  ab o v e  t h o s e  fo u n d  i n  p la s m a  and  

s y n o v i a l  f l u i d  i n  v i v o  (T a b le  3 6 ) ,  a u r a n o f i n  a g a i n  i n h i b i t e d  p e a k  

h e ig h t  chem ilum inescence  f o r  bo th  s t i m u l i  in  dose dependen t f a s h io n  

( T a b le s  48 and  49 ) .  D - p e n i c i l l a m i n e  (1500jiM) c a u s e d  a s l i g h t  

enchancem ent (109 + 3.5$, n=3) (Table 45). A u ro th io m a la te  caused  dose 

d e p e n d e n t  i n h i b i i t o n  o f  t h e  p eak  h e i g h t  o f  o p s o n i s e d  zy m o san  

s t i m u l a t e d  PMN c h e m i lu m in e s c e n c e  (1.3jiM a u r o th io m a la te  c a u s in g  37$ 

i n h i b i t o n )  b u t  e n h a n c e d  t h e  p eak  h e i g h t  o f  c h e m o t a c t i c  p e p t i d e  

s t i m u l a t e d  PMN c h e m i lu m in e s c e n c e  (1.3mM a u r o th io m a la te  enh an c in g  by 

165 + 12.1$ (mean + SD, n = 3) ( F ig  91 ) .

When th e  degree  o f  i n h i b i t i o n  o r  enchancem ent o f  b o th  p h a se s  o f  

t h e  s t i m u l a t e d  c h e m i lu m in e s c e n c e  t r a c e s  was c o m p a re d ,  t h e  m o s t

e f f e c t  on PMN r e s t i n g  chem ilum inescence ,  such t h a t

25!
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s i g n i f i c a n t  d i f f e r e n c e s  o ccu r red  w ith  th e  drug D -p e n ic i l l a m in e .  W hile 

e x e r t in g  no e f f e c t  on th e  peak h e ig h t  chem ilum inescence  o f  c h e m o ta c t ic  

p e p t id e  s t im u la t e d  c e l l s ,  t h i s  drug i n h i b i t e d  th e  f i r s t  phase  in  dose 

dependent fa s h io n  (Table  45), bo th  a t  c o n c e n t r a t i o n s  found in  v iv o  and 

above.

A uranofin  i n h i b i t e d  both  f i r s t  and second phases  o f  c h e m o ta c t ic  

p e p t id e  and o pson ised  zymosan s t im u la t e d  chem ilum inescence ,  th e  e f f e c t  

b e ing  more profound on th e  second phase (T ab les  48 and 49, F ig s  92 and 

93 ) .  The ab o v e  m e n t io n e d  e n h a n c e m e n t  o f  c h e m o t a c t i c  p e p t i d e  

s t i m u l a t e d  PMN c h e m i lu m in e s c e n c e  a c h i e v e d  by a u r o t h i o m a l a t e ,  a t  

c o n c e n t r a t i o n s  ab o v e  t h o s e  fo u n d  i n  p la s m a  and  s y n o v i a l  f l u i d ,  

p r e f e r e n t i a l l y  a f f e c t e d  t h e  s e c o n d  p h a s e  (T a b le  46 ,  F ig  91 ) .  No 

d i f f e r e n c e s  b e tw e e n  t h e  tw o  p h a s e s  w e re  n o t e d  f o r  t h e  i n h i b i t o r y  

e f f e c t  o f  t h i s  d r u g  on  o p s o n i s e d  z y m o s a n  s t i m u l a t e d  PMN 

chem ilum inescence.

7 .4  D iscu ss io n

In  th e  e x p e r im e n ts  d e s c r ib e d  in  t h i s  c h a p te r  th e  e f f e c t s  o f  t h r e e  

non s t e r o i d a l  a n t i - in f l a m m a to r y  d rugs and t h r e e  a n t i - r h e u m a t i c  d rugs  

on t h e  l u m i n o l  c h e m i l u m i n e s c e n c e  o f  PMN w h ic h  w e re  r e s t i n g  o r  

s t im u la t e d  by o pson ised  zymosan o r  c h e m o ta c t ic  p e p t id e  were exam ined. 

E v id e n c e  was s o u g h t  f o r  d e c r e a s e d  oxygen  r a d i c a l  p r o d u c t i o n ,  and  

s p e c i f i c a l l y  f o r  oxygen r a d i c a l  scav en g in g ,  by r e s p e c t i v e l y  exam in ing  

th e  e f f e c t s  o f  th e  d rugs on s t im u la t e d  ch em ilum inescence  b o th  g l o b a l l y  

(peak h e ig h t  chem ilum inescence) and d i f f e r e n t i a l l y  (on th e  f i r s t  and 

s e c o n d  phases) .

The maximum am o u n t o f  i n h i b i h 'o n  w as a c h i e v e d  by t h e  a n t i  

r h e u m a t i c  d ru g  a u r a n o f i n  ( t a b l e  44 ) .  T h i s  d r u g ,  a t  c o n c e n t r t i o n s  

fo u n d  in  v iv o  i n h i b i t e d  t h e  p eak  h e i g h t  o f  c h e m o t a c t i c  p e p t i d e  

s i tm u la t e d  PMN chem ilum inescence  by up to  58% and t h a t  o f  o p so n ise d
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F ig u re  91 E f f e c t  o f  a u ro th io m a la te  on ch e m o ta c t ic  p e p t id e  
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5Chemiluminescence t r a c e s  produced by 5x10 PMN/ml 
s t im u la t e d  by 0.1uM ch e m o ta c t ic  p e p t id e  in  
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Figure 92 Effect of auranofin on chemotactic peptide 
stimulated PMN chemiluminescence

5Chemiluminescence produced by 5x10 PMM/ml stimulated 
by 0.1|iM chemotactic peptide in the presence 
(dotted line) and absence (unbroken line) of 
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Chemiluminescence t r a c e s  produced by 5x10 PMN/ml 
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th e  p re sen ce  (d o t t e d  l i n e s )  and absence  (unbroken  
l i n e )  o f  0 ,5 -2 .5 /Jg /m l a u ra n o f in  ( t r i e th y l p h o s p h i n e  
g o ld ) .  Krebs medium, pH 7 -4 ,  37°C, 10jjM lu m in o l .



zym osan  s t i m u l a t e d  c h e m i lu m in e s c e n c e  by up t o  27/6. F u r t h e r m o r e ,  

a u ra n o f in  e x e r t e d  a  d i f f e r e n t i a l  e f f e c t  on th e  ch em ilu m in escen ce  f o r  

bo th  s t i m u l i ,  p r e f e r e n t i a l l y  i n h i b i t i n g  th e  second phase  and th e re b y  

in d i c a t i n g  t h a t  th e  d ec re ase d  chem ilum inescence  r e s u l t e d ,  a t  l e a s t  in  

p a r t ,  from oxygen r a d i c a l  scaveng ing  o r  pathway m o d i f i c a t io n .

The t h r e e  non s t e r o i d a l  a n t i  i n f l a m m a t o r y  d r u g s  f e n c l o f e n a c ,  

i b u p r o f e n  and  in d o m e t h a c i n  e a c h  i n h i b i t e d  t h e  p e a k  h e i g h t  o f  

ch e m o ta c t ic  p e p t id e  s t i m u l a t e d  PMN c h e m i lu m in e s c e n c e  by 3 0 %  (T a b le  

44 ).  F o r  i n d o m e t h a c i n  and  f e n c l o f e n a c  t h e  i n h i b i t o r y  e f f e c t  on t h e  

s e c o n d  p h a s e  was g r e a t e r  t h a n  t h a t  on t h e  f i r s t  (p< 0 .05 )  a g a i n  

s u g g e s t i n g  t h a t  a  p r o p o r t i o n  o f  t h e  i n h i b i t i o n  r e s u l t e d  from oxygen 

r a d i c a l  s c a v e n g i n g .  I t  m u s t  be e m p h a s i s e d  h o w e v e r  t h a t  t h e  s a m p le  

numbers were s m a l l  (n=3). For ib u p ro fe n ,  such a  d i f f e r e n t i a l  e f f e c t  

o n ly  o c c u r r e d  a t  c o n c e n t r a t i o n s  ab o v e  t h o s e  fo u n d  i n  p l a s m a  and  

s y n o v ia l  f l u i d  in  v ivo .

A lthough th e  a n t i - r h e u m a t i c  drug D -p e n ic i l l a m in e  d id  n o t  g l o b a l l y  

i n h i b i t  th e  chem ilum inescence  o f  PMN s t im u la t e d  by c h e m o ta c t ic  p e p t id e  

(no d e c re a se  in  peak h e ig h t  chem ilum inescence ) ,  th e  s t r o n g e s t  e v id en ce  

fo r  an oxygen r a d i c a l  scaveng ing  a c t i o n  was n o n e - t h e - l e s s  p ro v id e d  by 

t h i s  drug (Table 45) w hich p r e f e r e n t i a l l y  i n h i b i t e d  th e  f i r s t  phase .

At c o n c e n t r a t i o n s  found in  v ivo  th e  rem a in in g  a n t i  rh e u m a t ic  drug  

a u r o t h i o m a l a t e  had  no e f f e c t  on s t i m u l a t e d  PMN c h e m i l u m i n e s c e n c e .  

H igher c o n c e n t r a t i o n s  o f  th e  drug however p r e f e r e n t i a l l y  enhanced th e  

s e c o n d  p h a s e  o f  c h e m o t a c t i c  p e p t id e  s t im u la t e d  c h em ilu m in escen c e  to  

165 + 12.1/6 (mean + SD, n = 3 ) .  At s u c h  c o n c e n t r a t i o n s  t h i s  d r u g  

t h e r e f o r e  appeared  c ap a b le  o f  in c r e a s in g  oxygen r a d i c a l  p r o d u c t io n  by 

PMN. This  presum ably  o ccu rred  by m o d i f ic a t io n  o f  th e  oxygen r a d i c a l  

g e n e r a t i n g  p a th w a y ,  o r  by e n h a n c e d  r e c e p t o r  e x p r e s s i o n  ( H u r s t  e t  a l  

1986). A u r o t h i o m a l a t e  d id  n o t  e n h a n c e  t h e  c h e m i l u m i n e s c e n c e  o f
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r e s t i n g  PMN however, and th u s  was n o t  i t s e l f  a c e l l  s t i m u l a n t .

The p r e f e r e n t i a l  i n h i b i t i o n  o f  t h e  s e c o n d  p h a s e  o f  c h e m o t a c t i c  

p e p t id e  and o p so n ised  zymosan s t im u la t e d  PMN ch em ilu m in escen ce  seen  

most o b v io u s ly  w i th  a u ra n o f in  (F ig s  92 and 93) and l e s s  m arked ly  w i th  

f e n c l o f e n a c  and  in d o m e t h a c i n  f o r  c h e m o ta c t ic  p e p t id e  s t i m u l a t e d  PMN 

( T a b l e s  38 and  M2), b e in g  s i m i l a r  t o  t h e  e f f e c t  o f  a z i d e  ( F ig  79> 

6 .3 .2 )  w as t h u s  i n d i c a t i v e  o f  m y e lo p e ro x id a se  i n a c t i v a t i o n  o r  A 

scaveng ing  (6.4). L ikew ise  th e  p r e f e r e n t i a l  i n h i b i t o r y  e f f e c t  o f  D- 

p e n i c i l l a m i n e  on th e  f i r s t  phase  o f  c h e m o ta c t ic  p e p t id e  s t i m u l a t e d  PMN 

ch em ilum inescence  (Table 45) b e ing  s i m i l a r  to  th e  e f f e c t  o f  su p e ro x id e  

d ism u ta s e  (F ig  80 6.3.2) was i n d i c a t i v e  o f  scaveng ing  o f  C^*” , H2®2 o r  

p ro d u c ts  o f  t h e i r  r e a c t i o n  (6.4)

A d d i t i o n a l  e v i d e n c e  f o r  an  oxygen  r a d i c a l  s c a v e n g i n g  r o l e  f o r  

t h o s e  d r u g s  w as p r o v id e d  c o n c u r r e n t l y  by a  num ber  o f  g r o u p s  (T a b le  

50). N e i th e r  o f  th e  groups u s in g  lu m in o l  ch em ilum inescence  had sou g h t 

e v i d e n c e  o f  a d i f f e r e n t i a l  e f f e c t  o f  t h e  d r u g s  on t h e  e a r l y  o r  l a t e  

phases  o f  s t im u la t e d  PMN chem ilum inescence  (Van Dyke e t  a l  1979> D avis 

e t  a l  1982). These a u th o rs  th u s  had no mechanism fo r  d i s t i n g u i s h i n g  

oxygen r a d i c a l  scaveng ing  from o th e r  cau se s  o f  PMN ch em ilu m in escen c e  

i n h i b i i t o n  ( a l t e r e d  pH, d e c r e a s e d  l i g h t  t r a n s m i s s i o n ,  a l t e r e d  c e l l  

v i a b i l i t y  and  f u n c t i o n  and  i m p a i r e d  c e l l - s t i m u l u s  i n t e r a c t i o n  c f .  

C hap ter  5 ) .

I n  t h e  e x p e r i m e n t s  o f  t h i s  c h a p t e r  t h e  e f f e c t s  o f  pH an d  l i g h t  

t r a n s m i s s i o n  c o u ld  be d i s c o u n t e d  (7-2 . ). W h ile  t h e  e f f e c t s  o f  t h e  

d r u g s  on c e l l  v i a b i l i t y  w e re  n o t  f o r m a l l y  t e s t e d  (5.3*2) o n ly  

a u ra n o f in  had any c o n s i s t e n t  i n h i b i t o r y  e f f e c t  on r e s t i n g  PMN lu m in o l  

chem ilum inescence . W h i ls t  im p a ired  c e l l  v i a b i l i t y  can n o t be r u l e d  o u t  

a s  a c a u s e  o f  t h i s  i n h i b i t i o n  i t  i s  m ore l i k e l y  t h a t  t h e  e f f e c t  o f  

a u r a n o f in  m ir ro re d  t h a t  o f  a lbum in  and a z id e  which i n h i b i t e d  second
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p h a s e  and r e s t i n g  PMN c h e m i lu m in e s c e n c e  (5 .3 .3  and  6 .3 .2 ) .  A lbum in  

was shown n o t  to  cause  a d e c re a se  in  c e l l  v i a b i l i t y  (5.3.2).

With regard to any effect on the drugs on cell stimulus 

interaction, Simchowitz et al (1979) had previously shown that 100juM 

indomethacin and 1mM ibuprofen had no significant effect on the 

cellular binding of tritrated chemotactic peptide (n-formyl-met-leu- 

phe). Subsequently Davis et al (1 9 8 2 , 1983) showed that neither 

auranofin nor aurothiomalate interfered with cell stimulus binding for 

chemotactic peptide or for Candida albicans.

W h ile ,  i n  t h e  e x p e r i m e n t s  o f  t h i s  c h a p t e r ,  t h e  m o s t  c o n v i n c i n g  

e v i d e n c e  o f  o x y g e n  r a d i c a l  s c a v e n g i n g  w as  p r o v i d e d  f o r  t h e  

a n t i r h e u m a t i c  d r u g s  a u r a n o f i n  and D - p e n i c i l l a m i n e ,  t h e  d i f f e r i n g  

e f f e c t s  o f  th e s e  d ru g s ,  and o f  a u r o th io m a la te  would ap p ea r  t o  m i t i g a t e  

a g a i n s t  common invo lvem en t o f  th e  drugs ' t h i o l '  g roups in  m o d i f i c a t io n  

o f  t h e  oxygen  r a d i c a l  g e n e r a t i n g  p a th w a y s  o r  i n  a common m e th o d  o f  

oxygen  r a d i c a l  s c a v e n g i n g  on t h e i r  mode o f  a c t i o n  i n  v iv o .  I n  f a c t  

o n ly  D - p e n i c i l l a m i n e  was p r e s e n t e d  t o  t h e  c e l l s  i n  v i t r o  a s  a f r e e  

t h i o l  (F ig  90) .  T h i s  d r u g ,  a l o n e ,  e x h i b i t e d  t h e  sam e p r e f e r e n t i a l  

i n h i b i t o r y  e f f e c t  on  t h e  f i r s t  p h a s e  o f  s t i m u l a t e d  PMN 

chem ilum inescence  a s  reduced  g l u t a th i o n e  (F ig  80, 6.3.2). By c o n t r a s t  

t h e  s u l p h u r  m o i e t i e s  i n  a u r a n o f i n  and  a u r o t h i o m a l a t e  w e re  n o t  

a v a i l a b l e  a s  f r e e  t h i o l s  (F ig  90). A lthough in  n e i t h e r  m o lecu le  was 

th e  sulphur f u l l y  o x id i s e d ,  and th u s  in  b o th  i t  rem ained  a  l i k e l y  s i t e  

f o r  redox r e a c t i o n s  and hence oxygen r a d i c a l  scaveng ing .

D a v i s  e t  a l  ( 1 9 8 2 )  f o u n d  no  i n h i b i t o r y  e f f e c t  o f  w h o l e  

a u r o t h i o m a l a t e  on s t i m u l a t e d  PMN l u m i n o l  c h e m i l u m i n e s c e n c e  w h i l e  

H a r th  e t  a l  (1983) fo u n d  a  d o se  d e p e n d e n t  i n h i b i t i o n  o f  o p s o n i s e d  

zymosan s t im u la t e d  PMN chem ilum inescence  in  th e  p re se n c e  o f  2 -25 jig /m l 

a u ro th io m a la te .  The enhanc ing  e f f e c t s  o f  th e  h ig h e r  c o n c e n t r a t i o n s  o f
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a u r o th io m a la te  on th e  second phase o f  c h e m o ta c t ic  p e p t id e  s t i m u l a t e d  

PMN lu m in o l  ch em ilum inescence  d em o n stra ted  in  t h i s  c h a p te r  had th u s  

n o t  p r e v io u s ly  been observed . R ecen tly  H urs t e t  a l  (1986) found t h a t  

m o n o c y te s  i s o l a t e d  from  r h e u m a to id  a r t h r i t i s  p a t i e n t s  who had  

r e s p o n d e d  t o  t h e r a p y  w i t h  a u r o t h i o m a l a t e  on D - p e n i c i l l a m i n e  

su b se q u e n tly  showed enhanced r e c e p to r  m ed ia ted  s u p e ro x id e  g e n e r a t io n  

i n  v i t r o .  The d r u g s  t h e m s e l v e s  w ere  s a i d  t o  h av e  no s u c h  e f f e c t  on 

m o n o c y te s  i n  v i t r o .  T hese  a u t h o r s  p r o p o s e d  t h a t  t h e  b e n e f i c i a l  

a c t i o n s  o f  th e  d rugs  in  v iv o  m igh t r e f l e c t  a  h e l p f u l  e f f e c t  o f  oxygen 

r a d i c a l  p ro d u c t io n  on th e  immune system .

In  th e  e x p e r im e n ts  o f  t h i s  c h a p te r ,  however, an enhanc ing  e f f e c t  

o f  a u ro th io m a la te  on ly  o c cu r red  a t  c o n c e n t r a t i o n s  o f  th e  drug  w hich 

exceeded th e  c o n c e n t r a t i o n  in  p lasm a and s y n o v ia l  f l u i d .  F u r th e rm o re  

t h e  c o n c e n t r a t i o n s  u s e d  w ere  i n  e x c e s s  o f  t h o s e  fo u n d  i n  c e l l u l a r  

m i c r o l o c a t i o n s  and  w ere  shown by o t h e r s  t o  i m p a i r  c e l l  v i a b i l i t y  

(P en n ey s  e t  a l  1976, D a v is  e t  a l  1982).

In  v ivo ,  a u r o th io m a la te  has  been shown to  d i s s o c i a t e  t o  g o ld  and 

t h i o m a l a t e  (Rudge e t  a l  1983* J e l l u m  and  M unthe 1980). M a th e s o n  

(1982) showed t h a t  th e  t h i o l  g roup, r a t h e r  than  g o ld ,  was r e s p o n s i b l e  

f o r  a u ro th io m a la te  i n h i b i t i o n  o f 0 ( - 1 - p r o t e i n a s e  i n h i b i t o r  i n a c t i v a t i o n  

by an a c e l l u l a r  e n z y m ic a l ly  g e n e ra te d  oxygen r a d i c a l  sy s tem . In  th e  

p a s t ,  n o n  t h i o l  c o n t a i n i n g  g o l d  c h l o r i d e  a n d  c o l l o i d a l  g o l d  

p r e p a r a t io n s  c o n ta in in g  e q u iv a le n t  amounts o f  e l e m e n ta l  g o ld  have been 

found i n e f f e c t i v e  in  th e  t r e a t m e n t  o f  rheu m a to id  a r t h r i t i s  (Drury e t  

a l  1984). I n  o r d e r  t o  d e t e r m i n e  t h e  p o t e n t i a l  o f  t h e  ' t h i o l '  

component o f  a u r o th io m a la te  a s  an oxygen r a d i c a l  scav en g e r  i t  would 

th u s  be a p p r o p r ia te  to  examine th e  e f f e c t  o f  th io m a la te  on PMN lu m in o l  

chem ilum inescence .

In  summary th e  ex p e r im e n ts  o f  t h i s  c h a p te r  have shown t h a t  f o u r
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d r u g s  com m only u s e d  i n  t h e  t r e a t m e n t  o f  r h e u m a t o i d  a r t h r i t i s ,  a t  

c o n c e n t r a t i o n s  found in  p lasm a and s y n o v ia l  f l u i d  i n  v iv o ,  a r e  cap a b le  

o f  d e c r e a s in g  PMN oxygen r a d i c a l  p ro d u c t io n  a n d /o r  scaveng ing  oxygen 

r a d i c a l s .  No common e f f e c t  f o r  t h e  t h r e e  a n t i r h e u m a t i c  d r u g s  (D- 

p e n i c i l l a m i n e ,  a u ra n o f in  and a u ro th io m a la te )  was observed . Only th e  

e f f e c t  o f  D -p e n ic i l l a m in e  was d i r e c t l y  a t t r i b u t a b l e  t o  i t s  s u lp h y d ry l  

c o n t e n t .  The a n t i r h e u m a t i c  d ru g  a u r a n o f i n  c a u s e d  t h e  g r e a t e s t  

i n h i b i t i o n  o f  p e a k  h e i g h t  c h e m i lu m in e s c e n c e .  I t s  p r e f e r e n t i a l  

i n h i b i t i o n  o f  th e  second phase was m ir ro re d  by th e  a n t i - i n f l a m m a to r y  

d rugs  f e n c lo fe n a c  and indom ethac in .

7 .5  Summary

T h re e  n o n - s t e r o i d a l  a n t i - i n f l a m m a t o r y  d r u g s  and  t h r e e  ' t h i o l  

c o n t a i n i n g '  a n t i r h e u m a t i c  d r u g s  w ere  ex a m in e d  f o r  t h e i r  a b i l i t y  t o  

in f lu e n c e  th e  p ro d u c t io n  o f  oxygen r a d i c a l s  by r e s t i n g  and s t i m u l a t e d  

PMN. S e l e c t i v e  m o d i f i c a t i o n  o f  t h e  f i r s t  o r  s e c o n d  p h a s e s  o f  

s t im u la t e d  PMN chem ilum inescence  was ta k e n ,  in  p a r t i c u l a r ,  a s  ev id en ce  

o f  oxygen r a d i c a l  scaveng ing  by th e  d rugs .

(a )  At c o n c e n t r a t i o n s  fo u n d  i n  v iv o  f o l l o w i n g  o r a l  o r  

p a r e n t e r a l  a d m i n i s t r a t i o n  t h e  t h r e e  non s t e r o i d a l  

a n t i  i n f l a m m a t o r y  d ru g s  ( f e n c lo fe n a c ,  in d o m eth ac in  

and ib u p ro fe n )  i n h i b i t e d  peak h e ig h t  o f  c h e m o ta c t ic  

p e p t i d e  s t i m u l a t e d  c h e m i lu m in e s c e n c e  by 30%. The 

i n h i b i t i o n  p r e f e r e n t i a l l y  a f f e c t e d  th e  second phase  

t h e r e b y  c o n f i r m i n g  t h a t  a t  l e a s t  p a r t  o f  t h e  

i n h i b i t i o n  r e s u l t e d  from oxygen r a d i c a l  scav en g in g .

(b) The a n t i r h e u m a t ic  drug a u ra n o f in ,  a t  c o n c e n t r a t i o n s  

f o u n d  i n  v i v o ,  i n h i b i t e d  t h e  p e a k  h e i g h t  o f  

s t im u la t e d  PMN chem ilum inescence  by up t o  58%. The
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s e c o n d  p h a s e  w as  p r e f e r e n t i a l l y  i n h i b i t e d ,  

c o n f i r m i n g  oxygen  r a d i c a l  s c a v e n g i n g .  R e s t i n g  

chem ilum inescence  was a l s o  i n h i b i t e d .

(c )  D -p e n ic i l l a m in e  caused  no i n h i b i t i o n  o f  peak h e ig h t  

c h e m o ta c t ic  p e p t id e  s t im u la t e d  PMN ch em ilum inescence  

b u t  caused  s e l e c t i v e  i n h i b i t i o n  o f  th e  f i r s t  phase 

(b y  up t o  6 6 $ )  i n  a  s i m i l a r  f a s h i o n  t o  t h e  

i n h i b i t i o n  c a u s e d  by r e d u c e d  g l u t a t h i o n e .  S t r o n g  

e v i d e n c e  f o r  oxygen  r a d i c a l  s c a v e n g i n g  by t h e  

reduced  t h i o l  group on D -p e n ic i l l a m in e  was th e re b y  

p ro v id e d .

(d) The r e m a i n i n g  a n t i r h e u m a t i c  d ru g ,  a u r o th io m a la te ,  

had no e f f e c t  a t  c o n c e n t r a t i o n s  found in  v ivo  b u t  a t  

h i g h e r  c o n c e n t r a t i o n  e n h a n c e d  t h e  s e c o n d  p h a s e  o f  

c h e m o ta c t ic  s t im u la t e d  PMN chem ilum inescence  by up 

to  165/5.

No common e f f e c t  f o r  th e  t h r e e  s u lp h u r  c o n ta in in g  a n t i  rh e u m a t ic  

d r u g s  w as  t h e r f o r e  o b s e r v e d .  O n ly  o n e  o f  t h e s e  d r u g s  (D - 

p e n i c i l l a m i n e )  w as p r e s e n t e d  t o  t h e  c e l l s  i n  v i t r o  a s  a  f r e e  t h i o l /  

however.
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CHAPTER 8

C o n c lu s io n s ,  and F u tu re  P ro s p e c ts

8.1 C onc lusions

8 .2  F u tu re  P ro s p e c ts
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8.1 Conclusions

The o v e r a l l  a im s  o f  t h i s  t h e s i s  (1 .6 )  w e re  t o  p r o v i d e  d i r e c t  

ev idence  o f  oxygen r a d i c a l  p ro d u c t io n  by PMN in  rh eu m a to id  a r t h r i t i s  

a n d  t o  i d e n t i f y  a n y  m a j o r  p h y s i o l o g i c a l  an d  p h a r m a c o l o g i c a l  

s cav en g e rs .  W hile a t  th e  end o f  t h i s  work d i r e c t  ev idence  f o r  oxygen 

r a d i c a l  p r o d u c t i o n  by PMN i n  r h e u m a to id  a r t h r i t i s  i s  s t i l l  l a c k in g ,  

th e  m ajor and n o v e l  c o n c lu s io n  o f  th e  work has  been th e  i d e n t i f i c a t i o n  

o f  a lbum in  a s  a  p o te n t  e x t r a c e l l u l a r  oxygen r a d i c a l  scav en g e r  (C hap ter  

5). In  a d d i t i o n  th e  a n t i r h e u m a t ic  d rugs  D - p e n ic i l la m in e  and a u ra n o f in  

and  t h e  non s t e r o i d a l  a n t i  i n f l a m m a t o r y  d r u g s  f e n c l o f e n a c  and  

indom ethac in  were shown to  e x e r t  oxygen r a d i c a l  scaveng ing  e f f e c t s  in  

v i t r o  (C h a p te r  7).

B e f o r e  t h e  w ork  o f  t h i s  t h e s i s  b e g a n ,  t h e  p u t a t i v e  r o l e  f o r  

oxygen  r a d i c a l s  i n  t h e  p a t h o g e n e s i s  o f  r h e u m a to id  a r t h r i t i s  h in g e d  

upon t h e  a v a i l a b i l i t y  o f  t h e s e  h i g h l y  r e a c t i v e  m o i t i e s  f o r  t i s s u e  

damage (1.5). I t  fo l lo w ed  t h a t  any e x t r a c e l l u l a r  p re se n c e  o f  oxygen 

r a d i c a l s  in  th e  d i s e a s e  would be a f u n c t io n  n o t  on ly  o f  t h e i r  r e l e a s e  

by s t im u la t e d  p h agocy tes  b u t  o f  t h e i r  scaveng ing  by p h y s io lo g i c a l  o r  

ph a rm a co lo g ica l  a g e n t s .

D e m o n s tra t io n  o f  th e  oxygen r a d i c a l  scaveng ing  a b i l i t y  o f  a lb u m in  

h i g h l i g h t e d  b o th  t h e  p o t e n t i a l  i m p o r t a n c e  o f  t h i s  e x t r a c e l l u l a r  

m o lecu le  a s  a p r o t e c t o r  a g a i n s t  oxygen r a d i c a l  m ed ia ted  t i s s u e  damage, 

and  t h e  v u l n e r a b i l i t y  o f  i t  and  p o s s i b l y  o t h e r  p r o t e i n  m o l e c u l e s  t o  

s im u la ta n e o u s  c o v a le n t  s t r u c t u r a l  m o d i f i c a t io n  by th e  r a d i c a l s  (such  

a s  t h i o l  o x i d a t i o n )  ( C h a p te r  6 ) .  Thus a l b u m i n ,  and  p o s s i b l y  o t h e r  

p r o t e i n  c o n ta in in g  r e s id u e s  cap a b le  o f  scaveng ing  oxygen r a d i c a l s ,  may 

b o th  com pensate f o r  th e  e x t r a c e l l u l a r  p a u c i ty  o f  su p e ro x id e  d is m u ta s e  

and c a t a l a s e  (1.2.3) and undergo s t r u c t u r a l  changes o f  consequence  to  

t h e i r  f u n c t i o n  and  i n t e g r i t y .  S i m u l t a n e o u s  w i t h  t h e  w ork  o f  t h i s
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t h e s i s  ev idence  has  been p ro v id ed  by o th e r  a u th o r s  f o r  th e  s t r u c t u r a l  

m o d i f ic a t io n  o f  p r o t e o l y t i c  enzyme i n h i b i t o r s  (Matheson 1982) and 1gG 

(Wickens e t  a l  1983) exposed to  oxygen r a d i c a l s  in  v i t r o .

The e m p h a s i s  on t h e  p o t e n t i a l  r o l e  o f  oxygen  r a d i c a l s  i n  t h e  

p a th o g e n e s is  o f  rh eu m a to id  a r t h r i t i s  i s  t h e r e f o r e  chang ing  from one o f  

mere p a r t i c i p a t i o n  in  th e  non s p e c i f i c  e x t r a c e l l u l a r  d e s t r u c t i o n  o f  

th e  in f lam m ato ry  re s p o n se ,  t o  one o f  s t r u c t u r a l  m o d i f i c a t io n  o f  key 

p r o t e i n  m o l e c u l e s  a s  a c o n s e q u e n c e  o f  w h ic h  t h e  d i s e a s e  may be 

e x a c e r b a t e d  o r  p e r p e t u a t e d .  D e m o n s t r a t i o n  o f  t h e  i n  v i t r o  o xygen  

r a d i c a l  scaveng ing  c a p a b i l i t y  p a r t i c u l a r l y  o f  th e  a n t i  rh e u m a t ic  d rugs  

D -p e n ic i l la m in e  and a u ra n o f in ,  f u r t h e r  s u g g e s ts  t h a t  a t  l e a s t  p a r t  o f  

th e  b e n e f i c i a l  e f f e c t  o f  th e s e  drugs in  v ivo  in  rh eu m a to id  a r t h r i t i s  

may occur v ia  t h i s  means.

D e s p i t e  t h e  a b o v e ,  h o w e v e r ,  e v i d e n c e  f o r  t h e  i n v o l v e m e n t  o f  

oxygen r a d i c a l s  in  th e  p a th o g e n e s is  o f  rh eum ato id  a r t h r i t i s  i s ,  and i s  

l i k e l y  to  rem a in ,  c i r c u m s t a n t i a l .  The s h o r t  h a l f  l i v e s  ( ra n g in g  from 

m i l l i  to  m icro  seconds) o f  02*“ , OH* and mi k i g a t e  a g a i n s t  t h e i r

d i r e c t  d e t e c t i o n  in  s e ru m  and s y n o v i a l  f l u i d .  I n  C h a p t e r  U o f  t h i s  

t h e s i s  an a t t e m p t  was made in  v i t r o  to  d i r e c t l y  m easure t h e i r  r a t e  o f  

p ro d u c t io n  by PMN exposed to  rheum a to id  s y n o v ia l  f l u i d  and serum known 

to  c o n ta in  s t i m u l i  o f  p h a g o c y to s is  and chem otax is .  The f a i l u r e  o f  th e  

m a j o r i t y  o f  t h e s e  s a m p l e s  (o n ce  d enuded  o f  a l l  l i v e  c e l l s )  t o  

s t i m u l a t e  PMN lu m in o l  c h e m ilu m in e s c e n c e  p r o b a b l y  r e s u l t e d  f ro m  t h e  

a lbum in  c o n te n t  o f  th e  f l u i d s .  Albumin in  p h y s io lo g i c a l  c o n c e n t r a t i o n  

(4g% ( w / v ) )  w as  s u b s e q u e n t l y  sh o w n  t o  i n h i b i t  PMN l u m i n o l  

chem ilum inescence  by >80% and to  acco u n t f o r  a l l  o f  th e  i n h i b i t i o n  o f  

PMN lu m in o l  chem ilum inescence  caused  by d ia ly s e d  serum (C hap te r  5).

Having shown t h a t  th e  i n h i b i t i o n  o f  PMN lu m in o l  c h em ilu m in escen c e  

by a lb u m in  r e s u l t e d  f rom  oxygen  r a d i c a l  s c a v e n g i n g  ( and  n o t  f ro m
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i m p a i r e d  c e l l  v i a b i l i t y ,  a l t e r e d  pH o r  l i g h t  t r a n s m i s s i o n ,  l u m i n o l  

e x c i t e d  s t a t e  q u e n c h in g  e t c  ( C h a p te r  5 ) ) ,  t h e  q u e s t i o n  o f  p r e c i s e l y  

w h ic h  oxygen  r a d i c a l  o r  r e a c t i v e  oxygen  m e t a b o l i t e  i s  s c a v e n g e d  by 

a l b u m in  r e m a i n s  u n a n s w e re d  and  u n d e r l i n e s  t h e  c h i e f  d i f f i c u l t y  i n  

i n t e r p r e t a t i o n  o f  lu m in o l  chem ilum inescence . What lu m in o l  l a c k s  in  

s p e c i f i c i t y  o f  r e a c t i o n  h o w e v e r ,  i t  g a i n s  i n  s e n s i t i v i t y  and  i n  

f a c i l i t y  f o r  c o n t i n u o u s  g l o b a l  m o n i t o r i n g  o f  t h e  p r o d u c t i o n  o f  

o x i d i s i n g  s p e c i e s  by PMN. Use o f  a m ore s p e c i f i c  ox y g en  r a d i c a l  

d e t e c t o r  s u c h  a s  c y t o c h r o m e  c w o u ld  n o t  h a v e  a l l o w e d  t h e  

i d e n t i f i c a t i o n  o f  a lb u m in 's  oxygen  r a d i c a l  s c a v e n g i n g  c a p a b i l i t y  i n  

th e  f i r s t  p la c e  (C hap te r  5).

The p r e f e r e n t i a l  i n h i b i t i o n  o f  a l b u m in  on t h e  s e c o n d  p h a s e  o f  

c h e m o ta c t ic  p e p t id e  s t im u la t e d  PMN chem ilum inescence  was s h a red  by th e  

m ye loperox idase  i n h i b i t o r  a z id e  (C hap te rs  5 and 6). The d is c re p a n c y  

betw een PMN lu m in o l  chem ilum inescence  and oxygen consum ption  (C hap te r  

3) f u r t h e r  i n d i c a t e d  t h a t  i n  t h e  s e c o n d  p h a s e  l u m i n o l  r e a c t e d  w i t h  

oxygen m e ta b o l i t e s  whose e x i s t e n c e  was n o t  t e m p o r a l l y  d e p e n d e n t  on 

c e l l u l a r  oxygen consum ption. On bo th  a cc o u n ts  i t  i s  t h e r e f o r e  l i k e l y  

t h a t  a lbum in  scavenges a r e a c t i v e  oxygen m e ta b o l i t e  produc ed by th e  

i n t e r a c t i o n  o f  m y e loperox idase  -  H202 ” (C hap ter  6).

The c o n s e q u e n c e s  t o  t h e  a lb u m in  m o l e c u le  o f  i t s  e x t r a c e l l u l a r  

s c a v e n g i n g  o f  oxygen  r a d i c a l s  w as e x p l o r e d  i n  C h a p t e r  6. W h i le  

p o t e n t i a l  m o i e t i e s  f o r  oxygen  r a d i c a l  s c a v e n g i n g  on t h e  m o l e c u l e  

i n c l u d e d  a m in e ,  t y r o s i n e  and  h i s t i d i n e  r e s i d u e s ,  t h e  e f f e c t  o f  

e x p o s u r e  t o  s t i m u l a t e d  PMN on a l b u m i n ' s  lo n e  f r e e  t h i o l  g ro u p  w as 

p a r t i c u l a r l y  e x a m in e d .  S t i m u l a t e d  PMN w e re  shown t o  o x i d i s e  t h i o l  

g roups n o t on ly  on a lbum in ,  b u t  in  whole serum and on g l u t a t h i o n e  by 

up t o  60%. T h i s  o x i d a t i o n  was i n h i b i t a b l e  by a z i d e  b u t  n o t  by 

superox ide  d ism u ta s e  (C hapter 6).
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The p r e f e r e n t i a l  i n h i b i t i o n  o f  t h e  f i r s t  p h a s e  o f  c h e m o t a c t i c  

p e p t id e  s t i m u l a t e d  PMN chem ilum inescence  ach ieved  by t h e  low m o l e c u la r  

w e igh t  t h i o l  g l u t a t h i o n e ,  su g g e s te d  e i t h e r  t h a t  a  d i f f e r e n t  m o ie ty  on 

a l b u m i n  a n d  g l u t a t h i o n e  c a u s e d  t h e i r  i n h i b i t i o n  o f  PMN 

chem ilum inescence  o r  t h a t  a  d i f f e r e n t  r a d i c a l  was scavenged by each  

( C h a p t e r  6 ). P r e f e r e n t i a l  i n h i b i t i o n  o f  t h e  f i r s t  p h a s e  o f  

s t i m u l a t e d  PMN l u m in o l  chem ilum inescence  was sha red  a l s o  by t h e  f r e e  

t h i o l  c o n t a i n i n g  a n t i - r h e u m a t i c  d r u g  D - p e n i c i l l a m i n e  ( C h a p t e r  7 ) .  

P r e f e r e n t i a l  i n h i b i t i o n  o f  t h e  s e c o n d  p h a s e  was  c a u s e d  by t h e  a n t i 

r h e u m a t i c  d r u g  a u r a n o f i n ,  and  t o  a l e s s e r  e x t e n t  by t h e  a n t i 

in f l a m m a to ry  drugs  f e n c l o f e n a c  and indom ethac in .

A lbumin  i s  t h e  p r i n c i p l e  s o u r c e  o f  f r e e  t h i o l  i n  s e r u m .  Serum 

t h i o l  l e v e l s  were known t o  be d e p re s s e d  i n  a c t i v e  rheum a to id  d i s e a s e  

and t o  n o r m a l i s e  w i t h  a c l i n i c a l  r e s p o n s e  t o  th e ra p y  (H aa ta ja  (1975)).  

I n  t h e  work o f  t h i s  t h e s i s ,  t h e  p a r a l l e l  e f f e c t s  o f  a l b u m i n  and  t h e  

a n t i r h e u m a t i c  drugs  on PMN lu m in o l  chem ilum inescence  s u g g e s te d  t h a t  

one a c t i o n  f o r  t h e s e  drugs  i n  v ivo  may be p r o t e c t i o n  o f  e x t r a c e l l u a l r  

p r o t e i n s  f ro m  oxygen  r a d i c a l  a t t a c k ,  and  p a r t i c u l a r l y  f ro m  t h i o l  

o x id a t i o n .  In  rheum a to id  a r t h r i t i s  t h e  l i k e l y  s i t e  f o r  such a t t a c k  i s  

t h e  inflammed j o i n t  i n  which phagocy tes  and t h e i r  s t i m u l i  a c c u m u la te  

i n  l a r g e  numbers.

I n  C h a p t e r  6 a p r e l i m i n a r y  a t t e m p t  was  made t o  c o r r e l a t e  t h e  

t h i o l  c o n c e n t r a t i o n s  o f  rheu m a to id  and  c o n t r o l  s y n o v i a l  f l u i d s  w i t h  

t h e i r  c e l l  c o u n t s ,  a lbumin  c o n c e n t r a t i o n s  and w i t h  drug th e r a p y .  I t  

was p r e d i c t e d  t h a t  t h e  l o w e s t  t h i o l  c o n c e n t r a t i o n s  w o u ld  o c c u r  i n  

p a t i e n t s  w i th  rheum a to id  a r t h r i t i s  n o t  r e c e i v i n g  a n t i r h e u m a t i c  d rugs .  

I n  f a c t  t h e  l o w e s t  c o n c e n t r a t i o n s  w e re  fo u n d  i n  t h e  c o n t r o l  p o s t  

m e n i s e c t o m y / o s t e o a r t h r i t i s  g r o u p .  The c o n t r i b u t i o n  o f  non a lbum in  

p r o t e i n  ( r a i s e d  i n  t h e  rheum a to id  p a t i e n t s )  t o  th e  t o t a l  t h i o l  l e v e l s
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o f  each  group was,  however,  unde te rm ined .

A l t h o u g h  p r e d o m i n a n t l y  c o m p o s e d  o f  d i s u l p h i d e  b o n d s ,  

immunoglobul in  G (1gG) has  been shown t o  p o s s e s s  0.2 m o les /m o le  f r e e  

t h i o l  g roups .  O x ida t ion  o f  t h e s e  t h i o l  g roups  by s t i m u l a t e d  PMN cou ld  

cause  a g g r e g a t i o n  o f  1gG, exposure  o f  new a n t i g e n i c  s i t e s  and hence a 

mechanism f o r  t h e  p ro d u c t i o n  o f  rheu m a to id  f a c t o r  and t h e  p e r p e t u a t i o n  

o f  rheum a to id  a r t h r i t i s .  Cova len t  m o d i f i c a t i o n  o f  p r o t e o l y t i c  enzymes 

o r  o f  p r o t e i n  components o f  t h e  complement cascade  by oxygen r a d i c a l s  

produc  ed by s t i m u l a t e d  PMN may s i m i l a r l y  augment t h e  immune r e s p o n s e .

One hundred y e a r s  l a t e r ,  M e tc h n ik o f f ' s  p r o p o s a l  t h a t  s t i m u l a t e d  

p h a g o c y t e s  may l i b e r a t e  s u b s t a n c e s  w h ic h  a r e  d e t r i m e n t a l  t o  t h e i r  

h o s t s  i s  p r o v i n g  c o r r e c t .  F o r  oxygen  r a d i c a l s  and  r h e u m a t o i d

a r t h r i t i s ,  t h e r e  i s  now a r e q u i r e m e n t  f o r  i n v e s t i g a t i o n  o f  t h e

o c c u r r e n c e  and  c o n s e q u e n c e s  o f  oxygen  r a d i c a l  m e d i a t e d  c o v a l e n t  

m o d i f i c a t i o n  o f  e x t r a c e l l u l a r  p r o t e i n  m o l e c u l e s ,  a  b e t t e r  

u n d e r s t a n d in g  o f  which may l e a d  n o t  only  t o  more s p e c i f i c  m arke rs  o f  

r h e u m a t o i d  d i s e a s e  a c t i v i t y  b u t ,  h o p e f u l l y ,  t o  more e f f e c t i v e  d r u g  

th e r a p y .

8 .2  F u tu re  P r o s p e c t s

The e x p e r i m e n t s  d e s c r i b e d  i n  t h i s  t h e s i s ,  i n  i d e n t i f y i n g  t h e  

oxygen r a d i c a l  scaveng ing  c a p a b i l i t y  o f  a lbum in ,  have drawn a t t e n t i o n  

t o  t h e  p o t e n t i a l  o f  oxygen r a d i c a l s  t o  c o v a l e n t l y  modify t h e  s t r u c t u r e  

o f  e x t r a c e l l u l a r  p r o t e i n s  and  h a v e  s u g g e s t e d  t h a t  one  o f  t h e

b e n e f i c i a l  e f f e c t s  o f  a n t i r h e u m a t i c  d r u g s  i n  v i v o  may be  t h e

p r e v e n t io n  o f  such  m o d i f i c a t i o n .

Log ica l  e x t e n s i o n s  t o  th e  work a r e  t h e  fo l l o w in g  

(a)  More d e t a i l e d  ex a m in a t io n  o f  th e  consequences  bo th  

s t r u c t u r a l  and  f u n c t i o n a l ,  w h ic h  may r e s u l t  i n  a
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v a r i e t y  o f  p r o t e i n s  f o l l o w i n g  t h e i r  e x p o s u r e  i n  

v i t r o  t o  c e l l u l a r  o r  a c e l l u l a r  oxygen  r a d i c a l  

g e n e r a t i n g  sys tem s .

Exam ina t ion  o f  rheum a to id  serum and s y n o v ia l  f l u i d  

fo r  t h e  p re s e n c e  o f  th e  d e f in e d  o x i d a t i o n  p r o d u c t s  

o f  g iv e n  oxygen r a d i c a l - p r o t e i n  i n t e r a c t i o n s .  

I n v e s t i g a t i o n  o f  t h e  e f f i c a c y  o f  a n t i r h e u m a t i c  and 

a n t i - i n f l a m m a t o r y  d r u g s  i n  p r e v e n t i n g  oxygen  

r a d i c a l  m ed ia ted  c o v a l e n t  m o d i f i c a t i o n  o f  p r o t e i n s  

i n  v i t r o  and  i n  v i v o .
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ed Kricka L. J., Stanley P. E., Thorpe G. H. G., Whitehead T. P., 
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Livingstone.

2. Communications

(1) Poster Holt Mary E., Hailett M. B. & Campbell A. K. (1982)

Chemiluminescence as a monitor of oxygen radical 

production by polymorphonuclear leukocytes in rheumatoid 

arthritis. Presented to the National Meeting of the 

A s s o c i a t i o n  of Clini ca l B io ch emists,  C a m b r i d g e ,

3 18



Semptember 28th - October 1st.

(2) Oral Holt Mary E. & Campbell A. K. (1983). Synovial fluid
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Appendix II - List of Abbreviations used in text of Thesis

ABEI

ATP

DM SO

DTNB

1A Oo g 2
EDTA

HEPES

H2°2
1gG
M.E.H.

OA

o2 -

OH’

PMN

POPOP

PPO

RA

S.D.

S.E.M.

SF

SH

- amino butyl ethyl iso luminol

- adenosine tri phosphate

- dimethyl sulphoxide

- dithiobis 2 nitrobenzoic acid

- singlet oxygen - delta form

- ethylene diamino tetra acetate

- N2 hydroxy-ethylpiperazine n'2 ethanol sulphonic acid

- hydrogen peroxide 

immunoglobulin G

- Mary Elizabeth Holt

- osteoarthritis

- superoxide anion

- hydroxyl radical

- polymorphonuclear leukocyte

- p-Bis (2-(5-phenyloxazoyl)-benzine

- 2,5-Diphenyloxazole

- rheumatoid arthritis

- standard deviation 

standard error of mean

- synovial fluid

- sulphydryl or thiol group
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