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INTRODUCTION

The word '*anaphy lax is"  i s  d e r iv e d  from the  Greek 

meaning g uard ing  (p h y la x is )  re v e rse d  (a n a ) .  I t  su g g es ts  

the  r e v e r s e  o f  a  b e n e f i c i a l  phenomenon, namely immunity, 

and i s  a p p l ie d  to  r e a c t i o n s ,  damaging to c e l l s  o f  the 

animal body, which occur a s  a r e s u l t  of immunological 

re sp o n se s  in v o lv in g  i n t e r a c t i o n s  of an tib o d y  and a n t ig e n .  

According to von P i rq u e t  ( I 906) the term "immunity" must 

be r e s t r i c t e d  to  those  p ro cesses  in  which the  in t r o d u c t io n  

in to  th e  organism of the f o re ig n  substance  to  which the 

organism i s  immune causes no e v id e n t  adverse  r e a c t io n ,  

where, th e r e f o r e ,  complete i n s e n s i t i v i t y  e x i s t s .  "Anaphy­

l a x i s "  u s u a l ly  r e f e r s  to  e x p e r im e n ta l ly  o r  a r t i f i c i a l l y  

produced r e a c t io n s  whereas those  o c c u r r in g  n a t u r a l l y  a re  

termed " h y p e r s e n s i t i v i ty "  or  " a l le rg y "  ( Coombs and C e l l ,

1963).
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L i t t l e  i s  known o f  the  mechanism of an ap h y lax is  

in  ru m in an ts .  H y p e r s e n s i t iv i ty  may u n d e r l ie  many 

d is e a s e s  o f  c a t t l e ^ s u c h  as  l a m i n i t i s ,  th e  syndrome of 

acu te  r e s p i r a t o r y  d i s t r e s s  known as " fo g  f e v e r , "  and 

adverse  r e a c t io n s  to  warble f l y  la rv a e ,  a n t i b i o t i c s ,  

f o o t  and mouth d is e a se  vaccine and d ie t a r y  c o n s t i tu e n ts , .  

D iseases  o f  h y p e r s e n s i t i v i t y  in  humans have re c e iv e d  a 

g r e a t  d ea l o f  a t t e n t i o n  and the  mechanism o f  anaphy lax is  

has been e x te n s iv e ly  in v e s t ig a te d  in  the  g u in e a -p ig ,  dog, 

r a b b i t ,  r a t  and mouse. The degree of s p e c ie s  v a r i a t i o n ,  

however, has g r e a t ly  l im i te d  the  a p p l ic a t io n  of f in d in g s  

in  th e se  sp e c ie s  to  o th e r  sp e c ie s  such as  th e  bovine.

The o b je c ts  o f  the  i n v e s t ig a t io n  d e sc r ib e d  in  t h i s  

t h e s i s  w ere :-

l )  To determ ine the n a tu re  of  the  a c u te ,  sys tem ic , 

a n a p h y la c t ic  r e a c t io n  in  c a t t l e  and the c o n d i t io n s  n ecessa ry  

f o r  t h e i r  s e n s i t i s a t i o n  in  such a way t h a t  r e a c t io n s  of
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p r e d ic ta b le  s e v e r i t y  cou ld  be c o n s i s t e n t ly  induced 

(S e c t io n  I I .  1. and 2 ) .

2) To a s s e s s  the  r o l e s  o f  h is ta m in e ,  5-bydroxy- 

t ry p ta m in e , b rad y k in in  and slow r e a c t in g  substance  of 

an ap h y lax is  (SKS-A) i n  m ed ia ting  the  r e a c t io n .  This was 

done by examining the  e f f e c t s  of some of th e se  substances  

o n - c a t t l e  and on i s o l a t e d  bovine t i s s u e  (S e c t io n  I I .  5*) 

and by t e s t i n g  th e  e f f e c t  of s p e c i f i c  o r  s e l e c t iv e  a n ta g o n is t s  

o f  th e se  su b s tan ce s  on the  an a p h y la c t ic  r e a c t i o n  (S e c t io n  I I . 4)» 

The e f f e c t s  o f  a n t ig e n  on i s o l a t e d  t i s s u e  o f  s e n s i t i s e d  

anim als were examined, w ith  the aim o f  comparing such e f f e c t s  

to  those  of p o s s ib le  m ed ia to rs  (S e c tio n  I I .  5)- E s tim a tio n s  

o f  th e  c o n c e n tr a t io n s ,  i n  t i s s u e s  and f l u i d s ,  o f  h is tam in e , 

in  r e l a t i o n  to  an ap h y lax is  in  vivo and in  v i t r o ,  were a l s o  

c a r r i e d  o u t ,  i n  o rd e r  to  d e te c t  evidence o f  r e l e a s e  of t h i s  

subs tance  from t i s s u e s  (S e c tio n  I I .  6 ) .
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3) To induce a c t iv e  and p ass iv e  cu taneous anaphy­

l a x i s  and to  a s s e s s  the  value of such r e a c t io n s  in  the 

d e te c t io n  of h y p e r s e n s i t i v i t y  (S e c tio n  I I .  7 ) .



SECTION I

REVIEW OP LITERATURE
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CLASSIFICATION Off ALLERGIC REACTIONS

Coombs and C e ll  ( I 965) c l a s s i f i e d  a l l e r g i c  r e a c t io n s  

as  b e in g  o f  4 main types  on the b a s i s  o f  i n i t i a t i n g  mechanisms 

r a t h e r  th an  u l t im a te  m a n i fe s ta t io n s .  Anaphylaxis they  des­

ig n a te d  a Type I  re sp o n se , be ing  i n i t i a t e d  by a n t ig e n  r e a c t in g  

w ith  t i s s u e  c e l l s  which had been s e n s i t i s e d  by an tibody  p ro ­

duced e lsew here . This r e s u l t e d  in  the  r e l e a s e  o f  pharmacol­

o g ic a l ly  a c t iv e  su b s ta n c e s ,  producing lo c a l  or g en e ra l  

m a n ife s ta t io n s  i n  the  body. They d is t in g u is h e d  t h i s  from a 

Type I I  r e a c t i o n ,  termed c y t o ly t i c  o r  c y to to x ic ,  which v/as 

i n i t i a t e d  by an tibody  r e a c t in g  w ith  e i t h e r  an a n t ig e n ic  

component o f  t i s s u e  c e l l s  o r  an a n t ig e n  o r  hap ten  in  in t im a te  

a s s o c ia t io n  w ith  t i s s u e  c e l l s .  Haemolytic d is e a se  of the  

newborn e x e m p lif ie s  a Type I I  r e a c t io n .

A Type I I I  o r  Arthus r e a c t io n  they  d e sc r ib e d  as o c c u rr in g  

when a n t ig e n  r e a c te d  in  t i s s u e  spaces w ith  p r e c i p i t a t i n g  

an tib o d y  and produced e i t h e r  m ic ro p r e c ip i t a te s  in  and around
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the sm all v e s s e ls  causing  c e l l u l a r  damage, or so lu b le  

complexes o f  p o t e n t i a l l y  p r e c i p i t a t i n g  an tib o d y  and 

a n t ig e n ,  when the  l a t t e r  was p re s e n t  i n  ex c ess .  These 

complexes, d e p o s i te d  in  blood v e s se l  w a l l s ,  produced 

lo c a l-  in flam m ation . This type in c lu d ed  th e  lo c a l  Arthus 

r e a c t io n  and serum s ic k n e s s .

As Type IV, or delayed h y p e r s e n s i t i v i t y ,  they  d e sc r ib e d  

the  r e a c t io n  o f  s p e c i f i c a l l y  m odified  mononuclear c e l l s  

c o n ta in in g  a f a c t o r  ab le  to  respond to  a n t ig e n  d ep o s ited  a t  

a  lo c a l  s i t e .  This response  was c h a ra c te r i s e d  by i n f i l t r a t i o n  

a t  the  l o c a l  s i t e ,  o f  c e l l s  o f  r e t i c u l o - e n d o t h e l i a l  o r ig in ,  

as seen in  . r e a c t io n s  of  s e n s i t i s e d  in d iv id u a ls  to  tu b e rc le  

b a c i l l i  o r  to  m a te r ia l  d e r iv ed  from th e se  organisms i n j e c t e d  

in t r a d e rm a l ly .

As g e n e ra l i s e d  by Coombs and C e ll  ( I 963) the  m a n ife s t ­

a t io n s  of an ap h y lax is  a re  due to  c o n t r a c t io n  of smooth muscle 

and in c re a s e d  c a p i l l a r y  p e rm e a b i l i ty .
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ANAPHYLACTOID REACTIONS

I t  i s  im portan t to  d i s t in g u i s h  th e  above a l l e r g i c  

r e a c t io n s  from "a n ap h y lac to id "  r e a c t io n s  i n  which a n t ib o d ie s  

a re  n o t in v o lv ed  and hence no i n i t i a l  s t im u lu s  f o r  t h e i r  

fo rm a tio n  i s  n e c e s s a ry .  R eac tions  of  t h i s  s o r t  occur on the 

f i r s t  o ccas io n  o f  a d m in is t r a t io n  of a substance  which d i r e c t l y  

s t im u la te s  r e l e a s e  o f  p h a rm aco log ica lly  a c t iv e  su b s ta n c e s ,  

p r i n c i p a l l y  h is tam in e  bu t a lso  slow r e a c t i n g  substance (SRS) 

(P a ton , 1956) and, i n  the  r a t ,  5"hydroxytryptam ine ( P a r r a t t  

& West, 1957) '  Ankier and S t a r r  ( I 967) in v e s t ig a te d  the  

p o s s ib le  im portance o f  k in in s  and concluded t h a t  they could  

be exc luded  from the m ed ia tion  of the  an a p h y la c to id  r e a c t io n  

in  r a t s .  S e lye , i n  1957» f i r s t  d e sc r ib e d  an a p h y lac to id  

r e a c t io n s  produced in  Albino r a t s  by f r e s h  egg w hite i n j e c t e d  

i n t r a p e r i t o n e a l l y .  The r a t s  showed severe  oedema o f  th e  pavfs 

and nose . A s im i la r  e f f e c t  was found by M orrison , Bloom and 

R ichardson  in  I 95I  to  be produced in  r a t s  by d ex tra n .
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A naphylacto id  r e a c t io n s  in  o th e r  sp e c ie s  to  c e r t a in  

su b s ta n c e s ,  which appeared  sp e c ie s  s p e c i f i c  in  t h i s  

r e s p e c t ,  were re c o rd e d . A ll th e se  su b s tan ces  were, 

l i k e  d ex tra n ,  of la rg e  m olecu lar  s i z e .  D extran of  

m olecu lar  w eight of 100,000 was found by H alpern  (1956) 

to  p rov ide  optimum an a p h y lac to id  a c t i v i t y  in  r a t s .

F e ld b e rg  and S ohach te r ,  in  1952, produced th e  e f f e c t  i n  

c a t s  w ith  horse  serum and Halpern a n d -B r io t ,  in  1955, in  

dogs w ith  p o ly v in y lp y rro l id o n e  (PVP). The ex a c t mechanism 

of r e l e a s e  of the  m ed ia to rs  in  an a p h y lac to id  r e a c t io n s  i s  

no t known. Paton  (1956) in  rev iew ing  the  mechanism of 

h is tam in e  r e l e a s e  c l a s s i f i e d  substances  w ith  th e  a b i l i t y  

to  cause h is tam in e  r e l e a s e  as  f o l lo w s : -

1) S e n s i t i s i n g  compounds, i . e .  a n t ig e n s  and h ap ten s .

2) Compounds damaging t i s s u e s ,  e .g .  venoms, to x in s .

3) P r o t e o ly t i c  enzymes, e .g .  t r y p s in .

4) S u r f a c e - a c t iv e  a g e n ts ,  e .g .  Tween 20.
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5) Large m olecu les , e .g .  egg w h ite , d ex tra n .

6) H istam ine l i b e r a t o r s ,  e .g .  compound 48/80 , 

d ib a s ic  and p o ly b a s ic  compounds.

7) Monobasic compounds, e .g .  A lkylam ines, oc ty lam ine .

The "h is tam ine  l i b e r a t o r s , "  such as compound 48/80, 

were d is t in g u is h e d  from the monobasic compounds such as 

octy lam ine by Paton  as  they  appeared to  d i f f e r  in  th a t  the 

form er caused a s h o r t  ex p lo s iv e  r e le a s e  whereas the  l a t t e r  

caused a more p ro longed  r e le a s e  as  dem onstra ted  by Wilson*s 

experim ents  on u r in a r y  h is tam ine  e x c re t io n  i n  r a t s  in  1954*
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a)  EXPiSRIMEM'AI.I.Y INDUCED ANAPHYLAXIS

The methods used to  induce an ap h y lax is ,  th e  n a tu re  

o f  the  r e a c t io n  and the m ed ia to rs  in v o lv ed  in  the  gu inea-  

p ig  w i l l  be ou tl in ed #  This w i l l  be fo llow ed  by a  s im i la r  

rev iew  o f  the  e x te n s iv e  l i t e r a t u r e  d e a l in g  w ith  anaphy lax is  

in  dogs, r a b b i t s ,  r a t s  and mice. Less in fo rm a tio n  i s  a v a i l ­

ab le  r e g a rd in g  an ap h y lax is  in  c a t s ,  p ig s ,  sheep, c a t t l e  and 

h o r s e s .  R e levan t ex perim en ta l work which has been c a r r i e d  

ou t in  th e se  sp e c ie s  w i l l  be review ed. T h is  w i l l  be fo llow ed  

by an account of n a t u r a l l y  o c c u rr in g  d is e a s e s  in  which th e re  

i s  re a so n  to  b e l ie v e  t h a t  h y p e r s e n s i t iv i ty  i s  in vo lved . Those 

d is e a s e s  a f f e c t i n g  c a t t l e  w i l l  be d isc u sse d  in  d e t a i l .  Those 

a f f e c t i n g  h o rse s ,  sheep, p ig s ,  c a ts  and dogs w i l l  a lso  be 

d e s c r ib e d  and the  v a s t  l i t e r a t u r e  on h y p e r s e n s i t i v i t y  d is e a s e s  

o f  humans w i l l  be summarised.
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1) ANAPHYLAXIS IN THE GUINEA-PIG 

INDUCTION

O tto , in  1906 , reco rd ed  anaphy lax is  produced in  

g u in e a -p ig s  by fo re ig n  serum. He showed t h a t  an i n t e r v a l  

o f  10 days e lap se d  a f t e r  the s e n s i t i s i n g  dose befo re  

s e n s i t i v i t y  was e s ta b l i s h e d ,  and t h a t  r e a c t io n s  d id  n o t 

occur when la rg e  i n j e c t io n s  o f  serum were g iven  a t  s h o r te r  

i n t e r v a l s .  Rosenau and Anderson ( I 906 , I 907) e s ta b l i s h e d  

t h a t  g u in e a -p ig s ,  s e n s i t i s e d  to  horse  serum, r e a c te d
a

S p e c i f i c a l l y  to  t h a t  a n t ig e n .  They confirm ed t h a t  a  l a t e n t  

p e r io d  o f  a t  l e a s t  10 days was n ec essa ry  and t h a t  hyper­

s e n s i t i v i t y ,  once e s t a b l i s h e d ,  l a s t e d  f o r  s e v e r a l  months. 

Rosenau and Anderson found t h a t  a  s e n s i t i s i n g  dose of as 

l i t t l e  as 1 .0  p i . o f  serum was e f f e c t iv e  b u t l a r g e r  cha llenge  

doses o f  the  o rd e r  o f  0 . 01- 0 .1  m l. ,  were n e c essa ry  to  induce 

a n a p h y lax is .  However, i t  was l a t e r  e s t a b l i s h e d  (Coulson 

and S tevens , 1949) t h a t  the  ch a llenge  dose need no t be l a r g e r  

than  the minimal s e n s i t i s i n g  dose.
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A ch a llen g e  dose o f  0 .5  p g ,  ovalbumin produced 

r e a c t io n s  in  g u in e a -p ig s  s e n s i t i s e d  w ith  1 .0  ug . ovalbumin. 

Coulson e t . a l .  (1949) found th a t  5~è nionth o ld  g u in e a -p ig s  

r e q u i r e d  s e n s i t i s i n g  doses which were 20 tim es sm alle r  than  

those  r e q u i r e d  by an im als of one y ea r  o ld .  Thus the dose 

r e q u i r e d  v a r ie d  w ith  age.

, , I t  was e s t a b l i s h e d  (O tto , 190?; Doerr and Russ, 1909) 

t h a t  s e n s i t i v i t y  could  be t r a n s f e r r e d  p a s s iv e ly  by i n j e c t i n g  

serum from a h y p e r s e n s i t iv e  animal in to  a normal an im al. The 

sp e c ie s  o f  donor animal proved im p o rtan t.  Serum from gu in ea -  

p ig s ,  r a b b i t s  and humans vras e f f e c t iv e  in  g u in e a -p ig s .  That 

from h o rs e s ,  p ig s ,  sheep and goa ts  was i n e f f e c t i v e .  Doerr 

and Russ ( 1909) showed th a t  the  degree o f  s e n s i t i v i t y  produced 

was r e l a t e d  to  the  p r e c i p i t a t i n g  an tibody  co n ten t  o f  th e  serum, 

B en ace rra f  and Kabat ( 1949) showed th a t  th e re  was a  q u a n t i t ­

a t i v e  r e l a t i o n s h i p  between the  dose of an tib o d y  t r a n s f e r r e d  

and the  l a t e n t  p e r io d  n ecessa ry  between i n j e c t i o n  of  serum
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and ch a llen g e  w ith  a n t ig e n .  This p e r io d ,  u s u a l ly  from 4 

to  24 h o u rs ,  was b e l iev e d  to  be n ecessa ry  f o r  f i x a t i o n  of 

an tib o d y  to  t i s s u e  c e l l s  (W eil, 1^12; I 9I 4 )* With la rg e

doses o f  an tib o d y  B enacerra f  and Kabat showed t h a t  immediate 

r e a c t io n s  could  be o b ta in ed  bu t t h i s  may have invo lved  

d i f f e r e n t  mechanisms. Kabat and Landow (1942) showed t h a t  

the amount o f  a n t ig e n  r e q u i r e d  f o r  the ch a llenge  dose was 30 

t im es t h a t  g iv in g  op tim al p r e c i p i t a t i o n  w ith  the  amount of 

an t ib o d y  i n  the  b lood . This im p lied  th a t  a n t ig e n  was r e q u i r e d  

in  excess  of  t h a t  n e u t r a l i s e d  by c i r c u l a t i n g  an tibody  and 

su p p o rted  the  e a r l y  f in d in g  by Weil ( I 9I 2 ) t h a t  h igh  l e v e l s  

o f  c i r c u l a t i n g  an tibody  p ro te c te d  g u in e a -p ig s  a g a in s t  anaphy­

l a x i s

DESCRIPTION

W ithin  m inutes of  in trav e n o u s  i n j e c t i o n  o f  serum s e n s i t i s e d  

g u in e a -p ig s  showed severe  r e s p i r a t o r y  d i s t r e s s ,  dying in  up 

to  10 m inutes (O tto ,  I 906) .  Auer and Lewis in  I 9IO diagnosed
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as  d id  B ied l and Kraus ( 19IO), t h a t  t h i s  was due to  

b ro n o h o c o n s tr ic t io n ,  le a v in g  the lungs over i n f l a t e d  and 

u n ab le  to  c o l la p s e  when the th o rax  v/as opened a f t e r  d ea th ,

Auer and Lewis ( I 9IO) dem onstrated  a n a p h y la c t ic  broncho- 

o o n s t r i c t io n  a f t e r  d e s t ru c t io n  o f  the  c e n t r a l  nervous 

system and a f t e r  c u t t in g  of  the vagi (Auer, I 910) .  This 

showed i t  to  be independent of c e n t r a l  and r e f l e x  vagal 

m e d ia t io n .  Dale ( I 920) reproduced  i t  An i s o l a t e d  lung 

p e r fu se d  c l e a r  o f  b lood . The abundance o f  smooth muscle 

in  g u in e a -p ig  lungs was p o in te d  ou t by M il le r  ( I 921) as  

c o n t r ib u t in g  to  the r e l a t i v e  s e v e r i ty  o f  th e  b ro n o h o c o n s tr ic to r  

resp o n se  i n  t h i s  s p e c ie s .  Using l a b e l l e d  a n t ig e n s  to  

c h a lle n g e  s e n s i t i s e d  g u in e a -p ig s  Dixon and Warren ( I 95O) 

observed  s p e c i f i c  up take of a n t ig e n  by the  lung .

I n t r a - p e r i t o n e a l  a d m in is t r a t io n  o f  a n t ig e n  to  s e n s i t i s e d  

g u in e a -p ig s  could produce a d i f f e r e n t  r e s u l t ,  in  th a t  r e s ­

p i r a t o r y  embarrassment v/as n o t  marked. H ypotension, coma and
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d ea th  a f t e r  s e v e ra l  hours occu rred . Congestion of the 

l i v e r  and i n t e s t i n e s ,  w ith  only  patchy  oedema and haem­

orrhage in  the  lu n g s , was d esc r ib ed  (M artin  and C ro iz a t ,  (1927)*

P r o t r a c te d  a n a p h y la c t ic  shock was produced by sub­

cu taneous i n j e c t i o n  o f  a n t ig e n  in  a c t i v e ly  s e n s i t i s e d  gu inea-  

p ig s  ( s to n e ,  1958a ) .  These showed p r u r i t i s ,  dyspnoea, 

b r i s t l i n g  o f  f u r  and hypotherm ia, w ith  d ea th  o c c u rr in g  a f t e r  

s e v e ra l  h o u rs .  S t a s i s  and haemorrhage o f  the  a l im e n ta ry  

t r a c t  was d e sc r ib e d  a t  necropsy . From experim ents  on 

p a s s iv e ly  s e n s i t i s e d  g u in e a -p ig s  Stone ( 1958b) p o s tu la te d  

t h a t  h igh  l e v e l s  of c i r c u l a t i n g  an tibody  pro longed the  r e a c t io n .

The r e l a t i o n s h i p  between the dose o f  in tra v e n o u s ly  

a d m in is te re d  a n t ig e n  and the  s e v e r i t y  of  a n a p h y la c t ic  broncho- 

c o n s t r i c t i o n  was in v e s t ig a te d  a t  i n t e r v a l s  a f t e r  s e n s i t i s a t i o n  

to  a co n s tan t  dose o f  a n t ig e n  by Hicks and Okpako ( I 968) .  

A naphy lac tic  h y p e r s e n s i t i v i t y  was found to  in c re a s e  w ith  

co rresp o n d in g  s h i f t s  in  a n t ig e n  dose -response  cu rves , re a c h in g
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a maximal le v e l  a f t e r  6 weeks. I t  was found t h a t  w ith  

sm a lle r  s e n s i t i s i n g  doses h y p e r s e n s i t iv i ty  developed and 

d e c l in e d  more r a p id ly  than  when l a r g e r  doses were u sed .

In  1965 P a r i s h ,  H all and Coombs in v e s t ig a te d  the 

e f f e c t  o f  a n a e s th e s ia  on anaphy lax is  in  g u in e a -p ig s .  They 

found t h a t  dea th  due to  asphyxia  fo llo w in g  b ro n c h o c o n s tr ic t io n  

o ccu rred  when s e n s i t i s e d  anim als a n a e s th e t i s e d  w ith  h a lo th an e , 

d ie th y l  e th e r ,  n i t r o u s  oxide and t r i c h lo ro e th y le n e  or sodium 

p e n to b a rb ito n e  were cha llenged  by in tra v e n o u s  i n j e c t i o n  of 

a n t ig e n .  When th e  a n t ig e n  vms ad m in is te re d  by in h a la t io n ,  

on ly  a n a e s th e s ia  by d ie th y le th e r  co n fe rred  some p r o te c t io n .  

T h is  work showed t h a t ,  in  g u in ea -p ig s  a t  l e a s t ,  o b se rv a tio n s  

on a n a e s th e t i s e d  an im als , w ith  the  o p p o r tu n i ty  to  measure 

b lood p re s su re  and o th e r  changes in  such a s i t u a t i o n ,  would 

be a p p l ic a b le  to  anaphy lax is  in  conscious an im als . I t  a l s o  

showed t h a t  sudden dea th  of h y p e r s e n s i t iv e  in d iv id u a ls  could 

occur as a r e s u l t  o f  in h a la t io n  o f  r e g u r g i t a t e d  a n t ig e n  or
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a d m in is t r a t io n  o f  a n t ig e n  in  the  form o f  drugs o r  fo re ig n  

serum d u r in g  a n a e s th e s ia  or  deep s le e p .

S ch u ltz  ( 1910) and Dale ( I 913) dem onstra ted  s p e c i f i c  

re sp o n se s  to  a n t ig e n  o f  i s o l a t e d  i n t e s t i n e  and u te ru s  from 

s e n s i t i s e d  g u in e a -p ig s .  Follow ing an a n a p h y la c t ic  c o n t r a c t io n  

re sp o n se s  to  su c cess iv e  doses of a n t ig e n  were ab sen t o r  g r e a t ly  

d im in ished  in  s i z e .  They b e l ie v e d  t h i s  to  be due to  ex h a u s tio n  

of t i s su e -b o u n d  a n t ib o d y  as s e n s i t i v i t y  was r e s to r e d  by 

exposure o f  the  t i s s u e s  fo r  s e v e ra l  hours to  serum from 

s e n s i t i s e d  g u in e a -p ig s  (D ale, I 920) .

MEDIATORS

i )  HISTAMINE

Dale and o th e r s  p o s tu la te d  the  r e le a s e  o f  some substance  

from th e  c e l l s  of the  s e n s i t i s e d  t i s s u e  as a  consequence of 

a n t ib o d y  combining w ith  a n t ig e n  (Dale and Laidlaw , I 9I I ;  Dale, 

1920 ; Dale and Kellaway, 1922; Dale, I 929) .  They suggested  

t h a t  h is tam ine  might be the substance  in  q u e s t io n  and in  1952
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B arto sch , F e ld b erg  and Nagel dem onstrated l i b e r a t i o n  of 

h is tam in e  from i s o l a t e d  s e n s i t i s e d  g u in e a -p ig  lung  by 

p e r fu s io n  w ith  a n t ig e n .  B artosch  (1935) showed t h a t  th e re  

was a d i f f e re n c e  between the h is tam ine  co n ten t of p e rfu sed  

and u n p erfu sed  lung  from the  same an im al, confirm ing  t h a t  

r e l e a s e  o f  .h istam ine had o ccu rred . S c h i ld  (1939) dem onstrated  

h is tam in e  r e l e a s e  by a n t ig e n  from a o r t a ,  i n t e s t i n e  and 

stomach. S im ila r  r e l e a s e  from sk in  was dem onstra ted  by 

Emmelin, Kahlson and Lindstrom in  1941*

R i le y  and West focused  i n t e r e s t  on mast c e l l s  as a 

source  of h is tam in e  when, in  1953» they  p o in te d  out a 

c o r r e l a t i o n  of  h is tam ine  co n ten t w ith  d e n s i ty  of mast c e l l s  

i n  many t i s s u e s .  Mo t a  and Vugman in  195^ and Boreus and 

C hakravarty  in  19&0 produced evidence t h a t  the  t i s s u e  mast 

c e l l  was the  source  o f  the  h is tam ine  r e le a s e d  in  an ap h y lax is .  

Mo t a  and Vugman showed a d e p le t io n  of about 'JOfo o f  the mast 

c e l l  c o n te n t  of g u in e a -p ig  lung  fo l lo w in g  a n a p h y lax is .
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Boreus and C hakravarty  ( I 960) c a r r i e d  out i n  v i t r o  experim ents 

in c u b a t in g  lung , a o r t a ,  t r a c h e a ,  u te r u s ,  s k in ,  h e a r t ,  l i v e r  

and s t r i a t e d  muscle w ith  a n t ig e n  and found a good c o r r e l a t io n  

between d isappearance  of  mast c e l l s  and r e le a s e  o f  h is ta m in e .  

R elease  o f  h is tam ine  and mast c e l l  d isappearance  were in c re a se d  

by in c r e a s in g  th e  c o n c e n tra t io n  of a n t ig e n  and in h ib i t e d  

by enzyme i n h i b i t o r s  such as io d o - a c e ta te .  The a e ro b ic  n a tu re  

o f  the  mechanism o f  h is tam ine  r e le a s e  from s e n s i t i s e d  t i s s u e  

by a n t ig e n  and the  im portance of SH and S-S groups was 

dem onstra ted  in  in c u b a t io n  experim ents u s in g  chopped lung   ̂

by Bdman, Mqpgar and S c h i ld  ( 1964) .  A lthough the  mast c e l l  

source o f  h is tam in e  was n o t  d isp u te d ,  i t  became c l e a r  th a t  

h is tam in e  could  be r e le a s e d  from mast c e l l  g ran u le s  w ithou t 

d e g ra n u la t io n  be ing  apparen t on h i s t o l o g i c a l  exam ination 

(West, 1956 , 1962) .  Boreus ( I 96O, 1961a) found d e p le t io n  of 

mast c e l l s  o f  the  n a s a l  mucosa of a n a e s th e t i s e d  g u in ea -p ig s  

to  occur a f t e r  anaphy lax is  in  v iv o . D ep le tion  of mast c e l l s  

was p r o p o r t io n a l  to  the  ch a lle n g in g  dose o f  a n t ig e n  and the
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s e v e r i t y  o f  re sp o n se .  A naphylac tic  (S ch u ltz  -  Dale ) 

c o n t r a c t io n s  o f  u te r u s  and ileum  could occur w ith  only 

sm all r e d u c t io n s  in  the  numbers o f  mast c e l l s  (Boreus, 

1961b ) .  Changes o c c u rr in g  in  mast c e l l s  d u r in g  anaphy lax is  

have been review ed by Mota ( I 965).

Code ( 1939)» C ie r tz ,  Hahn, Hahn and Schmutzer ( I 962 ) 

and Logan ( I 967) found a 5 to  10 f o ld  in c re a s e  in  blood 

h is tam in e  l e v e l s  d u r in g  an ap h y lax is .

H istam ine alone could no t be h e ld  r e s p o n s ib le  f o r  a l l  

the  m a n ife s ta t io n s  o f  an a p h y lax is .  The development o f  to o ls  

f o r  i n v e s t i g a t i o n  in  the  form of a n t ih i s ta m in e s ,  drugs 

s p e c i f i c a l l y  a n t a g o n i s t i c  to  h is tam in e , s t r o n g ly  suggested  

t h a t  o th e r  su b s tan ces  were in v o lv ed . The s i t u a t i o n  was 

review ed by Mongar and S c h ild  in  I 962 . A n tih is tam in es  were 

found to  reduce the  b ro n c h o c o n s tr ic to r  response  to  a n t ig e n  

g iven  by i n j e c t i o n  (S taub and Bovet, 1957) or by in h a la t io n  

(Arm itage, Herxheimer and Rosa, 1952). The f a i l u r e  of
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a n t ih is ta m in e s  to  com pletely  a b o l is h  the response  could 

be ex p la in e d  e i t h e r  on the  grounds t h a t  r e l e a s e d  h is tam ine  

was l e s s  r e a d i l y  an tag o n ised  than  in j e c t e d  h is tam ine  or 

t h a t  o th e r  m ed ia to rs  were a ls o  invo lved . D a le 's  view (1948) 

t h a t  even very  h igh  c o n c e n tra t io n s  of  a n t ih i s ta m in e s  would 

be u n l ik e ly  to  s u c c e s s fu l ly  compete w ith  h is tam in e  r e le a s e d  

a t  i t s  s i t e  o f  a c t io n  and, th e r e fo r e ,  p re s e n t  a t  r e c e p to r  s i t e s  

in  ve ry  h ig h  c o n c e n t r a t io n s ,  seemed re a s o n a b le .  However, o th e r  

m ed ia to rs  were a ls o  i d e n t i f i e d ,  namely 5-hydroxy tryp tam ine , 

slow r e a c t in g  substance  of anaphy lax is  (SRS-A) and k in in s .  

Adenosine t r ip h o s p h a te  (ATP) and p ro s ta g la n d in s  have s in ce  

come u n d e r . su sp ic io n  bu t t h e i r  r o le  has n o t been confirm ed.

i i )  5-HYDROXYTRYPTAMINE

5-Hydroxytryptam ine s t im u la te d  b ro n c h ia l  c o n s t r i c t i o n  

b u t was shown n o t to  p lay  a major r o le  i n  anaphy lax is  in  the  

g u in e a -p ig  (Herxheimer, 1955)* I t s  r e l e a s e  from s e n s i t i s e d  

lung  and sp leen  in  v i t r o  was dem onstra ted , however, by Sanyal
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and West (1958b). C o l l i e r  and James ( 1967), u s in g  the 

5-hydroxy tryp tam ine a n ta g o n is t ,  m ethyserg ide , ag reed  w ith  

Hexheimer and o th e r s  t h a t  5"hydroxytryptam ine d id  no t 

p a r t i c i p a t e  s i g n i f i c a n t l y  in  the  b ro n c h o c o n s tr ic t io n  ob­

se rved  in  an ap h y lax is  in  the g u in e a -p ig .  5-Eydroxytryptam ine 

was shown to  be r e le a s e d  from i n t e s t i n e  and sp leen  d u rin g  

an a p h y la x is ,  by E ngelha rd t in  I 96O. A com bination of ly s e r g i c  

a c id  d ie thy lam ide  (LSD), a n t ih is ta m in e  and a t ro p in e  was found 

n e c essa ry  by G eiger and A lpers in  1959 to  supp ress  com pletely  

the S ohu ltz -D ale  r e a c t io n  o f  the g u in e a -p ig  u t e r u s .

i i i )  SLOW REACTING SUBSTANCE OF ANAPHYLAXIS (SRS-A)

Slow r e a c t in g  substance  (SRS) was so c a l l e d  because of 

the  slow c o n t r a c t io n  which i t  evoked in  g u in e a -p ig  ileum , in  

c o n t r a s t  to  the  more r a p id  c o n t r a c t io n  evoked by h is ta m in e .

I t s  appearance in  p e r f u s a te  from i s o l a t e d ,  s e n s i t i s e d  g u inea-  

p ig  lu n g  d u ring  p e r fu s io n  w ith  a n t ig e n  was f i r s t  d e te c te d  by 

Kellaway and Trethew ie in  I 94O* F e ldberg  and Kellaway ( 1957b) had
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observed  r e l e a s e  of a s im i la r  substance from lung  p e rfu sed  

by snake venom^5 y e a rs  p re v io u s ly .  B ro ck leh u rs t  (1953»

1955) observed r e l e a s e  o f  t h i s  substance  on p e r fu s io n  o f  

s e n s i t i s e d  lung  w ith  a n t ig e n .  He showed i t  to  d i f f e r  in  i t s  

pharm aco log ical p r o p e r t i e s  from 5~hydroxytryptaraine, b rady- 

k in in ,  su b s tan ce P  and h is ta m in e .  As i t s  a c t i v i t y  on guinea,- 

p ig  ileum  was u n a f f e c te d  by mepyramine, SRS could  be assayed 

on t h i s  p r e p a ra t io n  in  the  presence of t h i s  a n t ih is ta m in e .  

B ro c k leh u rs t  c a l l e d  h is  substance  SRS-A (slow  r e a c t in g  

substance  o f  an ap h y lax is )  to  d i s t in g u i s h  i t  from o th e r  slow 

r e a c t i n g  su b s tan ces  (B ro c k le h u rs t ,  I 960) .  Continued i n v e s t ­

i g a t i o n  o f  t h i s  substance  re v e a le d  th a t  th e  o u tp u t o f  SRS-A 

from p e r fu se d  lungs o f  s e n s i t i s e d  g u in e a -p ig s  was slow er in  

o n se t  and more prolonged than t h a t  of h is ta m in e .  SRS-A was 

formed as a r e s u l t  of the  a n t ib o d y -a n t ig e n  r e a c t io n  in  the 

lung , u n l ik e  h is tam ine  which was r e le a s e d  from p r e - e x i s t i n g  

s to r e s  in  the lu n g . Antigen p e r fu s io n  d im in ished  the  h is tam ine
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co n ten t  o f  lung  whereas unshooked lung  had a very  low 

c o n te n t  o f  SRS-A compared to  shocked lung . B ro ck leh u rs t  

( i 960) e l im in a te d  blood p l a t e l e t s  as  a source of  SRS-A.

He o b ta in ed  SRS-A from the p e rfu sed  lungs o f  g u in e a -p ig s  

which had been d e p le te d  of t h e i r  p l a t e l e t s  by trea tm en t 

w ith  a n t i - p l a t e l e t  serum. He a lso  showed t h a t  t i s s u e  from 

organs o th e r  than  lung  could form SRS-A. V ascular t i s s u e  

and, to  a l e s s e r  e x te n t ,  s a l iv a r y  g land, sp le e n  and u te ru s  

had t h i s  p ro p e r ty .  A f te r  in c u b a t io n  of minced t i s s u e  w ith  

a n t ig e n ,  u s in g  the  techn ique  o f  Mongar and S c h i ld  (1956), 

B ro c k le h u rs t  was ab le  to  show the p resence of SRS-A in  the  

b a th in g  f l u i d  bu t t h i s  technique proved l e s s  s a t i s f a c t o r y  

f o r  d e te c t io n  o f  SRS-A than  was p e r fu s io n .  B ro ck leh u rs t  

( i 960) found t h a t  SRS-A was p re se n t  in  the  e f f l u e n t  a f t e r  

a n t ig e n  had been added to  the  p e rfu sed  lungs  o f  s e n s i t i s e d  

r a b b i t s ,  monkeys and a s th m a tic  humans. No SRS-A or h is tam ine  

was d e te c te d  in  lungs o f  s e n s i t i s e d  r a t s ,  h o rse s  or g o a ts .  

SRS-A has never been d e te c te d  in  b lood .
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The ex ac t chemical s t r u c tu r e  of SRS-A i s  unknown.

Berry  and C o l l i e r  ( 1964) found t h a t ,  in  t h e i r  hands, the 

p r o p e r t i e s  o f  SRS-A were s l i g h t l y  d i f f e r e n t  from those  

d e s c r ib e d  by B ro ck leh u rs t  and suggested  t h a t  SRS-A co n ta in ed  

more than  one component. Berry and C o l l i e r  ( I 964) found th a t  

SRS-A p rep ared  by them d i f f e r e d  from t h a t  o f  B ro ck leh u rs t  

p a r t i c u l a r l y  in  t h a t  i t  had a c o n s t r i c to r  e f f e c t  on the  

i s o l a t e d  t r a c h e a l  muscle o f  the g u in e a -p ig .  Marquis ( I 966) 

a s c r ib e d  some o f  the c o n s t r i c to r  e f f e c t s  d e s c r ib e d  by th e se  

workers to  the  presence of c y s te in e  which was used  as  an 

a n t i - o x id a n t  in  the  p e r fu s io n  f l u i d .  C o l l i e r  and James ( I 967 ) 

r e p o r te d  e x te n s iv e  in v e s t ig a t io n s  of the  r o l e  o f  SRS-A in  

r e l a t i o n  to  o th e r  humoral f a c t o r s  in  acu te  a n a p h y la c t ic  

b ro n c h o c o n s tr ic t io n  i n  the g u in e a -p ig .  They measured

II
b ro n c h o c o n s tr ic t io n  by the  method o f  K onzett and R o ss le r

( 1940) as  m odified  by C o l l i e r ,  H o lga te , S chach ter  and 

Sho rley  ( i 960) and used  s p e c i f i c  and s e l e c t iv e  a n ta g o n is t s
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to  su p p ress  the  e f f e c t s  o f  in d iv id u a l  su b s ta n c e s .  They 

found t h a t  a c e t y l s a l i c y l i c  a c id  ( a s p i r i n )  and meclofenamate, 

which a n tag o n ise  SRS-A, k in in s  and ATP, suppressed  p a r t  of 

the  response  to  in t ra v e n o u s ly  ad m in is te re d  a n t ig e n .  By 

in d u c in g  ta ch y p h y la x is  s e p a ra te ly  to  b rad y k in in  and to  SRS-A, 

by re p e a te d  a d m in is t r a t io n  o f  s u b - le th a l  doses , they  were 

a b le  to  show t h a t  bo th  th e se  subs tances  p a r t i c i p a t e d ,  Meclo­

fenam ate , which i s  th e  sodium s a l t  of - N -(2 , 6 -d ic h lo ro m - to ly l )  

a n t h r a n i l i c  a c id  (Winder, Wax and V/elford, I 965 ) resem bles 

a c e t y l s a l i c y l a t e  in  i t s  pharm acological p r o p e r t i e s  bu t i s  

more p o te n t .  C o l l i e r  and James ( I 967) showed t h a t  the a n t i ­

h is ta m in e ,  mepyramine and meclofenamate to g e th e r  suppressed  

m o s tjb u t n o t a l l , o f  the  a n a p h y la c t ic  re sp o n se . They a lso  

proved t h a t  r e l e a s e  of catecholam ines d u r in g  th e  r e a c t io n  

m oderated the b ro n c h o c o n s tr ic t io n .  P ip e r ,  C o l l i e r  and Vane 

in  1967 dem onstra ted  t h a t  h is tam in e , b ra d y k in in ,  SRS-A and 

an ap h y lax is  a l l  l i b e r a t e d  ca techo lam ines , m ainly a d re n a l in e ,  

in to  the  c i r c u l a t i o n  o f  the  g u in e a -p ig .
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The main d i f f i c u l t y  in  s tu d y in g  SES-A i s ,  a s  was 

p o in te d  ou t by Marquis ( I 966) , th e  u n c e r t a in ty  as  to  the  

degree o f  p u r i ty  o f  samples being  in v e s t ig a te d .  Marquis 

( 1966) d e sc r ib e d  a method o f  o b ta in in g  SRS-A, from p e r fu s a te  

o f  g u in e a -p ig  lung , by e th an o l e x t r a c t io n  of f r e e z e  d r ie d  

lung  p e r fu s a te  fo llow ed  by ad s o rp t io n  on s p e c i a l l y  p repared  

a c t iv a t e d  alumina and e lu t io n  by passage o f  a  so lv e n t  con­

t a i n i n g  d e c re a s in g  c o n c e n tra t io n s  of  e th a n o l  in  w a te r .  He 

r e - i n v e s t i g a t e d  the  pharmacology of t h i s  alum ina p u r i f i e d  

m a te r ia l^  d i s t in g u is h in g  i t  from SRS-A o f  o th e r  workers and

r e l a t i n g  d i f f e re n c e s  in  a c t i v i t y  to  d i f f e r e n c e s  in  degrees 

o f  p u r i t y  and methods of lung  p e r fu s io n .  Smith ( 1962)^and 

Anderson, Goadby and Smith ( I 963) p re se n te d  evidence f o r  the 

r e l e a s e  o f  s i a l i c  a c id s  d u ring  an ap h y lax is  i n  g u in e a -p ig  

lungs  i n  v i t r o  and concluded t h a t  SRS-A was a  m ix tu re  o f  

neuram in ic  a c id  g ly c o s id e s .  This p o s s i b i l i t y  was r e - in v e s t i g a t e d  

by C i r s t e a ,  N icu lesou , R usov ic i and Suhaciu ( I 967) who found
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t h a t  the  th re s h o ld  c o n c e n tra t io n s  o f  a l l  o f  the s i a l i c  a c id  

d e r iv a t iv e s  w ith  gut s t im u la t in g  a c t i v i t y  were over 20 tim es 

h ig h e r  than  t h a t  o f  s i a l i c  a c id  in  a n a p h y la c t ic  f l u i d  con­

t r a c t i n g  gu inea p ig  ileum in  the p resence o f  raepyramine.

Also SRS-A proved to  be l e s s  r e s i s t a n t  to  in c re a se d  tem p era tu re ,  

low pH and s to ra g e  than  f re e  s i a l i c  a c id s .  This d isp roved  

the  h y p o th e s is  t h a t  SRS-A was a  m ixture o f  neuram inic  a c id  

g ly c o s id e s .  These w orkers found that-SRS-A was d ia ly s a b le  

and co n s id e red  t h a t  i t  vfas no t t r u l y  bound to  p r o te in s  as 

s t a t e d  by B ro ck leh u rs t  ( I 962) .

iv )  KININS

C o l l i e r  and James ( I 967) concluded t h a t  k in in s  p a r t i ­

c ip a te d  in  a n a p h y la c t ic  b ro n c h o c o n s tr ic t io n ,  t h e i r  antagonism 

c o n t r ib u t in g  to  the  p r o te c t iv e  e f f e c t  o f  meclofenamate in  

a n a p h y la x is .  K in ins  a re  p o ly p e p t id e s ,  c o n s i s t in g  of  9 or 10 

amino a c id s .  They in c lu d e  b rad y k in in , k a l l i d i n  and o th e r  

r e l a t e d  compounds, l a r g e ly  in d i s t in g u is h a b le  by t h e i r
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pharm aco log ica l p r o p e r t i e s .  B ro ck leh u rs t  and L a h ir i  

( 1963) dem onstra ted  k a l l i k r e i n ,  an enzyme which a c t s  on 

k in inogens to  form k in in s ,  i n  the e f f l u e n t  from p e rfu sed , 

s e n s i t i s e d  g u in e a -p ig  lung . No k in in  was p re s e n t  hu t 

k in in a se  which d e s tro y s  k in in s  was found. Jonasson and 

Becker ( I 966) a l s o  dem onstrated  k a l l i k r e i n  r e l e a s e  from 

s e n s i t i s e d  g u in e a -p ig  lu n g  fo l lo w in g  a n t ig e n  p e r fu s io n .  

They suggested  t h a t  t h i s  lung  k a l l i k r e i n  was id e n t i c a l  

w ith  plasma k a l l i k r e i n  and produced evidence su g g e s t in g  

t h a t  a c t i v a t i o n  o f  the  enzyme by the a n t ig e n -a n t ib o d y  

r e a c t io n  proceeded through the  Hageman f a c t o r  invo lved  in  

b lood  c l o t t i n g .  Although i t  has been proved th a t  k in in s  

a re  v ery  r a p id ly  d e s tro y e d , p a r t i c u l a r l y  i n  th e  lungs 

( F e r r e i r a  and Vane, 19&7; Vane, I 968) ,  B ro ck leh u rs t  and 

L a h i r i  in  I 962 showed a r i s e  in  b lood k in in  c o n te n t  2 .5  

m inutes a f t e r  in tra v e n o u s  cha llenge o f  s e n s i t i s e d  gu inea-  

p ig s .  Other workers showed a co rrespond ing  f a l l  in  the
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kin inogen  le v e l  o f  plasma (G ree ff ,  S oharnagel, Luhr and 

•Strobaoh, I 966) .  The a c t io n  o f  b rad y k in in  i n  in d u c in g  

b ro n c h o c o n s tr ic t io n  in  th e  g u in e a -p ig  was f i r s t  d e sc r ib e d  

by C o l l i e r ,  H o lga te , S chach ter  and Shorley  (1959» I9 6 0 ). 

S u p p ress io n  of t h i s  b ro n c h o c o n s tr ic to r  response  to  k in in ,  

as to  SRS-A, by a s p i r i n  and r e l a t e d  a n t i p y r e t i c  d rugs, 

a c t in g  as  lo c a l  a n ta g o n is t s ,  was dem onstrated  by C o l l i e r ,

James and P ip e r  ( 1965).; C o l l i e r ,  James and Schneider ( I 966 ) ,  

C o l l i e r  and James ( I 967) .

v) ADENOSINE TRIPHOSPHATE (ATP)

Adenosine- 5- t r ip h o s p h a te  (ATP) was shown to  induce 

b ro n c h o c o n s tr ic t io n  i n  g u in e a -p ig  lungs ( C o l l i e r ,  James and 

S ch n e id e r ,  I 966) .  I t s  potency was lower th a n  t h a t  of h is tam ine  

or  b ra d y k in in  i n  t h i s  r e s p e c t  bu t i t  v/as an tag o n ise d , l i k e  

b ra d y k in in  and SRS-A, by meclofenamate. Kitamura ( I 965 

was unab le  to  dem onstrate  r e le a s e  of ATP from lung  during  

an ap h y lax is  in  the  g u in e a -p ig  and in  I 967 C o l l i e r  and James
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accounted  f o r  th e  p r o te c t iv e  e f f e c t  of meclofenamate in  

an ap h y lax is  as  be ing  e n t i r e l y  due to  antagonism  o f  SRS-A 

and b ra d y k in in .

v i )  PROSTAGLANDINS

The p ro s ta g la n d in s  a re  a group of su b s ta n c e s ,  most of 

which a re  k e to n es ,  w ith  a c t i v i t y  on smooth m uscle . The f i r s t  

was d e te c te d  in  human semen bu t they  have a l s o  been d e te c te d  

in  most o th e r  t i s s u e s  in c lu d in g  lung  ( E d i t o r i a l ,  I 968) .  

P ro s ta g la n d in  been found in  the  lung  and

PGPg^was shown to  be among those su b s tan ces  in c r e a s in g  

a i r  overflow  volume in  the  K o n ze tt-R o ss le r  p re p a ra t io n  of 

g u in e a -p ig  lungs (B erry  and C o l l i e r ,  1964) .  This p ro s ta g la n d in  

c o n t ra c te d  i s o l a t e d  human b ro n c h ia l  muscle (Sweatman and 

C o l l i e r ,  I 968) .  They d is t in g u is h e d  i t  from SRS-A by p ro ­

ducing ta ch y p h y la x is  to  e i t h e r  substance in d ep en d en tly .  

P ro s ta g la n d in s  and E^ re la x e d  human b ro n c h ia l  m uscle.

Thus, i t  i s  p o s s ib le  t h a t  c e r t a in  p ro s ta g la n d in s  p a r t i c i p a t e
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in  the  b ro n c h o c o n s tr ic to r  response  of an ap h y lax is  e i t h e r  

by i n t e n s i f y i n g  the  e f f e c t  o r ,  l i k e  the ca techo lam ines , by 

m odify ing  i t .

v i i )  ACETYLCHOLINE

A ce ty lch o l in e  c o n t r a c ts  b ro n ch ia l  muscle (D ale, I 9I 4 ) 

bu t C o l l i e r  and James ( I 967) found t h a t  a t ro p in e  f a i l e d  to  

reduce a n a p h y la c t ic  b ro n c h o c o n s tr ic t io n  and B ro ck leh u rs t  

( 1958) d e te c te d  no a c e ty lc h o l in e  in  the  p e r f u s a te  of  the  

i s o l a t e d  lungs of s e n s i t i s e d  g u in e a -p ig s .  Auer and Lewis 

( 1910) and A lb e r ty  (1959) found th a t  a t ro p in e  reduced the 

b ro n c h o c o n s tr ic to r  response  to  in tra v e n o u s  a n t ig e n s ,  a l th o u g h  

c u t t i n g  and d eg en e ra tio n  o f  the, vag i (Auer, I 9I 0 ) d id  n o t 

reduce th e  s e v e r i ty  o f  the re sp o n se .  Arm itage, Herxheimer 

and Rosa (1952) found t h a t  a t ro p in e  had a  p r o te c t iv e  e f f e c t  

a g a in s t  in h a le d  a n t ig e n .  C o l l ie r  and James ( I 967 ) a s c r ib e d  

th e se  d is c re p a n c ie s  i n  the r e s u l t s  of d i f f e r e n t  w orkers to
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d i f f e r e n c e s  in  the  s e n s i t i s a t i o n  p rocedure , dep th  of 

a n a e s th e s ia  and, in  the  case of h i s  an im als , p re - t r e a tm e n t  

w ith  a ^ ^ - a d r e n e r g i c  r e c e p to r  a n ta g o n is t .  High doses o f  

a t ro p in e  may a ls o  be a c t in g  n o n - s p e c i f i o a l ly .

M il ls  and Widdioombe (1970) found t h a t  vagotomy 

reduced  b o th  the  re d u c t io n  in  t o t a l  lung  conductance and 

the  r e d u c t io n  in  lung compliance o c c u rr in g  d u r in g  anaphyl­

a x i s  in  g u in e a -p ig s .  Animals used  in  t h e i r  experim ents were 

a n a e s th e t i s e d ,  t r e a t e d  w ith  a muscle r e l a x a n t  and a r t i f i c i a l l y  

v e n t i l a t e d .  M il ls  and Widdicombe a l s o  sugges ted  th a t  d i s ­

c re p a n c ie s  in  th e  f in d in g s  o f  d i f f e r e n t  workers in  r e l a t i o n  

to  the  r o l e  o f  th e  vagus nerve in  an ap h y lax is  might be r e l a t e d  

to  the  depth  of a n a e s th e s ia  and to  the  use  of p i th e d  anim als 

( C o l l i e r  and James, I 967» C o l l i e r ,  H o lga te , Schach ter  and 

S h o rley , 1960) .
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CORTICOSTEROIDS

C o l l i e r  ( I 968) ,  rev iew ing  the  r o le  o f  humoral f a c t o r s  

in  b ro n c h o c o n s tr ic t io n ,  excluded c o r t i c o ïd e  as  major p a r t ­

i c i p a n t s  on the  grounds t h a t  i n j e c t i o n  of c o r t i c o id s  had 

l i t t l e  e f f e c t  on b ro n c h o c o n s tr ic t io n  and adrenalectom y was 

l e s s  e f f e c t i v e  t h a n ^  - a d re n e rg ic  blockade in  i n t e n s i f y in g  

the  re sp o n se .

STOvIARY

C o l l i e r  ( I 968) demanded 3 types  o f  ev idence f o r  the 

p a r t i c i p a t i o n  o f  a humoral f a c to r  in  a n a p h y la c t ic  broncho­

c o n s t r i c t i o n :  -

1 ) I t  should  appear or in c re a se  in  a  body f l u i d  a t  

the  time and s i t e  of a c t io n  and d isa p p ea r  o r  decrease  as  the  

r e a c t io n  wanes.

2 ) The f a c t o r  should  on in j e c t i o n  e l l i o i t  the  r e a c t io n  

i t  i s  claim ed to  be r e s p o n s ib le  f o r ,  a t  b lood  l e v e l s  ach ieved

d u r in g  the  n a tu r a l  r e a c t i o n .
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5) I t s  s p e c i f i c  a n ta g o n is t s  should  w holly or p a r t l y  

i n h i b i t  the  n a t u r a l  r e a c t io n .

On th e se  grounds h is tam in e ,  SRS-A and k in in s  a re  

m e d ia to rs  and ca techo lam ines m o d if ie rs  of the  r e a c t io n  in  

th e  gu inea  p ig .  However, C o l l i e r  ( I 968) p o in te d  out t h a t  

even a f t e r  antagonism  o f  the  3 major m ed ia to rs  th e re  was a 

r e s id u a l  degree of b ro n c h o c o n s tr ic t io n  which was i n t e n s i f i e d  

by a d re n e rg ic  b lockade. Even in  the g u in e a -p ig ,  which has 

been e x te n s iv e ly  s tu d ie d ,  the  m ed ia tion  o f  anaphy lax is  i s  

n o t  y e t  f u l l y  u n d ers to o d .
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2) ANAPHYLAXIS IN THE DOG 

INDUCTION

The phenomenon of anaphy lax is  vfas f i r s t  observed in  

the  dog. P o r t i e r  and R ich e t in  I 902 , w hile  in v e s t ig a t in g  

the t o x i c i t y  o f  e x t r a c t s  o f  sea  anemones in  dogs, found 

t h a t  where anim als t o l e r a t e d  an i n i t i a l  sm all dose of  e x t r a c t ,  

showing no i l l - e f f e c t s ,  a second a d m in is t r a t io n  o f  the  same 

dose 5 to  4 weeks l a t e r ,  r e s u l t e d  in  a severe  r e a c t io n ,  f a t a l  

w ith in  one to  2 ho u rs . The dogs c o l la p se d  showing symptoms 

a s s o c ia te d  w ith  the  a l im e n ta ry  t r a c t ,  namely vom iting , b lood 

and d ia r rh o e a .  A rthus i n  I 9O9 showed t h a t  t h i s  phenomenon 

could  be developed to  n o n - to x ic  p r o te in s ,  such as egg albumin, 

to  which a n t ib o d ie s  were formed.

DESCRIPTION

B iedl and Kraus in  I 9IO d e te c te d  marked hypo tension  

d u r in g  an ap h y lax is  in  the  dog. Manwaring ( I 9I 0 ) ex p e r im e n ta l ly
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exc luded  v a r io u s  abdominal organs from the  c i r c u l a t i o n  

by means o f  l i g a t u r e s  and examined the  subsequent e f f e c t  

on a n a p h y lax is .  T o ta l  e x c lu s io n  of the  abdominal organs 

p rev en ted  shock b u t ex c lu s io n  of stomach, i n t e s t i n e s ,  

k id n ey s , a d re n a ls  and sp leen  was i n e f f e c t i v e .  The r e a c t io n  

was l a t e r  shown to  be p reven ted  by e x c lu s io n  o f  the l i v e r  

from the  c i r c u l a t i o n  (V oeg tlin  and Bernheim, I 9I I ) .  Weil 

( 1917) observed  t h a t , a f t e r  anaphy lax is  in  the dog^the l i v e r  

was congested  and suggested  t h a t  s ta g n a t io n  o f  b lood in  t h i s  

organ could  account f o r  the severe f a l l  in  system ic blood 

p r e s s u re .  Manwaring, Hosepian, O 'N eil and Moy ( I 925) p ro ­

v id e d  m ore-conclusive  evidence o f  the  im portance o f  the  

l i v e r  in  an ap h y lax is  in  the  dog by t r a n s f u s in g  the  l i v e r  o f  

a  s e n s i t i s e d  dog from the  c i r c u l a t i o n  o f  an o th e r  normal 

u n s e n s i t i s e d  dog or an e v i s c e ra te d  dog. They showed t h a t  

i n j e c t i o n  of  a n t ig e n  produced a f a l l  in  sys tem ic  b lood 

p re s su re  and a r i s e  i n  i n t r a c y s t i c  p re s s u re .  The occurrence
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o f  le u co p en ia  and throm bocytopenia in  an ap h y lax is  was 

re co rd ed  by Dean and Webb in  1924* Webb ( I 924) showed 

t h i s  to  be a s s o c ia te d  w ith  accum ulation  of le u c o c y te s ,  

p a r t i c u l a r l y  polymorphonuclear n e u t ro p h i l  le u c o c y te s ,  in  

the  c a p i l l a r i e s  o f  the  lu n g s .

MEDIATORS

i )  HISTAMINE

Manwaring e t . a l . ( I 925) found th a t  i n j e c t i o n  of 

a n t ig e n  r e s u l t e d  in  r e l e a s e ,  from the  l i v e r  of a s e n s i t i s e d  

dog, o f  a chemical substance  w ith  hypo tensive  and smooth 

muscle s t im u la t in g  p r o p e r t i e s .  Such a substance  was d e te c te d  

in  th o r a c ic  duct lymph o f  a dog showing an ap h y lax is  by 

D ra g s te d t and Gebauer-Fuelnegg in  I 932 and in  1936 D rag s ted t 

and Mead re co v e re d  the  same substance  from the  c i r c u l a t i o n  

im m ediately  a f t e r  i n j e c t i o n  of a n t ig e n .  D ra g s te d t  e t . a l . 

( 1952 , 1936) deduced from i t s  chemical and pharm acological
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p r o p e r t i e s  t h a t  t h i s  substance  was h is ta m in e .  Code in  

1959 confirm ed t h e i r  f in d in g s  and O je rs ,  Holmes and D rag s ted t

( 1941) showed t h a t  the  h is tam ine  con ten t o f  the  l i v e r  was 

reduced  a f t e r  an aphy lax is  by as much as

i i )  HBPAHIH

A rthus ( 1909) and B ied l and Kraus ( I 9I 0 ) observed t h a t  

d u r in g  an ap h y lax is  in  th e  dog the  blood c l o t t i n g  time was 

in c re a s e d .  Jaques and Waters in  1941 dem onstra ted  t h a t  t h i s  

was a s s o c ia te d  w ith  h ep a r in  r e l e a s e  in to  the  c i r c u l a t i o n  when 

they  i s o l a t e d  h e p a r in  from the  b lood  of dogs d u r in g  anaphy lax is  

They found th a t  th ey  were unable to  i s o l a t e  h e p a r in  from the 

b lood  o f  u n s e n s i t i s e d  c o n t ro l  dogs or o f  s e n s i t i s e d  dogs 

ch a llen g ed  a f t e r  removal o f  the  l i v e r .  They deduced th a t  

h e p a r in  was l i b e r a t e d  w ith  h is tam ine  from th e  l i v e r  o f  the  

dog d u r in g  an ap h y lax is .
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MAST CELLS. In  I 946 h ep a r in  was re c o g n ise d  by 

Jo rp e s  as  a  c o n s t i tu e n t  of mast c e l l  g ran u le s  and in  1953 

R i le y  and West dem onstrated  the a s s o c ia t io n  between the  

h is tam in e  co n ten t  o f  t i s s u e s  and the d e n s i ty  of t h e i r  

p o p u la t io n  of mast c e l l s .  Akcasu and West ( I 96O) c a r r i e d  

o u t in v e s t ig a t i o n s  in to  changes o c c u rr in g  in  mast c e l l s  

d u r in g  an ap h y lax is  i n  the  dog and compared th e  h is tam ine  

and 5“hydroxytryptam ine c o n ten ts  o f  d i f f e r e n t  t i s s u e s  of 

the  dog w ith  t h e i r  mast c e l l  c o n te n t .  They found th a t  

l i v e r  co n ta in ed  many mast c e l l s  and la rg e  amounts of 5" 

hydroxytryp tam ine as  w e ll as h is tam in e . Sanyal and West 

( 1958b)) however, had found t h a t ,  w hile  h is tam in e  was 

r e l e a s e d  from bo th  the  l i v e r  and the sp le e n  as a r e s u l t  

o f  anaphy lax is  i n  the  dog, they  could  d e te c t  no lo s s  of 

5-hydroxy tryp tam ine  from e i t h e r  the l i v e r  o r  the  sp leen .

Akcasu and West ( I 960) observed ex te n s iv e  mast c e l l  damage 

in  the l i v e r  a f t e r  in d u c t io n  of a n a p h y la x is .  Unlike h is tam ine
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r e l e a s e  and mast c e l l  damage observed a f t e r  a d m in is t r a t io n  

o f  h is tam in e  l i b e r a t o r s  such as compound 48/80 , the  h is tam ine  

r e l e a s e  and mast c e l l  damage observed a f t e r  a n t ig e n  adm ini­

s t r a t i o n  appeared  to  be confined  l a r g e ly  to  the  l i v e r .  They 

ex p la in e d  t h i s  s e l e c t i v e  e f f e c t  as  be ing  due to  the  p resence 

o f  an tib o d y  in  l i v e r  mast c e l l s  b u t no t in  mast c e l l s  a t  o th e r  

s i t e s .  They found t h a t  dogs s e n s i t i s e d  to  two a n t ig e n s  were 

s im u lta n eo u s ly  d e s e n s i t i s e d  to  bo th  by a ch a llen g e  dose of 

one o f  them.

l i i )  KIMIMS

In  1950 Beraldo re p o r te d  f in d in g  a smooth-muscle- 

s t im u la t in g  substance  o th e r  than  h is tam in e  i n  the  blood 

c o l l e c te d  from dogs f o r  s e v e ra l  m inutes a f t e r  a n a p h y la c t ic  

shock. This su b s tan ce , which was a c t iv e  on g u in e a -p ig  ileum  

in  the  presence  of an a n t ih is ta m in e ,  was a l s o  found in  the  

b lood  a f t e r  shock produced by a d m in is t r a t io n  of  peptone.
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I t  was b e l ie v e d  to be b rad y k in in  as  i t  was a p o ly p ep tid e  

i n a c t i v a t e d  by in c u b a t io n  w ith  t r y p s in .  B e ra ld o 's  r e s u l t s  

showed no c o r r e l a t i o n  between the s e v e r i ty  o f  the  r e a c t io n  

e x h ib i te d  by the  animal and the  amount of  b rad y k in in  p r e s e n t ,  

nor was the  amount o f  b rad y k in in  r e l a t e d  to  the  amount of  

h is tam in e  d e te c te d .  The te c h n ic a l  d i f f i c u l t i e s  in vo lved  in  

i n v e s t i g a t i n g  b rad y k in in  fo rm ation  in  c e r t a i n  s i t u a t i o n s  

were s t r e s s e d  by Lewis ( I 962) .  I t  i s  very  r a p id ly  des tro y ed  

by k in in a se  (Erdos and S loane , 1 ^ 6 2 )  and a l s o  l i a b l e  to  be 

formed in a d v e r te n t ly  d u r in g  the  h an d lin g  o f  samples by c o n tac t  

w ith  g la s s  (Armstrong, Jepson, Keele and S te w a r t ,  1957)«

STRMARY

In  the  dog^anaphylaxis i s  b e l ie v e d  to  invo lve  an a n t ig e n -  

an tib o d y  r e a c t io n  le a d in g  to  r e l e a s e  o f  h is tam in e  and h ep a r in  

from the  l i v e r  and fo rm ation  of b ra d y k in in .  The h is tam in e  

c o n s t r i c t s  the  h e p a t ic  v e in  w ith  consequent s ta g n a t io n  of 

b lood in  th e  l i v e r .  T h is , to g e th e r  w ith  the  e f f e c t s  o f
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h is tam in e  and b radyk in in  on v a s c u la r  p e rm e a b i l i ty  and 

smooth m uscle, le a d s  to  system ic hypo tension  and a l im e n ta ry  

symptoms.
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5) ANAPHYLAXIS IN THE RABBIT 

INDUCTION

The r a b b i t  was found to  be l e s s  r e a d i ly  s e n s i t i s e d  

to  fo re ig n  p r o te in s  than  the  g u in e a -p ig  o r  the  dog (G-rove,

1952) .  Sanyal and West (1958b) s e n s i t i s e d  r a b b i t s  to  horse 

serum by d a i ly  i n t r a p e r i t o n e a l  i n j e c t i o n s  of 1 ml. f o r  6 

days w hile  in  the  same experim ent g u in e a -p ig s  were s e n s i t i s e d  

by a s in g le  i n t r a p e r i t o n e a l  i n j e c t i o n  o f  O.5  ml, and dogs by 

2 i n j e c t i o n s ,  one subcutaneous o f  2 ml. and one in tra v e n o u s ,

2. days l a t e r ,  o f  5 ml.

DESCRIPTION

System ic hypo tension  was d e te c te d  as an o u ts ta n d in g  

f e a t u r e  of an ap h y lax is  i n  the  r a b b i t  as  i n  the  dog (A rthus, 

1909) .  In c re a sed  pulmonary a r t e r i a l  p re s su re  was shown to  

be a prim ary e f f e c t  ( A i r i l i a ,  1914; D rinker and B ronfenbrenner , 

1924) .  By means of a r t e r io - r a d io g r a p h s  g e n e ra l i s e d  c o n s t r i c t i o n
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o f  the  a r t e r i a l  system was dem onstrated  (P a s te u r  V a l le ry -  

Radot, 1949)* C o n s t r ic t io n  o f  the pulmonary a r t e r i a l  b ranches 

le d  to  d i l a t i o n  w ith  blood of the  r i g h t  s id e  o f  the  h e a r t .

MEDIATORS

i )  HISTAMINE

R a b b it  b lood p l a t e l e t s  were shown to be r i c h  i n  h is tam in e  

(Minard, 1957» Humphrey and Jaques, 1954)* Leucocytes a lso  

c o n ta in ed  h is tam in e  (Rose and W eil, 1959» Rose, 1941; Humphrey 

and Jaques , 1954)* A ntigen , in  v i t r o ,  was shown to  cause 

t r a n s f e r  of h is tam ine  from c e l l s  to plasma in  the  b lood of 

s e n s i t i s e d  r a b b i t s  (K atz , 1940)* D ra g s te d t ,  A re llano  and 

Lawton, in  I 940 , and Rose and Weil, i n  1959» found th a t  the 

h is tam in e  c o n ten t o f  the  blood was lowered fo l lo w in g  an tib o d y -  

a n t ig e n  r e a c t i o n s .
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i l )  5 -HYDRQXYTRYPTAvIINE

Humphrey and Jaques (1955) showed t h a t  a n t ig e n  

r e l e a s e d  5“hydroxytryptam ine to g e th e r  w ith  h is tam in e  from 

blood p l a t e l e t s  o f  s e n s i t i s e d  r a b b i t s  in  v i t r o .  Evidence 

t h a t  r e l e a s e  of 5“hydroxytryptam ine from p l a t e l e t s  was 

r e s p o n s ib le  f o r  the  r i s e  i n  plasma 5“hydroxytryptam ine 

d u r in g  an aphy lax is  in  vivo was p rov ided  by Waalkes, 

W eissbach, B ozicev ich  and ïïden fr iend  in  1957* They showed 

th a t  t h i s  r i s e  v/as p reven ted  by p r e t r e a t i n g  r a b b i t s  w ith  

r e s e rp in e  which lowered the  5“hydroxytryptam ine co n ten t of 

p l a t e l e t s .  An in c re a s e  in  u r in a r y  9-hydroxytryptam ine 

m e ta b o l i te s  d u ring  an ap h y lax is  was shown to  occur by F isc h e r  

and Lecomte ( I 956 ) .  Waalkes and Coburn (1959%) d esc r ib e d  

t r a p p in g  of p l a t e l e t s  in  the  pulmonary b lood v e s s e ls  w ith  a 

co rrespond ing  f a l l  in  the  5“hydroxytryptam ine co n ten t o f  

whole b lood and a r i s e  in  the lung  co n ten t o f  5-hydroxy- 

try p tam in e . Heparin a d m in is t r a t io n  was found to  i n h i b i t
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th e se  e f f e c t s *  Sanyal and West (1958b) removed s im i la r  p ieces  

o f  lu n g  from a n a e s th e t i s e d  anim als b efo re  and 20 to  50 m inutes 

a f t e r  ch a llen g e  and showed an in c re a s e  in  lung  co n ten t of 

h is tam in e  and 5“hydroxytryptam ine a f t e r  an a p h y la x is .  Waalkes 

and Coburn (l959h) reproduced  the change in  d i s t r i b u t i o n  of 

5“hydroxytryptam ine between whole blood and lu n g s , w ith  

t r a p p in g  of p l a t e l e t s  i n  the  lu n g s , by in tra v e n o u s  i n j e c t i o n  

o f  g lycogen.

Cohen and Sapp ( I 960 ) found, however, t h a t  d e p le t io n  

o f  th e  5“hydroxytryptam ine co n ten t of r a b b i t  t i s s u e s  by 

r e s e rp in e  a d m in is t r a t io n  d id  no t p rev en t subsequent development 

of an ap h y lax is .  Lecomte and F isc h e r  (1957; 1958) found

t h a t  5“hydroxytryptam ine a n ta g o n is t s  d id  n o t reduce the 

s e v e r i t y  o f  anaphy lax is  in  the r a b b i t .  These f in d in g s  

suggested  th a t  the r o le  o f  5“hydroxytryptam ine was l e s s  

im portan t than  th a t  o f  h is tam ine in  t h i s  s p e c ie s .
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MAST CELLS. Although blood c l o t t i n g  time v/as in c re a se d  

approx im ate ly  10 f o ld  in  a n a p h y lax is ,  Adams (1955) found 

t h a t  t h i s  could  no t be a t t r i b u t e d  to  h e p a r in  r e l e a s e  as  the  

p resence  of  protam ine su lp h a te ,  which i n a c t i v a t e s  h ep a r in ,  

d id  no t a f f e c t  the  c l o t t i n g  time of b lood from shocked r a b b i t s .  

T issue  mast c e l l s  i n  th e  r a b b i t  a re  few b u t the  b a s o p h ils  or 

b lood mast c e l l s ,  a re  numerous and have been shown to  co n ta in  

h is ta m in e .  I n j e c t i o n  o f  compound 48/80 dec reased  the number 

o f  c i r c u l a t i n g  b a s o p h i ls  (B o se i la ,  1958). There i s ,  however, 

no evidence fo r  t h e i r  p a r t i c i p a t i o n  in  an ap h y lax is  (Graham, 

Lena, Lowry, P a r i s h  and Wheelwright, 1955)* The blood p l a t e l e t ;  

were concluded to be the  main source of h is tam in e  (Code, 1952) 

and th e se  c o n ta in  no h ep a r in .

SUMMARY

S chach te r  (1955) dem onstrated r e l e a s e  of h is tam ine  during  

an ap h y lax is  from p e r fu se d  r a b b i t  sk in ,  l i v e r  and, to  a l e s s e r  

e x t e n t ,  sm all i n t e s t i n e  bu t g e n e ra l ly  i t  i s  accep ted  t h a t ,  in



-  49 -

the r a b b i t ,  an ap h y lax is  i s  m ediated m ainly by h is tam ine  

r e le a s e d  from blood p l a t e l e t s .  This h is tam in e  c o n s t r i c t s  

the  pulmonary a r t e r i a l  system r e s u l t i n g  in  d ea th  due to  

r i g h t - s i d e d  h e a r t  f a i l u r e .
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4) ANAPHYLAXIS IN THE RAT 

INDUCTION

Hoohwald and Raokeraann in  194^ c l a r i f i e d  many o f  the  

f a c t o r s  invo lved  in  the in d u c t io n  of an ap h y lax is  in  the  r a t .  

E a r l i e r  work (Longcope, 1922) suggested  t h a t  the  r a t  was 

p a r t i c u l a r l y  in s u s c e p t ib le  to  a n a p h y la c t ic  shock. Longcope 

showed t h a t  the  t i t r e  o f  p r e c i p i t a t i n g  a n t ib o d ie s  in  the  r a t  

reached  a peak 10 days a f t e r  a d m in is t r a t io n  of the  l a s t  s e n s i t ­

i s i n g  dose o f  a n t ig e n ,  bu t he allowed an i n t e r v a l  of a t  l e a s t  

5 weeks between th e  l a s t  s e n s i t i s i n g  dose and the  cha llenge  

dose and f a i l e d  to  induce a n a p h y la c t ic  shock. Parker  and 

P a rk e r  ( I 924) succeeded u s in g  an i n t e r v a l  o f  10 days between 

s e n s i t i s a t i o n  and c h a lle n g e . Hoohwald and Rackemann ( I 946 ) 

confirm ed t h a t  the  r a t  was s u s c e p t ib le  to  anaphy lax is  only 

between the  t e n th  and f i f t e e n t h  day a f t e r  s e n s i t i s a t i o n .

They a l s o  showed t h a t  the  number of s e n s i t i s i n g  in j e c t io n s  

Yfas more im p o rtan t than  the  t o t a l  q u a n t i ty  o f  p r o te in  in j e c t e d .
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S ch u ltZ “Dale r e a c t io n s  as  d e sc r ib e d  in  g u in e a -p ig  t i s s u e s  

(p .  17 ) were dem onstra ted  in  s e n s i t i s e d  r a t  t i s s u e s  by 

P a rk e r  and P a rk e r  ( 1924)* Kellaway ( 1930) found th a t  

re sp o n se s  were o b ta in ed  more r e g u la r ly  from i s o l a t e d  t i s s u e s  

p a s s iv e ly  s e n s i t i s e d  by in c u b a t io n  w ith  h e te ro lo g o u s  an tibody , 

T h is  might be expec ted , a s  t i s s u e s  o b ta in ed  from a c t iv e ly  

s e n s i t i s e d  r a t s  might vary  in  degree o f  s e n s i t i v i t y ,  

depending on the s ta g e  a t  which the animal was k i l l e d  and 

the  course o f  s e n s i t i s i n g  in j e c t i o n s  which i t  had r e c e iv e d .

DESCRIPTION

P ark e r  and P arker  ( I 924) d e sc r ib e d  dyspnoea, abdominal 

cramps, hypotherm ia and c o l la p se  as the symptoms of an a ­

p h y la c t i c  shock in  th e  r a t .  At necropsy  the  sm all i n t e s t i n e  

showed most marked changes, namely oedema and haemorrhage o f  

the  submucosa w ith  desquamation of the  mucous membrane.
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ADJUVANTS

FREUND’S ADJUVANT. As the symptoms o f  anaphy lax is  

were g e n e ra l ly  found to  he m ild , (P a rke r  and P a rk e r ,  1924» 

Hoohwald and Rackemann, I 94&) a t tem p ts  were made to  produce 

more severe  r e a c t io n s .  By u s in g  a d ju v a n ts ,  L ip ton , Stone 

and Freund (195&) produced l e t h a l  a n a p h y la c t ic  shock in  r a t s .  

They s e n s i t i s e d  anim als w ith  bovine serum albumin (BSA) 

combined w ith  ad ju v a n ts  and in j e c t e d  in t r a c u ta n e o u s ly  a t  

s e v e ra l  s i t e s .  They then  cha llenged  the r a t s  by in trav en o u s  

i n j e c t i o n  o f  BSA. "Complete’,' ad juvan t co n ta in ed  k i l l e d  

mycobacterium tu b e r c u lo s i s ,  Bayol F and the  em u ls ify in g  

ag e n t ,  A r la c e l  A, in  a w a te r - i n - o i l  em ulsion (Freund,

Thomson, Hough, Sommer and P i s a n i ,  1948). "Incom plete" 

a d ju v an t d i f f e r e d  i n  t h a t  i t  d id  n o t c o n ta in  M. tu b e rc u lo s i s .  

L ip ton  e t . a l . (195&) found the  in c id en ce  of  f a t a l  r e a c t io n s  

to  be h ig h e r  where complete ad juvan t was u se d . These workers 

a ls o  e l i c i t e d  sk in  r e a c t io n s  in  r a t s  s e n s i t i s e d  u s in g  p a r a f f i n
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o i l  em ulsions and found t h a t  the  r e a c t io n s  in  anim als 

r e c e iv in g  tu b e rc le  b a c i l l i  in  the  em ulsion were more 

e x te n s iv e  and o f  lo n g e r  d u ra t io n  than  in  r a t s  s e n s i t i s e d  

w ith o u t m ycobacteria* In  the absence of a d ju v an ts  Longcope 

( 1922) and Opie ( 1924) f a i l e d  to  dem onstrate sk in  s e n s i t ­

i s a t i o n  i n  the r a t  by re p e a te d  i n j e c t i o n s  of ho rse  serum* 

L ip ton  e t . a l . (1958) a t t r i b u t e d  t h e i r  h igh  in c id en ce  of 

f a t a l  system ic  a n a p h y la c t ic  r e a c t io n s  and in te n s e  sk in  

r e a c t io n s  to  the  h igh  l e v e l s  of p r e c i p i t a t i n g  an tibody  

ach ieved  by combining a n t ig e n s  w ith  p a r a f f i n  o i l  and k i l l e d  

m ycobac ter ia .  These workers a lso  dem onstra ted  the  im portance 

o f  n o t  exceed ing  the op tim al a n t ig en  c o n c e n tra t io n  in  the  

proceedure  of sk in  t e s t i n g  s e n s i t i s e d  an im als . Ovary (1952) 

f a i l e d  to  e l i c i t  p a ss iv e  cutaneous r e a c t io n s  in  r a t s  u s in g  

r a t  a n t i s e r a ^ b u t  L ip ton  e t . a l . ( I 958) r e f e r r e d  to unpub lished  

experim ents  where p a ss iv e  cutaneous an ap h y lax is  was demon­

s t r a t e d  u s in g  r a t  serum w ith  a s u f f i c i e n t l y  h igh  t i t r e  of 

p r e c i p i t a t i n g  a n t ib o d ie s .



-  54 -

HAEMOPHILUS (BORDETELLA) PERTUSSIS VACCINE. M alkiel and 

H arg is  (1952b) produced f a t a l  anaphy lax is  i n  r a t s  s e n s i t i s e d  

w ith  a m ix ture  o f  horse  serum and Haemophilus p e r t u s s i s  vaccine  

and ch a llen g ed  w ith  horse  serum. Haemophilus p e r t u s s i s  vaccine 

was b e l ie v e d  to a c t  by te m p o ra r i ly  in c r e a s in g  s u s c e p t i b i l i t y  

to  h is ta m in e .  Sanyal and West (1958a-) confirm ed th a t  anaphy lax is  

i n  th e  r a t  was ag g rav a ted  by p re tre a tm e n t  w ith  t h i s  v ac c in e .

The vaccine  in c re a s e d  the  r a t ' s  s e n s i t i v i t y  to  h is tam ine  and 

5 -hydroxy tryp tam ine. I n j e c t io n  o f  H .p e r tu s s i s  vaccine a lone 

gave no r e a c t io n s  on subsequent a d m in is t r a t io n  of e i t h e r  the  

vacc ine  or fo re ig n  p r o te in .  T issue  c o n te n t ,  u r in a r y  e x c re t io n  

and re le a se . ,  d u r in g  a n a p h y lax is ,  o f  h is tam in e  and 5-hydroxy­

tryp tam ine  were u n a l te r e d  by H .p e r tu s s i s  vacc ine  and i t  d id  

n o t  in c re a s e  p r e c i p i t i n  fo rm ation .

Where they  used  egg w hite as a n t ig e n  Sanyal and West 

( 1958a )  took in to  account the  an a p h y la c to id  r e a c t io n  produced 

and m a n ife s te d  in  normal r a t s  as p e r ip h e ra l  oedema. As t h i s
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oedema was p reven ted  by hypo tension  o o c u rr in g  du ring  

an a p h y la x is ,  they  accep ted  the  presence o f  oedema as a 

n e g a t iv e  s ig n  and the  absence of p e r ip h e ra l  oedema as a 

p o s i t iv e  s ig n  o f  an ap h y lax is  when u s in g  egg w hite  as  a n t ig e n .

HYPQGLYCAmiA

Hypophysectomy (Molomut, 1959)» adrenalectom y (W eiser, 

Golub and Hamre, 1941) and i n j e c t i o n  of i n s u l i n  (Sanyal,

Spencer and West, 1959)? im m ediately befo re  the ch a llenge  dose 

o f  antigen^ in c re a se d  the  s u s c e p t i b i l i t y  o f  r a t s '  and mice to  

a n a p h y la c t ic  shock. Sanyal in  i 960 showed t h a t  a l l  th e se  p ro ­

cedures  as w ell a s  the  i n j e c t i o n  o f  H .p e r tu s s i s  vaccine a t  the  

time o f  s e n s i t i s a t i o n ,  r e s u l t e d  in  hypoglyoaemia. In  I 967 

Dhar, Sanyal and West in v e s t ig a te d  the  r e l a t i o n s h i p  of  b lood 

sugar l e v e l  to the  s e v e r i ty  o f  a n a p h y la x is .  Animals s e n s i t i s e d  

by i n j e c t i o n  of  horse  serum and H .p e r tu s s i s  vaccine  i n t r a -  

p e r i t o n e a l l y  showed hypoglyoaemia 12 days l a t e r ,  a t  which 

time they  were ch a llen g ed . I n j e c t io n  o f  i n s u l i n  50 m inutes
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b efo re  ch a llenge  produced hypoglyoaemia and i t  was found 

th a t  the  s e v e r i t y  o f  anaphy lax is  was in c re a s e d .  Hyperglycaeraia, 

produced by i n j e c t i o n  o f  a l lo x a n  or g lu co se , r e s u l t e d  in  

reduced  s e v e r i ty  of an aphy lax is  and d ea th , where i t  o ccu rred , 

was d e layed ,

Dhar e t . a l . ( I 967) found t h a t  an ap h y lax is  i n  mice vms 

a f f e c t e d  by changes in  g lucose l e v e l s  in  the  b lood in  the  

same way as was an ap h y lax is  in  r a t s .  In  g u in e a -p ig s  hypo- 

glycaem ia agg rava ted  anaphy lax is  bu t i t  was n o t  m odified  by 

hyperglyoaem ia. The converse was t r u e  i n  th e  r a b b i t  where 

hyperglyoaem ia co n fe r re d  p r o te c t io n  bu t hypoglyoaemia d id  

n o t  in c re a s e  the  s e v e r i t y  of an ap h y lax is .

MEDIATORS

i )  HISTAJ^INS AND 5-HYDROXYTRYDTAMINE

The f in d in g s  o f  Sanyal and West ( l9 5 8 a)  r e l a t i n g  the 

in c re a s e d  s u s c e p t i b i l i t y  to  anaphy lax is  o f  H .p e r tu s s i s  t r e a t e d
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r a t s ,  to  in c re a se d  s u s c e p t i b i l i t y  to  h is tam in e  and 

5-hydroxy tryp tam ine , suggested  th a t  th e se  amines might 

be im p o rtan t m ed ia to rs  in  the  r a t .  In  1955 B e n d it t ,  Wong, 

Arase and Roeper showed t h a t  r a t  p e r i to n e a l  mast c e l l s  

co n ta in ed  bo th  h is tam in e  and 5-H ydroxytryptam ine. They 

l i b e r a t e d  the amines in to  the suspending f l u i d  by a l t e r ­

n a t e ly  f r e e z in g  and thawing the  c e l l s .  Mo t a  (1957» 1958) 

in v e s t ig a te d  the  r o le  o f  the  mast c e l l  and h is tam in e  in  

a n a p h y lax is  i n  the  r a t .  He d e sc r ib ed  mast c e l l  d e g ra n u la t io n  

and a  r i s e  in  plasma h is tam ine  l e v e l s  d u r in g  an a p h y lax is ,  

and l a t e r  r e p o r te d  (1958)» i n  c o n t r a s t  to  the  f in d in g s  of 

Sanyal and West (1958a) t h a t  th e se  e f f e c t s  were in c re a se d  

when ÏÏ .p e r t u s s i s  vaccine  was used  in  s e n s i t i s a t i o n .  Mota 

( 1957) d i f f e r e d  from Sanyal and West (1958b) a lso  i n  h i s  

f in d in g s  t h a t  r a t s  were p ro te c te d  a g a in s t  a n a p h y la c t ic  

shock by a n t ih is ta m in e  p re tre a tm e n t .  He found t h a t  when 

r a t s  were given 8 d a i ly  i n t r a p e r i t o n e a l  i n j e c t i o n s  of
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i n c r e a s in g  doses of compound 48/80 and ch a llen g ed  24 hours 

a f t e r  th e  l a s t  dose, bo th  a n a p h y la c t ic  shook and the  in c re a se  

in  plasma h is tam ine  were p rev en ted . He deduced t h a t  n e a r ly  

a l l  th e  h is tam ine  l i b e r a t e d  in  an aphy lax is  came from mast c e l l s .

Sanyal and West (1958b) found t h a t  r a t s  whose sk in  and 

i n t e s t i n e  had been d e p le te d  o f  h is tam ine  and 5-Hydroxytryptam ine 

sHowed se v e re ,  unm odified  an ap h y lax is .  They c r i t i c i s e d  M ota 's  

r e s u l t s  on the  grounds th a t  the  d e g ra h u la t io n  he d e sc r ib e d  was 

f r e q u e n t ly  seen in  t i s s u e  sp reads  from c o n t ro l  r a t s  and t h a t  

he d id  n o t  r e p o r t  plasma h is tam ine  l e v e l s  a f t e r  a d m in is t r a t io n  

o f  a n t ig e n  to  c o n t ro l  r a t s .  Also the method o f  s e n s i t i s a t i o n  

which he u sed , namely, 3 d a i ly  i n j e c t i o n s  of a lu m -p re c ip i ta te d  

ho rse  serum, produced only  m ild  r e a c t io n s ,  making assessm ent 

o f  p r o te c t io n  q u e s t io n a b le .  They suggested  t h a t ,  as  h is tam ine  

and 5-Hydroxytryptam ine could no t be h e ld  p redom inantly  r e s ­

p o n s ib le  f o r  an ap h y lax is  in  the  r a t ,  H .p e r tu s s i s  might a l s o  

in c re a s e  the  s e n s i t i v i t y  of r a t s  to  o th e r  m ed ia to rs .
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In  1966 Ghayen, D a r ra c o t t  and Kirby p o s tu la te d  th a t

mast c e l l s  might d e to x ic a te  r a t h e r  than  e j e c t  h is tam in e .

P iec e s  of  lung  from r a t s  were m ain ta ined  fo r  24 hours i n  a

s y n th e t i c ,  n o n - p r o l i f e r a t i v e  c u l tu re  system, a s  d e sc r ib e d

by Trowell (1959)* Some p ie ces  were then  removed and

oc h i l l e d  a t  - 70 C in  hexane and the  o th e rs  were m ain ta ined  

in  a s im i la r  c u l tu re  s o lu t io n ,  which co n ta in ed  h is tam in e . 

P ie c e s  were then  removed from t h i s  s o lu t io n  a t  i n t e r v a l s  

of 5> 15 and 30 m inutes and s e c t io n s  cu t and s ta in e d .  I t  

was found t h a t  c u l tu r in g  f o r  24 hours in c re a s e d  the number 

o f  mast c e l l s .  Numbers were more markedly in c re a se d  by 

exposure to. h is tam in e  f o r  5 or I 5 m inu tes . Exposure to  

h is tam in e  in  c u l tu re  f o r  $0 m inutes r e s u l t e d  in  a d e c lin e  

i n  th e  number of mast c e l l s .  Chayen e t .  a l . p o s tu la te d  

t h a t  h is tam in e  was taken  up by mast c e l l s ,  bu t th a t  on 

p ro longed  exposure the  g ran u le s  were d is r u p te d .  These 

f in d in g s  were o b ta in ed  in  v i t r o  in  c o n d i t io n s  r a th e r  remote 

from those  e x i s t i n g  in  v ivo .
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il) KININS

B ro o k leh u rs t  and L a h ir i  ( I 962) found t h a t ,  as  in  

the  r a b b i t  and g u in e a -p ig ,  plasma l e v e l s  o f  b ra d y k in in  

were r a i s e d  a f t e r  an ap h y lax is  in  the  r a t .  Dawson and West 

( 1965) found t h a t  the  tim es when s e n s i t i s e d  r a t s  were most 

s e n s i t i v e  to  a n t ig e n  co inc ided  w ith  the tim es  when they  

showed in c re a se d  s u s c e p t i b i l i t y  to  a d m in is te re d  b rad y k in in , 

Dawson, S t a r r  and West ( I 986) found t h a t  an ap h y lax is  and 

b ra d y k in in  a d m in is t r a t io n  r e s u l t e d  in  s im i la r  types of  

damage to  the  r i g h t  v e n t r i c l e  o f  the  h e a r t .  When the  a n t ig e n  

used  was horse  serum, c a rd ia c  l e s io n s  were more severe  than  

when i t  was egg album in. The l a t t e r  r e s u l t e d  in  more marked 

co n g es tio n  and haemorrhage in  the lungs and sm all i n t e s t i n e .  

Dawson, e t . a l . found th a t  the  l e v e l s  of b ra d y k in in ,  b rady - 

k in inogen  and k in in - fo rm in g  enzymes reached  a  peak in  plasma 

10 days a f t e r  s e n s i t i s a t i o n .  Levels were measured in  c o n tro l  

r a t s  and in  s e n s i t i s e d  r a t s  5 m inutes a f t e r  c h a lle n g e .
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They found t h a t  a d m in is t r a t io n  of a s c o rb ic  a c id  and 

mepyramine p ro te c te d  r a t s  a g a in s t  a n a p h y la c t ic  shock a t  

10 days bu t n o t a t  20 days a f t e r  s e n s i t i s a t i o n *  This 

p r o te c t iv e  e f f e c t  vfas accompanied by reduced  le v e l s  of 

b rad y k in in  and bradykin inogen  a f t e r  challenge* A scorbic 

a c id  a lone co n fe rred  a l e s s  marked p r o te c t iv e  e f f e c t ,

Dawson e t . a l , proposed t h a t  th e re  were tv/o phases in  

an ap h y lax is  in  the  r a t ,  namely, t h a t  o c c u rr in g  10 days 

a f t e r  s e n s i t i s a t i o n ,  in  which b rad y k in in  was a m ed ia to r, 

and a l a t e r  phase n o t in v o lv in g  b rad y k in in . As the m ix ture  

o f  mepyramine and a s c o rb ic  a c id  d id  no t reduce the  t o x i c i t y  

o f  b rad y k in in  in  s e n s i t i s e d  an im als , the  p r o te c t io n  appeared  

to  be due to  reduced  a c t i v i t y  of the  k in in - fo rm in g  enzyme.

Csaba and West ( 1968) found t h a t ,  whereas a n ta g o n is t s  

o f  h is tam in e  and 5"bydroxytryptam ine co n fe r re d  l i t t l e  o r  no 

p r o te c t io n  a g a in s t  an a p h y la x is ,  t r a s y l o l . (an i n h i b i t o r  o f  

k in in  form ation) and a b rad y k in in  a n ta g o n is t ,  reduced the
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m o r ta l i ty  r a t e  in  anaphy lax is  in  the r a t .  The b rad y k in in  

a n ta g o n is t  used  by Csaba and West was Hheopyrin, a m ixture 

o f amidopyrine and phenylbutazone, and they  found i t s  

p r o te c t iv e  e f f e c t  to be enhanced by s im ultaneous admin­

i s t r a t i o n  o f  an a n ta g o n is t  o f  e i t h e r  h is tam in e  or 5*’bydi’0-  

x y try p tam in e . Csaba and West used  H .p e r tu s s i s  vaccine in  

s e n s i t i s i n g  t h e i r  r a t s  to  ovalbumin. Three d a i ly  s e n s i t i s i n g  

i n j e c t i o n s  were g iven  and the  anim als ch a llen g ed  12 days 

a f t e r  t h e i r  f i r s t  i n j e c t i o n .  They deduced t h a t  k in in s  

p layed  an im p o rtan t p a r t  in  anaphy lax is  i n  the  r a t  bu t t h a t  

h is tam in e  and 5-bydroxytryptam ine might a ls o  be in vo lved .

SRS-A

Rapp, i n  I 96I ,  f i r s t  dem onstrated SRS-A in  the  p e r i ­

to n e a l  c a v i ty  o f  r a t s  p a s s iv e ly  s e n s i t i s e d  by i n t r a p e r i t o n e a l  

i n j e c t i o n  o f  hyperimmune r a b b i t  an tise rum  and ch a llenged  

4 hours l a t e r  by the  same r o u te .  This SRS-A was i n d i s ­

t in g u is h a b le  from t h a t  reco v ered  from p e rfu se d  g u in e a -p ig
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lu n g s .  Mota, i n  I 982 , showed th a t  r a t  mast c e l l s  were 

n o t  a l t e r e d  by exposure to  r a b b i t  an tise rum  fo llow ed  by 

a n t ig e n .  Orange, V a len tin e  and Austen ( I 967) found th a t  

SRS-A fo rm atio n  in  vivo i n  the  r a t ,  under the  c ircum stances 

d e s c r ib e d  by Rapp, was in h ib i t e d  i f  the  r a t s  were p re v io u s ly  

d e p le te d  o f  polym orphonuclear le u c o c y te s .  Form ation was 

n o t a f f e c t e d  by d e p le t io n  of mast c e l l s  o r  of thymic lympho­

c y te s .  Removal of complement from the r a t s  reduced SRS-A 

p ro d u c tio n .  These f in d in g s ,  i n d ic a t in g  the  im portance of 

th e  polym orphonuclear le u c o c y te ,  were l a t e r  confirm ed by 

the  same workers (Orange, V a len tin e  and A usten, 1968a) u s in g  

hom ologous.ra t an tise rum  i n  p lace  o f  h e te ro lo g o u s  r a b b i t  

a n t ise ru m .

AMTIBODIijS ( IMMUNOGLOBULINS )

Serum p r o te in s  have been se p a ra te d  by e l e c t ro p h o r e s i s  

in to  albumin and a lp h a  (ck), b e ta  (1̂ ) and gamma (■̂ ) g lo b u lin s  

i n  o rd e r  of d e c re a s in g  e l e c t r o p h o r e t i c  m o b i l i ty .  Antibody
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a c t i v i t y  has been shown to  r e s id e  in  the gamma f r a c t i o n .

These gamma g lo b u l in s  were f u r th e r  su bd iv ided , on the  

b a s is  o f  d i f f e r e n c e s  in  a n t ig e n ic  de te rm inan t s i t e s ,  in to  

immunoglobulin ( I g ) ,  G,M,A and E in  the  human sp e c ie s .  

B e l l a n t i  ( I 968) reviewed the  s t r u c t u r a l  and fu n c t io n a l  

p r o p e r t i e s  o f  immunoglobulins and t h e i r  c l a s s i f i c a t i o n .

The immunoglobulins of c la s s  G (igG) have been shown to  

in c lu d e  most o f  the  a n t i v i r a l  and a n t i b a c t e r i a l  an tibody  

and those  of c l a s s  B (igB) a re  b e l ie v e d  to  in c lu d e  homo- 

c y to t r o p ic ,  mast c e l l - s e n s i t i s i n g ,  r e a g in ic  or  s k in -  

s e n s i t i s i n g  a n t ib o d ie s  in  a l l e r g i c  humans ( I s h iz a k a ,  I sh iz a k a  

and Hornbrook, 1966a , b ) .

In  th e  r a t ,  S te o h s c h u l te , Austen and Bloch ( I 967) 

showed t h a t  th e  p e r i to n e a l  c a v i ty  could  be p repared  

fo r  an t ig e n - in d u c e d  r e le a s e  of d i f f e r e n t  chemical 

m ed ia to rs  o f  an ap h y lax is  by two d i f f e r e n t  homologous 

immunoglobulins. One of th e se  had been found to  s e n s i t i s e
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r a t  mast c e l l s  in  vivo and in  v i t r o  (Becker and Austen,

1966 ; Mota, 1965) f o r  the r e le a s e  of h is tam in e  and 

5-hydroxy tryp ta ra ine . This was termed the  '’mast c e l l -  

s e n s i t i s i n g "  (Mota, 1964) or hom ocytotropic (Becker and 

A usten, I 966) a n t ib o d y . The second an tibody  (S te c h sc h u lte  

e t . a l . ,  1967) was a s s o c ia te d  w ith  the  IgG f r a c t i o n  of r a t  

a n t i s e r a  and p rep ared  the  r a t  fo r  s e l e c t iv e  r e l e a s e  of  SR3-A. 

Orange, V a len tin e  and Austen ( 1968a) showed th a t  mast c e l l s  

were n e c essa ry  f o r  h is tam ine  r e le a s e  w hile  polymorphonuclear 

le u c o c y te s  were n e c e ssa ry  fo r  r e le a s e  of SR3-A by a n t ig e n  in  

the  p e r i to n e a l  c a v i ty  of r a t s  t r e a t e d  w ith  the  a p p ro p r ia te  

hyperimmune a n t i s e r a .  These workers a lso  showed t h a t  such 

r e l e a s e  o f  SRS-A, bu t n o t  o f  h is tam in e , was i n h ib i t e d  by 

d ie th y lc a rb a m a z in e . Orange, V a len tin e  and Austen ( 1968b) 

showed t h a t  d ie thy lcarbam azine  d id  no t i n t e r f e r e  w ith  the 

a n t ib o d y -a n t ig e n  r e a c t io n  in  v i t r o  or w ith  the  b io assay  o f  

SRS-A. Another compound, disodium crom oglycate , (sodium
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s a l t  of 1, 3“b is-(2 -carboxychrom on-5“y lo x y l) -2  hydx'oxypropane ) 

was r e p o r te d  by Cox i n  I 967 to  i n h i b i t  the  a n a p h y la c t ic  p ro cess  

i n i t i a t e d  by r e a g in ic  a n t ib o d y -a n t ig e n  i n t e r a c t i o n s .  I t  

supp ressed  the  r e l e a s e  of  h is tam ine  and 5-by&roxytryptamine 

i n i t i a t e d  by such i n t e r a c t i o n s .  Orange and Austen ( 1968) 

dem onstra ted  t h a t  r e l e a s e  of  h is tam ine  and SRS-A in  the  r a t  

could  be s e l e c t i v e l y  blocked by th ese  drugs.

Morse, Bloch and Austen, in  I 968 , showed th a t  the 

a n t ib o d ie s  of the  IgG f r a c t i o n  re sp o n s ib le  f o r  SRS-A r e le a s e  

appeared  i n  the  serum of  a c t iv e ly  s e n s i t i s e d  r a t s  one week 

a f t e r  i n j e c t i o n  of  a n t ig e n  in  complete F re u n d 's  ad ju v a n t .

They reached  a peak c o n c e n tra t io n  a t  2 to  3 weeks and had 

d e c l in e d  by 10 weeks a f t e r  s e n s i t i s a t i o n .  They were found 

to  be s ta b le  to  h e a t in g  f o r  4 hours a t  ^ 6 ^ 0  and were i d e n t i ­

f i e d  as belong ing  to  a su b c la ss  IgGa of IgG. The homocyto­

t r o p i c  a n t ib o d ie s ,  r e s p o n s ib le  fo r  h is tam ine  r e l e a s e ,  were 

h e a t - l a b i l e .  However, in  I 969 , Morse, Austen and Bloch
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showed t h a t  i n t r a p e r i t o n e a l  r e le a s e  o f  h is tam in e  by 

a n t ig e n  could  a lso  be m ediated by h e a t - s t a b l e  IgGa a n t ib o d ie s .  

The h e a t - l a b i l e  and h e a t - s t a b l e  a n t ib o d ie s  r e s p o n s ib le  f o r  

h is tam in e  r e l e a s e  were d is t in g u is h a b le  by chromatography 

and by t h e i r  d i f f e r e n t  l a t e n t  p e r io d s  f o r  p a ss iv e  s e n s i t ­

i s a t i o n .  The op tim al l a t e n t  p e r io d  fo r  th e  h e a t - l a b i l e  

hom ocytotropic an tibody  was 48 hours , whereas i t  was 4 hours 

f o r  th e  h e a t - s t a b l e  IgG an tib o d y . This d i f f e re n c e  v/as 

dem onstra ted  by t h e i r  a b i l i t y  to  s e n s i t i s e  sk in  f o r  p ass iv e  

cu taneous anaphy lax is  (PCA) a f t e r  d i f f e r e n t  l a t e n t  p e r io d s .  

Morse e t . a l  ( 1969) a lso  showed t h a t  i n t r a p e r i t o n e a l  r e le a s e  

of h is ta m in e ,  bu t no t o f  SRS-A, by IgGa, vms suppressed  

by disodium crom oglycate . The f a c t  t h a t  disodium cromoglycate 

supp ressed  h is tam ine  r e le a s e  a s s o c ia te d  w ith  e i t h e r  homo­

c y to t ro p ic  or  IgGa a n t ib o d ie s  supported  the  view th a t  t h i s  

agen t %cted subsequent to  an t ib o d y -a n t ig e n  in te r a c t io n ^  

a l th o u g h  i t  d id  n o t a f f e c t  the  pharm acolog ical a c t io n s  of
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h is ta m in e .  Morse e t . a l . ( I 969) in  drawing con c lu s io n s  

from t h e i r  f in d in g s ,  reco g n ised  th a t  s e p a ra te  h e a t - s t a b l e  

a n t ib o d ie s  w ith  the  c h a r a c t e r i s t i c s  of IgGa might be r e s ­

p o n s ib le  f o r  r e l e a s e  o f  h is tam ine  and SRS-A r e s p e c t iv e ly .  

Rata which re c e iv e d  s e n s i t i s i n g  i n j e c t i o n s  which in c lu d ed  

complete F re u n d 's  ad ju v an t produced only  h e a t - s t a b l e  a n t i ­

b o d ie s .  Those which d id  no t r e c e iv e  F re u n d 's  ad ju v a n t ,  bu t 

d id  re c e iv e  k i l l e d  B o rd e te l la  (Haem ophilias) p e r tu s s i s  

organism s w ith  t h e i r  s e n s i t i s i n g  i n j e c t i o n s ,  produced both  

h e a t - s t a b l e  and h e a t - l a b i l e  a n t ib o d ie s .

SmUVIARY

R ats  have been used  by many workers to  in v e s t ig a te  

the immunological a s p e c ts  of an ap h y lax is .  I t  has been 

c l e a r l y  shown in  the r a t  th a t  the  type of  an tib o d y  p ro ­

duced can be determ ined by the method o f  s e n s i t i s a t i o n  

and, p a r t i c u l a r l y ,  by the  n a tu re  of the  a d ju v an ts  used .
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I t  has a l s o  been shown th a t  the  chemical m ed ia to rs  of 

subsequent a n a p h y la c t ic  r e a c t io n s  can vary  depending on 

the n a tu re  o f  the  an tibody  in v o lv ed . The com plexity  o f  

the  s i t u a t i o n  in  t h i s  s p e c ie s  was r e v e a le d  as a r e s u l t  o f  

the  f a i l u r e  o f  e a r ly  a t tem p ts  to  s e n s i t i s e  r a t s  and induce 

an a p h y la x is ,  as  i n  o th e r  sp e c ie s ,  by simple i n j e c t io n s  of 

fo re ig n  p r o te in s .  H istam ine, 5-hy& roxytryptam ine, k in in s  

and SRS-A have a l l  been shown to  be in v o lved  as  m ed ia to rs  

under c e r t a in  c ircu m stan ces .  I t  i s  d o u b tfu l  t h a t  any of 

the  f in d in g s  o b ta in ed  in  the r a t  could be a p p l ie d  d i r e c t l y  

to  o th e r  sp e c ie s  b u t i t  i s  l i k e l y  th a t  in  a l l  sp ec ie s  

a d ju v a n ts  may in f lu e n c e  the  a n t ib o d ie s  and m ed ia to rs  

in v o lv e d  in  h y p e r s e n s i t i t y  r e a c t i o n s .
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5) AHAPHYLAXIS IN THifi MOUSS 

IIIDÏÏCTIOH A m  DESCRIPTION

W eiser, Golub and Hamre in  I 94I  d e sc r ib e d  the  

symptoms o f  an ap h y lax is  in  mice as d e p re s s io n ,  l a c r im a t io n ,  

p a r t i a l  p a r a l y s i s  o f  the lim bs, cy an o s is ,  co n v u ls io n s , 

p r o s t r a t i o n  and d ea th  w i th in  30 m inutes o f  ch a lle n g e .

M alk ie l and H arg is  ( 1952a) showed th a t  a d m in is t r a t io n  of  

Haem ophilias p e r t u s s i s  vaccine  a t  the same time as the 

s e n s i t i s i n g  i n j e c t i o n  of a n t ig e n  in c re a s e d  the  s u s c e p t i b i l i t y  

o f  mice to  a n a p h y lax is .  This vaccine vfas shown by K allo s  and 

K a llo s -D e ffn e r  (1957) and Kind (1957) to  in c re a s e  the 

s e n s i t i v i t y  o f  mice to  bo th  h is tam ine  and 5-hydroxytryptam ine 

P ink  and Q,uinn (1955) found g e n e t ic  v a r i a t i o n  in  the  a b i l i t y  

o f  mice to  produce dem onstrable c i r c u l a t i n g  an t ib o d y .

Antibody t i t r e s  were measured 10 and 12 days a f t e r  s e n s i t ­

i s a t i o n .  Mice aged 4 to  5 months produced more an tibody
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th an  d id  those  aged 2 months. P ink and Q,uinn (1953) 

a l s o  found t h a t  mice produced an tibody  more r e a d i l y  to  

egg w hite  than  to  pneuraooocous p o ly sa c c h a r id e .  The ro u te  

o f  a d m in is t r a t io n  of a n t ig e n  had an e f f e c t  in  t h a t  the 

an tib o d y  response  to  in t ra -a b d o m in a l ly  a d m in is te re d  egg 

w hite  was g r e a t e r  than  when i t  was a d m in is te re d  i n t r a ­

m u sc u la r ly .  U nlike the  f in d in g s  of Hochwald and Haokemann 

( 1946) in  r a t s ,  d iv i s io n  of the t o t a l  dose in to  5 doses, 

i n j e c t e d  on a l t e r n a t e  days d id  n o t a l t e r  th e  response in  

mice. Anaphylaxis i n  mice was shown to  be accompanied by 

haem oconcen tra tion  and changes in  the  e l e c t r o l y t e  co n ten t 

o f  th e  t i s s u e s  (Pox, Nelson and Freeman, 1951» Kelson,

Fox and Freeman, 1952). These workers w ished to  determ ine 

w hether e l e c t r o l y t e  changes observed in  shock due to  burns 

or  trauma a ls o  o ccu rred  in  a n a p h y la c t ic  shock. Kind (1955) 

found hypotherm ia to  be a r e a d i ly  me.asureable f e a t u r e .

Body tem pera tu re  f e l l  g ra d u a l ly  u n t i l  d ea th  and the  f a l l
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was g r e a t e s t  in  mioe in  which dea th  vras de layed . 

H aem oconcentration was shovm by F u lto n , H a r r i s  and 

C ra f t  ( 1957) to  occur r e g u la r ly  i n  an ap h y lax is .  H a r r is  

and F u lto n  (1958) found th a t  the in c re a s e  in  h ae m ato c r it  

was a sigm oidal f u n c t io n  of  the lo g  dose o f  bovine albumin 

i n  th e  ch a llen g e  a n t ig e n  p re p a ra t io n .  The r e l a t i o n s h i p  

was l i n e a r  over a  g iven  range and p rov ided  a method f o r  

drawing q u a n t i t a t i v e  comparisons in  s tu d ie s  of mouse ana­

p h y la x is .

MEDIATORS

HISTAMINE AND 5-HYhRGXYTRYPTAMIHlil

Fox, E inb inder  and Nelson (1958) in v e s t ig a te d  the  

e f f e c t  on the  in c id en ce  o f  f a t a l  an aphy lax is  in  mice o f  

p re t r e a tm e n t  w ith  a la rg e  number of  d i f f e r e n t  d rugs. 

L yserg ic  a c id  d ie thy lam ide  (LSD), r e s e r p in e ,  p h en o th iaz ine  

t r a n q u i l l i s e r s  and g lu c o c o r t ic o id s  reduced the  r a t e  o f
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m o r ta l i ty .  A n tih is ta m in es ,  sodium s a l i c y l a t e ,  

pheny lbu tazone, m in e ra lo co x 't ico id s  and a d re n a l in e  were 

w ith o u t e f f e c t .  This suggested  th a t  5-hydroxytryptam ine 

might be an im portan t m ediator of an ap h y lax is  in  the  mouse 

and supported  e a r l i e r  f in d in g s .

Gershon and Ross, in  I 962 , showed t h a t  a d m in is t r a t io n  

of r e s e rp in e  fo r  2 days p reced ing  ch a llenge  p ro te c te d  mice 

a g a in s t  a n a p h y la x is .  R elease  o f  5-hydroxytryptam ine by 

r e s e rp in e  was a s s o c ia te d  w ith  d e p le t io n  o f  the  e n te ro -  

chrom affin  c e l l s  of the  duodenum. S im ila r  d e p le t io n  was 

produced by an ap h y lax is  o r  a d m in is t r a t io n  o f  5-hydroxy- 

tryp tam ine  i t s e l f .  F ink  (1958) found t h a t  LSD and r e s e rp in e  

i n h i b i t e d  the B chultz -D ale  r e a c t io n  of u t e r in e  muscle and 

t h a t  t h i s  t i s s u e  was more s e n s i t iv e  to  5"hydroxytryptam ine 

than  to  h is ta m in e .  F ink  and R o th lau f  (1955) found u te r in e  

mast c e l l s  to be u n a l te r e d  by in  v i t r o  an a p h y la x is .  E in b in d e r ,
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Nelson and Fox (1954) showed the  p r o te c t iv e  e f f e c t  of 

g lu c o c o r t ic o id s  to  he r e l a t e d  to  t h e i r  e f f e c t s  on e l e c t r o l y t e  

l e v e l s  in  t i s s u e s  of mioe.

ANTIBODIES

Mota and P eixo to  ( I 986) d e te c te d  th e rm o la b i le  an tibody  

in  the  s e ra  o f  a c t i v e ly  s e n s i t i s e d  mice. This an tibody  

s e n s i t i s e d  mouse sk in  f o r  PCA r e a c t io n s .  Mast c e l l  d i s ­

r u p t io n  was n o t observed a f t e r  such r e a c t io n s .  However, in  

1967 , Prouvost-Danon, P e ixo to  and Queiroz J a v ie r r e  concluded 

from t h e i r  experim ents th a t  homologous th e rm o la b i le ,  r e a g in -  

l i k e  an tib o d y  p a s s iv e ly  s e n s i t i s e d  mouse p e r i to n e a l  mast c e l l s  

f o r  h is tam ine  r e l e a s e  by a n t ig e n .  These workers b e l ie v e d  

t h a t  a c t iv e  and p a s s iv e  s e n s i t i s a t i o n  of  mouse p e r i to n e a l  

c e l l s  in v o lv ed  d i f f e r e n t  a n t ib o d ie s .  A ctive s e n s i t i s a t i o n  

r e s u l t e d  i n  th e rm o stab le  p r e c i p i t a t i n g  an tib o d y  which d id  no t 

f i x  to  mast c e l l s  (Prouvost-Danon, Queiroz J a v ie r r e  and
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S i lv a  Lima, I 966 ) .  P ass iv e  r e a c t io n s  could  be induced 

by an tib o d y  which d id  f i x  to  mast c e l l s  ( Prouvost-Danon, 

S i lv a  Lima and Q,ueiroa J a v i e r r e ,  I 966) .  In  the  mouse, as  

in  the  r a t ,  mast c e l l s  a re  b e l ie v e d  to  c o n ta in  5-hydroxy- 

tryp tam ine  as w ell  as  h is tam ine  ( P a r r a t  and West, 195?)•

SmiMARY

In  the  mouse, as in  the  r a t ,  th e re  i s  ev idence f o r  

the  involvem ent of more than  one type of  an tib o d y  in  the  

development of h y p e r s e n s i t i v i t y ,  5-hydroxytryp tam ine appears  

to  be an im p o rtan t m ediato r o f  an a p h y lax is .  Mast c e l l s  have

n o t  been shown to  be in v o lv ed .
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6) ANAPHYLAXIS IK THE GAT 

INDUCTION

In c o n t r a s t  to  the  la rg e  amount of  l i t e r a t u r e  on 

an ap h y lax is  in  ro d e n ts  and in  dogs th e re  i s  l i t t l e  pub­

l i s h e d  in fo rm a tio n  on anaphy lax is  in  the c a t .  Wilson and 

M iles ( 1984) in  Topley and W ilso n 's  tex tbook  " P r in c ip le s  

o f  B a c te r io lo g y  and Immunity" s t a t e d  t h a t  th e  c a t  was 

p e c u l i a r ly  in s u s c e p t ib le  to  an a p h y lax is .  Akcasu, i n  I 983 , 

c a r r i e d  out experim en ts  to  determ ine why c a ts  could  n o t 

be s e n s i t i s e d  to  fo re ig n  p r o te in s .  Fo llow ing  in trav e n o u s  

in f u s io n  o f  100 ml. o f  fo re ig n  serum he d e te c te d  an in c re a s e  

in  the  g lo b u l in  co n ten t o f  the  r e c i p i e n t ' s  serum. He 

b e l ie v e d  t h i s  to  be due to  t r a n s fo rm a t io n ,  in  c a t  t i s s u e ,  

o f  h e te ro lo g o u s  album in. Follow ing i n j e c t i o n  o f  egg album in, 

o r  cow 's m ilk , albumin was found to  be e x c re te d  so r a p id ly  

by the  k idney t h a t  a n t ib o d ie s  were no t d e te c te d  and s e n s i t ­



-  77 -

i v i t y  was no t ach iev ed . The a b i l i t y  o f  c a t s  to  tran sfo rm  

fo re ig n  p r o te in  and e x c re te  egg albumin was n o t shared  by 

g u in e a -p ig s ,  dogs or  r a b b i t s .  Akcasu deduced t h a t  c a ts  

were n o t r e a d i ly  s e n s i t i s e d  because of t h e i r  a b i l i t y  e i t h e r  

to  change the  a n t ig e n ic  s p e c i f i c i t y  of p r o te in  or to  e x c re te  

i t  b e fo re  an tib o d y  fo rm atio n  was s t im u la te d .

McGusker and A itken , however, in  I 966 , a c c id e n ta l ly  

induced an ap h y lax is  in  2 cats^w hich  they  were u s in g  to  

i n v e s t i g a t e  the s e ro lo g ic a l  and dermal r e a c t io n s  of  the 

o a t  to  p a r e n t e r a l l y  a d m in is te red  f o re ig n  p r o te in .  One c a t  

r e c e iv e d  4 subcutaneous i n j e c t i o n s  o f  bovine serum a t  

i n t e r v a l s  o f  s e v e ra l  days, fo llow ed by an in tra v e n o u s  

i n j e c t i o n  I 9 days l a t e r .  This i n j e c t i o n  r e s u l t e d  w ith in  

one minute i n  s c ra tc h in g ,  dyspnoea, s a l i v a t i o n ,  vom iting , 

in c o o rd in a t io n  and c o l la p s e .  Recovery began a f t e r  15 

m inutes and was complete a f t e r  12 hours . The second c a t
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was in j e c t e d  a t  s e v e ra l  s i t e s ,  suboutaneously , i n t r a -  

derm ally  and in t ra m u s c u la r ly  w ith  bovine gamma g lo b u l in  

(BGG) e m u ls i f ie d  in  complete F re u n d 's  a d ju v a n t .  These 

i n j e c t i o n s  were r e p e a te d  on 4 occasions  a t  i n t e r v a l s  of 

s e v e ra l  days. A f te r  7 weeks l a b e l l e d  gamma g lo b u l in  was 

g iven  in t r a v e n o u s ly  to  in v e s t ig a te  a n t ig e n  e l im in a t io n .

T his produced no r e a c t io n .  The oa t was n o t used  aga in  fo r  

approx im ate ly  9 months when the i n j e c t i o n s  o f  BGG in  F re u n d 's  

a d ju v a n t  were r e p e a te d  to  s t im u la te  p r e c i p i t a t i n g  an tibody  

p ro d u c t io n .  Four months l a t e r  an in tra v e n o u s  i n j e c t i o n  of 

BGG r e s u l t e d  in  c o l la p s e ,  dyspnoea w ith  b lo o d - s ta in e d  f ro th y  

f l u i d  exuding from the n o s t r i l s  and mouth and dea th  w ith in  

3 m inu tes . P o s t  mortem exam ination re v e a le d  e n la rg ed  lymph 

g la n d s ,  pulmonary emphysema, oedema and haemorrhage and con­

g e s t io n  o f  the  l i v e r .  Leucopenia w ith  accum ulation  of 

le u c o c y te s  in  the pulmonary a r t e r i e s  and a r t e r i o l e s  was 

d e s c r ib e d .  McGusker and A itken judged th e  b ro n c h io le s  to  be
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l e s s  p a te n t  than  normal. In travenous  i n j e c t i o n  of BGG 

had no adverse  e f f e c t s  on 7 c o n tro l  c a ts  t e s t e d .

In  1969 A itken and McGusker r e p o r te d  the  occurrence  

of a n a p h y la c t ic  r e a c t io n s  in  a f u r th e r  9 c a t s .  These were 

9 ou t o f  a t o t a l  o f  I 5 c a ts  which were be in g  used  to  i n ­

v e s t i g a t e  an tibody  p ro d u c tio n .  The p r o te in  a n t ig e n ,  

e m u ls i f ie d  w ith  F reund’s ad juvan t was i n j e c t e d  in to  the 

fo o tp ad , subcu taneously  or in t r a m u s c u la r ly .  In trav en o u s  

ch a llen g e  was c a r r i e d  ou t in  8 c a ts  a f t e r  I 7 days. Two of 

th e se  developed symptoms of an ap h y lax is .  The rem ain ing  7 

c a ts  were ch a llen g ed  a f t e r  25 and 27 days and a l l  showed 

a n a p h y la x is .  No co n c lu s io n s  could be drawn as  to  the  

im portance of the  time in t e r v a l  between s e n s i t i s i n g  and 

ch a llen g e  i n j e c t i o n s ,  however, as th ese  7 c a t s  had re c e iv e d  

l a r g e r  s e n s i t i s i n g  and cha llenge  doses of p r o te in  than  had 

those  ch a llen g ed  a f t e r  17 days. A lso, the  same a n t ig e n  v/as 

n o t u sed  in  every  an im al. The c a ts  developed p r e c i p i t a t i n g
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a n t ib o d ie s  to  egg albumin, bovine f ib r in o g e n  and p ig  

gamma g lo b u l in  b u t n o t  to  bovine serum albumin ( 3SA). 

A naphylaxis was n o t produced in  the  c a ts  which re c e iv e d  

BSA and A itken and McGusker suggested  t h a t  c a t s  might have 

a  to le ra n c e  to  t h i s  p r o te in  as a r e s u l t  o f  e a r ly  d ie ta r y  

exposure to  m ilk  and meat.

U nlike the  2 oases p re v io u s ly  encountered  (A itken  and 

McGusker, I9 8 6 ) ,  the symptoms of anaphy lax is  i n  c a ts  d e sc r ib e d  

by A itken  and McGusker in  I969 were sk in  i r r i t a t i o n  and hyper­

a c t i v i t y  of the  a l im e n ta ry  t r a c t .  Symptoms began w ith in  

seconds o f  the  in trav e n o u s  i n j e c t io n s  and l a s t e d  f o r  p e r io d s  

ran g in g  from 10 m inutes to 24 h o u rs .  Two c a ts  d ied  and p o s t  

mortem exam ination  r e v e a le d  in te n s e  co n g es tio n  o f  the small 

i n t e s t i n e  w ith  no m acroscopic pulmonary l e s i o n s .  There was 

c o n s id e ra b le  v a r i a t i o n  in  th e  s e v e r i ty  of th e  symptoms but 

none of th e c a t s  showed the  r e s p i r a t o r y  d i s t r e s s  d esc r ib e d  

p re v io u s ly  (McGusker and A itken , I9 6 6 ) . This d i f fe re n c e  was
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a t t r i b u t e d  to  the  d i f f e r e n c e  in  the degree o f  s e n s i t i s a t i o n  

in  the  tvfo s i tu a t io n s #  The c a ts  d e sc r ib e d  in  I966 re c e iv e d  

a l a r g e r  number of  s e n s i t i s i n g  in j e c t i o n s  and lo n g e r  time 

i n t e r v a l s  e la p se d  b e fo re  challenge# The p o s s i b i l i t y  of 

in d iv id u a l  v a r i a t i o n  in  the  organs a f f e c t e d  was suggested .

Brodie ( 1900- 0 1 ) d e s c r ib e d  r e s p i r a t o r y  and c a rd ia c  

a r r e s t  and v a s o d i la t io n  produced in  o a ts  by in tra v e n o u s  

i n j e c t i o n  o f  serum from any sou rce . The e f f e c t s  were a b o l ish e d  

a f t e r  vagotomy and were a t t r i b u t e d  to  e x c i t a t i o n  of the  pulmonary 

b ranches  o f  th e  vagus. G ild in g  and N utt ( 1943- 44 ) a lso  

in v e s t ig a t e d  serum t o x i c i t y  in  c a t s .  They observed  t h a t  

an o th e r  f e a tu r e  of  th e  r e a c t io n  was le u co p e n ia ,  t h a t  s to ra g e  

o f  serum was a s s o c ia te d  w ith  t o x i c i t y  and t h a t  a t ro p in e  o r  

vagotomy a b o l ish e d  th e  r e a c t i o n .  The "Brodie phenomenon" 

was u n l ik e ly  to  be in v o lved  in  the r e a c t io n s  observed by 

A itken  and McGusker as  they  used  f r e s h ly  p rep a red  s o lu t io n s



— 82 —

o f  a n t ig e n  and as th ey  never observed r e a c t io n s  in  u n sen s­

i t i s e d  c a t s .

A itken  and McGusker d id  n o t a t tem p t to  d e te c t  p o s s ib le  

m ed ia to rs  i n  the  a f f e c t e d  c a ts  bu t Austen and Humphrey (I963) r e ­

corded c a t  lung  to  be 200 tim es more s e n s i t i v e  to  5“hydroxy- 

try p tam in e  than  to  h is ta m in e .  Although c a t  pulmonary t i s s u e  

was d e s c r ib e d  by R i le y  and West ( 1953) as  b e in g  r i c h  i n  mast 

c e l l s ,  such c e l l s  were found to  be t o t a l l y  ab se n t  i n  the  lung  

o f  a c a t  dying d u r in g  an ap h y lax is  (McGusker and A itken , I9 6 6 ) .

SHieiARY

The experim ents  c a r r i e d  ou t by A itken  and McGusker were 

n o t d ev ised  to  i n v e s t i g a t e  system ic an ap h y lax is  in  th e  c a t .

T h e ir  f in d in g s  were in c id e n t a l  to  t h e i r  i n v e s t i g a t io n  of a l l e r g i c  

sk in  r e a c t io n s  in  c a t s ,  however, they  d id  show t h a t  system ic 

an ap h y lax is  could  occur in  the  c a t  and t h a t  the  n a tu re  of the 

r e a c t io n  could vary  w ith  d i f f e r e n t  s e n s i t i s a t i o n  procedures*
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7 ) ANAPHYLAXIS IN THE PIG 

SENSITISATION

Thomlinson and Buxton (I963) produced a c t iv e  ana­

p h y la x is  w ith  egg album in, and re v e r s e d  p a s s iv e  an aphy lax is  

w ith  E sc h e r ic h ia  c o l i  (E. o o l i )  i n  p ig s  in  o rd e r  to  compare 

the  symptoms and l e s io n s  produced to  those  o f  g a s t r o - e n t e r i t i s  

and oedema d is e a s e  a s s o c ia te d  w ith  E. c o l i  i n f e c t i o n .  To 

s e n s i t i s e  p ig s  to  egg albumin Thomlinson and Buxton used the  

same dose p e r  u n i t  body w eight as used  in  p re l im in a ry  ex­

p er im en ts  in  g u in e a -p ig s  (Thomlinson and Buxton, I9 6 2 ) .  A 

dose o f  approx im ate ly  100 mg/Kg subcu taneously  or 50 mg/Kg 

in t r a v e n o u s ly  was g iven to  p ig s  w eighing abou t 20 Kg. The 

an im als  were ch a llen g ed  in tra v e n o u s ly  w ith  a  dose of  50 rag/lCg 

or 25 mg/Kg a f t e r  i n t e r v a l s  o f  6 to 12 days . T h ir ty  m inutes 

a f t e r  in tra v e n o u s  ch a llen g e  they  re p e a te d  the  dose su b c u t­

aneous ly  w ith  the  aim of p ro lo n g in g  th e  r e a c t i o n .
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A ll 7 p ig s  s e n s i t i s e d  in  t h i s  way developed symptoms 

on c h a l le n g e .  The o n se t  i n  4 cases  was one minute a f t e r  

i n j e c t i o n ,  in  one 5 m inutes and, in  2, slow ly  over one 

hou r. C i r c l in g ,  in c o o rd in a t io n ,  s ta g g e r in g ,  coughing, 

co n g e s tio n  of sk in  and c o n ju n c t iv a e , c o n v u ls io n s ,  c o l la p se  

and r e s p i r a t o r y  d i s t r e s s ,  w ith  p e r io d s  o f  apnoea were d es­

c r ib e d .  D efaeca tio n , s t r a i n i n g  and vom iting  fo llow ed  w ith  

m uscular trem ors  deve lop ing  a f t e r  20 to  40 m inu tes . S w elling  

o f  the  e y e l id s  w ith  cyanosis  and prolonged r e s p i r a t o r y  d i s t r e s s  

were d e s c r ib e d .  The d u ra t io n  of r e a c t io n s  ranged  from 2 to  

6 h o u rs .  In  l e s s  s e v e re ly  a f f e c t e d  anim als vom iting  d id  n o t 

occur and r e s p i r a t o r y  symptoms were l e s s  se v e re .  One animal 

was g iven a f u r th e r  dose of egg albumin a f t e r  2 hours when 

i t  had reco v e red  from the  cha llenge  d o ses . This caused 

symptoms to  r e c u r  and continue  f o r  a f u r t h e r  2 ho u rs . Three 

u n s e n s i t i s e d  p ig s ,  g iven  the  same dose of egg albumin i n t r a ­

venously , showed no symptoms. R eac tio n s  were encountered
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i n  p ig s ,  which were r e c e iv in g  r e p e a te d  in tra v e n o u s  

i n j e c t i o n s  of egg albumin a t  i n t e r v a l s  o f  2 days in  

o rd e r  to  produce an tise ru m . These r e a c t io n s  occu rred  

a f t e r  i n j e c t i o n  on th e  f o u r th  day and on each subsequent 

o cc as io n . When i n j e c t e d  ag a in  a f t e r  an i n t e r v a l  o f  24- 

days no r e a c t io n s  o cc u rred . This appeared  n o t  to  have 

been a Type I  a n a p h y la c t ic  r e a c t io n  and may have been a 

m a n i fe s ta t io n  o f  Type I I I ,  serum s ic k n e s s  o r  A rthus r e a c t io n .

R eversed  p a s s iv e  an aphy lax is  was induced  by in tra v e n o u s  

i n j e c t i o n  of E. c o l i  a n t ig e n ,  fo llow ed  $0 m inutes l a t e r  by 

in tra v e n o u s  i n j e c t i o n  of homologous E. c o l i  a n t ise ru m . The 

symptoms shown by th e se  p ig s  were s im i la r  to  those  of  a c t iv e  

an ap h y lax is  bu t were more pro longed , showing no s ig n s  of 

reco v e ry  a f t e r  4 hours  when they  were k i l l e d .

P o s t  mortem exam ination  of an im als which had shown 

m odera te ly  se v e re ,  a c t iv e  a n a p h y la c t ic  shock re v e a le d  

c h a r a c t e r i s t i c  l e s io n s  of oedema d is e a s e .  M ild ly  a f f e c t e d
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anim als showed a c a t a r r h a l  e n t e r i t i s  w hile  severe  p ro ­

t r a c t e d  symptoms, r e s u l t i n g  from re v e rse d  p a s s iv e  ana­

p h y la x is  to  E. c o l i  were a s s o c ia te d  w ith  l e s io n s  of  

haem orrhagic g a s t r o - e n t e r i t i s .  In  the lungs  emphysema, 

c o n g e s t io n ,  b ro n c h o c o n s t r ic t io n  and p e r ib ro n c h ia l  oedema 

were d e s c r ib e d  and, in  th e  h e a r t ,  su b en d o card ia l  haemorr­

hages w ith  oedema and haemorrhage of the  i n t e r s t i t i a l  t i s s u e  

o f  th e  myocardium. Thomlinson and Buxton co n s id e red  oedema 

d is e a s e ,  haem orrhagic g a s t r o - e n t e r i t i s  and c a t a r r h a l  e n t e r i t i s  

to  be h y p e r s e n s i t iv e  r e a c t io n s  of an a n a p h y la c t ic  type to  

E. c o l i  o rganism s. The u l t im a te  m a n if e s ta t io n s  they  judged 

to  be determ ined  by the  s e v e r i t y  and d u r a t io n  o f  th e  r e a c t io n ,  

which, in  tu r n ,  depended on the  immune s t a t u s  of the in d iv id u a l  

p ig  and th e  r a t e  o f  m u l t i p l i c a t i o n  and a b s o rp t io n  of  E. c o l i .  

T h e ir  r e s u l t s  suggested  t h a t  h y p e r s e n s i t i v i t y  r e a c t io n s  of 

Type I I I  as  w e ll  as  Type I  were in v o lv e d . Thomlinson and
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Buxton (1963) d id  n o t measure the  p h y s io lo g ic a l  changes 

o c c u r r in g  i n  t h e i r  p ig s  nor d id  they  s p e c u la te  on the 

p o s s ib le  m ed ia to rs  of the r e a c t io n s .

MEDIATORS

i )  HISTA?vTINE

The a c t io n s  of h is tam in e  on the  c a rd io v a s c u la r  and 

r e s p i r a t o r y  systems of p ig s  were d esc r ib e d  by Smith and 

A lp e r t  (1955), Smith and Coxe (I951) and Heaton ( I9 6 2 ) .

Smith and A lp e r t  ( 1955) found 1.35  mg/kg to  be the  LD^^ of 

h is tam in e  base when i n j e c t e d  in t r a v e n o u s ly  i n  a group of 26 

young p ig s  a n a e s th e t i s e d  w ith  sodium p e n to b a rb i to n e .  

R e s p i r a to ry  d i s t r e s s  vfas d e sc r ib ed ,  w ith  r e s p i r a t o r y  f a i l u r e  

p ro ceed in g  c a rd ia c  a r r e s t  by 10 to  15 m in u tes . The p a th o ­

l o g ic a l  f e a t u r e s  were enlargem ent o f  the  r i g h t  s id e  of the 

h e a r t  and d is t e n s io n  of the  coronary  v e in s .  The lungs were 

d is te n d e d  showing a lv e o la r  ru p tu re  and a re a s  of a t a l e c t a s i s .
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The a u th o rs  s t a t e d  d ea th  to  he due to  h ro n o h o c o n s tr ic t io n  

and pulmonary v a s o c o n s t r i c t io n  le a d in g  to  h e a r t  f a i l u r e .

No l e s io n s  were d e sc r ib e d  in  o th e r  o rgans.

Heaton (1962) found the in tra v e n o u s  in  I5 un­

a n a e s th e t i s e d  p ig s  to  be s l i g h t l y  h ig h e r ,  namely, 2 .0  mg/lCg.

He a lso  d iagnosed t h a t  r i g h t - h e a r t  f a i l u r e  was proceeded by 

b ro n c h o c o n s t r ic t io n  and r e s p i r a t o r y  a r r e s t .  P igs  showed 

v o m itin g , s a l i v a t i o n ,  dyspnoea and co n v u ls io n s .  Heaton 

observed  an in c re a s e  i n  fem oral venous p re s su re  and a f a l l ,  

fo llo w ed  by a r i s e ,  in  c a r o t id  a r t e r i a l  p r e s s u re .  P o s t  

mortem exam ination  re v e a le d  d i l a t a t i o n  o f  the  r i g h t  s id e  of 

the  h e a r t  and pulmonary oedema. Heaton concluded t h a t  pulmonary 

venous c o n s t r i c t i o n  occu rred  and e l im in a te d  pulmonary a r t e r i a l  

c o n s t r i c t i o n  on the  grounds th a t  the  l a t t e r  would n o t a llow  

development of  pulmonary oedema. Heaton d id  n o t measure 

pulmonary blood p r e s s u re s  bu t h i s  th e o ry  was supported  by
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th e  f in d in g  o f  Smith and Coxe (195I) t h a t  i s o l a t e d  p ig  

pulmonary a r t e r y  was un responsive  to  h is tam in e  whereas 

pulmonary v e in  c o n s t r i c t e d .
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8 ) ANAPHYLAXIS IN THE SHZBP 

SaHSITISAPIOH AND DESCRIPTION

Code and H es te r  ( 1959) a t tem p ted  to  ex tend  the  in -

v e s t i g a t i o n  o f  h is tam in e  r e l e a s e  i n  an ap h y lax is  from the 

dog and g u in e a -p ig  (Code, 1958) to  in c lu d e  o b se rv a t io n s  on 

l a r g e r  dom estic an im als , namely the  h o rse ,  c a l f ,  sheep and 

g o a t .  However, they  f a i l e d  to  induce an ap h y lax is  in  sheep 

by the  techn ique  o f  s e n s i t i s a t i o n  u sed . Two sheep were 

g iven  50 to  40 ml. egg w hite subcu taneously  d a i ly  f o r  10 

c o n secu tiv e  days and 2 were g iven dog serum, a l t e r n a t i n g  

the  subcutaneous and in tra v e n o u s  ro u te s  o f  i n j e c t i o n  f o r  9 

c o n secu tiv e  days. They were ch a llen g ed  by in trav e n o u s  

i n j e c t i o n  o f  50 ml. o f  the  a p p ro p r ia te  a n t ig e n  a f t e r  an 

i n t e r v a l  o f  2 weeks. The only  e f f e c t  o f  t h i s  i n j e c t i o n  was 

a  s l i g h t  in c re a s e  in  r a t e  and depth  of r e s p i r a t i o n .  Blood 

h is tam in e  c o n c e n tr a t io n ,  measured by th e  m odif ied  Barsoum- 

Gaddura method (Code, 1957) ,  was unchanged. S im ila r  a t tem p ts  

to  s e n s i t i s e  two g oa ts  were e q u a l ly  u n s u c c e s s fu l .
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A naphylaxis was induced in  sheep by A lexander, 3y re ,

Head and Sanford  in  1970 . They in j e c t e d  l.Ogm. crude hen 

egg albumen as a 10^ s o lu t io n  i n  s a l in e  on 2 or 5 occasions  

a t  i n t e r v a l s  of 2 days. A f te r  i n t e r v a l s  o f  2 to  4 weeks th e se  

an im als were ch a llen g ed  by in trav e n o u s  i n j e c t i o n  of 1 ,0  gm. 

a lu m -p r e c ip i t a te d  ovalbumin. This dose was e q u iv a le n t  to  

app rox im ate ly  50 mg/Kg. W ithin  15 to  50 seconds the sheep 

showed dyspnoea, n o s e - l i c k in g ,  d e fa e c a t io n  and u r in a t i o n .  

Coughing, w ith  sm all amounts o f  mucus i n  the  mouth and n a re s  

was d e s c r ib e d .  Recovery began a f t e r  10 to  15 m inutes and 

was a p p a re n t ly  complete a f t e r  40 to  60 m in u tes . F u r th e r  

i n j e c t i o n s  o f  a n t ig e n  g iven one to  4 hours a f t e r  reco v e ry  

produced no m a n ife s ta t io n s  o f  shock. Packed c e l l  volume 

(PCV) was found to  be in c re a s e d  by \O fo  to  A O fo w i th in  5 

m inutes o f  i n j e c t i o n  of  a n t ig e n  and t h i s  was fo llow ed  by 

h aem o d ilu tio n . S im ila r  r e a c t io n s  were produced in  anim als 

s e n s i t i s e d  by a d i f f e r e n t  method. These were i n j e c t e d
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in t r a m u s o u la r ly  w ith  0 .25  mg. egg albumen mixed w ith  

5 ml. complete F re u n d 's  a d ju v a n t .  This was r e p e a te d  a f t e r  

7 days. A f te r  4 to  6 weeks graded doses o f  a lu m -p re c ip i t a te d  

ovalbumin (10, 10, 20, 50 and 100 ug) were i n j e c t e d  i n t r a ­

venously  a t  2 day i n t e r v a l s  and the  anim als used  f o r  experim ents  

a f t e r  a l a t e n t  p e r io d  o f  a t  l e a s t  2 weeks.

C hallenge o f  s e n s i t i s e d  anim als a n a e s th e t i s e d  w ith  

p e n to b a rb ito n e  a llow ed  d e te c t io n  of a f a l l  i n  c a r o t id  blood 

p re s s u re  and a  r i s e  in  th e  p re s su re  in  the  pulmonary a r t e r y ,  

vena cava and h e p a t ic  v e in .  T rach e o -b ro n ch ia l  r e s i s t a n c e ,

II
measured by th e  method of K onzett and R o s s le r  ( 1940) ,  in c re a s e d .  

MEDIATORS

A lexander e t . a l . ( 1970) found t h a t  s p e c i f i c  a n ta g o n is t s  

o f  h is tam in e  and 5-bydroxytryptam ine d id  n o t  in f lu e n c e  the 

a n a p h y la c t ic  response  to  egg albumen bu t sodium meclofenaraate, 

an a n ta g o n is t  of b ra d y k in in  and SRS, d id  have an i n h i b i t a r y
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e f f e c t .  The dose of sodium meclofenamate used  ( 0.25  mg/kg) 

an tag o n ise d  the  f a l l  i n  b lood p re ssu re  and s l i g h t  in c re a se  

i n  b ro n c h ia l  r e s i s t a n c e  produced by 0.001 mg/Xg b ra d y k in in  

bu t a l s o  appeared to  p a r t l y  i n h i b i t  re sp o n se s  to  h is tam ine  

and 5-hydroxy try p tam in e . Mepyramine (5 mg/iCg) and me th y -  

s e rg id e  (0 .25  mg/Xg), a n tag o n ise d  a d m in is te re d  h is tam ine  

( 1 ug/Xg) and 5-hydroxytryp tam ine (10 ug/Xg) r e s p e c t iv e ly .

A lexander e t , a l . ( 1970) a lso  a d m in is te re d  the  h is tam ine  

r e l e a s e r s ,  compound 48/80 , octylaraine and polymyxin to  sheep. 

These produced s im i la r  e f f e c t s  to  those  seen  d u rin g  a n a p h y la x is ,  

bo th  i n  consc ious  and in  a n a e s th e t i s e d  sheep . The e f f e c t s  

o f  polymyxin were p a r t i a l l y  an tag o n ise d  by the  a n t ih is ta m in e  

mepyramine bu t the  e f f e c t s  o f  48/80 and octylamine were n o t 

a n tag o n ise d  by mepyramine or the  5-hydroxy tryp tam ine a n ta g o n is t  

m e thyserg ide . Repeated doses of h is tam in e  r e l e a s e r s ,  g iven 

i n t r a p e r i t o n e a l l y  on 5 to  5 consecu tive  days, f a i l e d  to  d e p le te  

the  t i s s u e s  of h is ta m in e .  These r e s u l t s  suggested  th a t
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b rad y k in in  and SRS might p la y  a more im p o rtan t r o le  than  

h is tam in e  or 5“hydroxytryptam ine in  an ap h y lax is  i n  sheep.

They a l s o  in d ic a t e d  th a t  the  e f f e c t s  o f  h is tam in e  r e l e a s e r s  

in  sheep were no t e n t i r e l y  due to  h is tam in e  r e l e a s e .  Ho 

s i g n i f i c a n t  changes i n  mast c e l l s  were d e s c r ib e d .

The e f f e c t s  o f  h is tam in e  and 5“hydroxytryptam ine were 

d e s c r ib e d  in  some d e t a i l  by Alexander e t . a l . in  I967. In  

u n a n a e s th e t i s e d  sheep h is tam in e  caused haem oconcen tra tion , 

r e s p i r a t o r y  em barrassment and c o l la p s e .  5“Hydroxytryptamine 

produced s im i la r  e f f e c t s  w ith  the ex cep tio n  of haem oconcen tra tion . 

In  a n a e s th e t i s e d  sheep h is tam in e  caused a f a l l  in  system ic 

b lood  p r e s s u re ,  a r i s e  i n  pulmonary a r t e r i a l  b lood  p r e s s u re ,  

b ro n c h o c o n s t r ic t io n  and in c re a se d  i n t r a p l e u r a l  p r e s s u r e .  The 

o u tf low  from the pulmonary v e in  of an i s o l a t e d  lung  was reduced  

by h is ta m in e .  5“Hydroxytryptamine produced a f a l l  then  a sub­

sequen t r i s e  i n  system ic  b lood p re s su re  b u t o th e r  e f f e c t s
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were s im i la r  to  those  o f  h is ta m in e .  C o llap se , oedema and 

haemorrhage was d e s c r ib e d  as be ing  p re s e n t  i n  the  lungs 

a f t e r  a d m in is t r a t io n  of  e i t h e r  su b s tan ce ,

Halmagyi, S ta rz e c k i  and Horner in  I965 ad m in is te red  

h is tam in e  and 5“hydroxytryptam ine to  sheep i n  the  course of 

i n v e s t i g a t i n g  endo tox in  shock. They found t h a t  the a n t i ­

h is tam in e  prom ethazine and the  5“hydroxytryp tam ine a n ta g o n is t ,  

1-m e th y l -d - ly s e rg ic  a c id  bu tanolam ide, p r o te c te d  the anim als 

a g a in s t  the  e f f e c t s  of h is tam ine  and 5-hydroxy tryp tam ine 

r e s p e c t i v e l y .  Endotoxin a d m in is t r a t io n ,  a f t e r  p re tre a tm e n t  

w ith  th e se  a n t a g o n is t s ,  however, s t i l l  produced a r i s e  in  

pulmonary a r t e r i a l  and a r t e r i a l  wedge p r e s s u r e ,  a f a l l  in  

c a rd ia c  o u tp u t  and system ic  a r t e r i a l  p re s s u re  and a f a l l  in  

lu n g  compliance due to  te rm in a l  a irw ay c lo s u re .  I s o p ro te re n o l  

( i s o p r e n a l in e )  r e v e r s e d  th e se  e f f e c t s .  E n d o to x in - r e s i s t a n t  

sheep were a l s o  r e s i s t a n t  to  pulmonary embolism and incomp­

a t i b l e  b lood  t r a n s f u s io n ,  su g g e s tin g  t h a t  a common m edia to r 

was in v o lv e d  in  th e se  th re e  c o n d i t io n s .
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Eyre (I969) examined the  e f f e c t s  o f  v a r io u s  substances  

on sheep t ra c h e o b ro n c h ia l  muscle in  v i t r o .  He found th a t  

h is tam in e  c o n t ra c te d  the  t r a c h e a l  and major b ro n c h ia l  m uscles 

and r e la x e d  the m uscles of  the  l e s s e r  b ronch i and b ro n c h io le s .  

The s t im u la n t ,  b u t n o t th e  r e la x a n t  a c t io n ,  was an tag o n ise d  

by mepyramine. 5-Hydroxytryptam ine c o n t ra c te d  the m uscu la tu re  

from a l l  p a r t s  o f  the  r e s p i r a t o r y  t r a c t .  This  e f f e c t  was 

a n ta g o n ise d  by bo th  m ethysergide and a t r o p in e .  B radykinin  

a l s o  had a s t im u la n t  a c t io n  on t r a c h e o b ro n c h ia l  muscle bu t 

the  h igh  doses r e q u i r e d  in d ic a te d  t h a t  the  t i s s u e  was r e ­

l a t i v e l y  i n s e n s i t i v e  to  t h i s  su b s tan ce . The most i n t e r e s t i n g  

f e a tu r e  o f  E y re 's  r e p o r t  was th e  f in d in g  of a r e la x a n t  e f f e c t  

o f  h is ta m in e .  This  could  n o t be an tag o n ise d  by a d ren e rg ic  

b lo c k in g  drugs or lo c a l  a n a e s th e t i c  bu t was a n tag o n ise d  by 

b a r b i t u r a t e s .  This was s i g n i f i c a n t  as  experim ents  in v o lv in g  

measurement of  r e s i s t a n c e  of  the lungs to  i n f l a t i o n  were 

c a r r i e d  out under b a r b i tu r a t e  a n a e s th e s ia  (A lexander e t . a l , ,

1 9 6 7 ) .
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CUTANEOUS REACTIONS

Eyre ( I 970& )inve8t i g a t e d  p a s s iv e  cu taneous a n a p h y la c t ic  

r e a c t i o n s  i n  sheep and found t h a t  5"Hydroxytryptamine and 

k in in  an d /o r  SRS-A appeared  to  he more im p o r ta n t as  m ed ia to rs  

than  h is ta m in e .  He found t h a t  the  e f f e c t s  o f  i n j e c t i n g  48/80  

in t r a d e rm a l ly  could  he a n tag o n ised  e i t h e r  by the  a n t ih is ta m in e  

mepyramine or by the  5“Hydroxytryptamine a n t a g o n is t ,  m ethyser­

g id e ,  i n j e c t e d  in t r a v e n o u s ly  15 m inutes b e fo re  c h a lle n g e .

This su g g e s ted  t h a t  48/80  might r e l e a s e  5-Hydroxytryptam ine 

in  a d d i t io n  to  h is tam in e  in  sheep . P ass iv e  cutaneous ana­

p h y la c t i c  r e a c t i o n s  were i n h i b i t e d  by m ethyserg ide  and sodium 

meclofenamate to  a g r e a t e r  e x te n t  th an  by the  a n t ih i s ta m in e s ,  

mepyramine and p rom ethazine .
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9 ) ANAPHYLAXIS IN CATTLB 

INDUCTION AND DESCRIPTION

The f i r s t  r e p o r t  o f  the experim en ta l p ro d u c tio n  of 

h y p e r s e n s i t i v i t y  r e a c t io n s  in  c a t t l e  was by G erlach  in  1922 , 

He observed  the  e f f e c t s  o f  s in g le  and re p e a te d  subcutaneous 

and in tra v e n o u s  i n j e c t i o n s  of v a r io u s  s e ra  in  cows to  be 

i t c h i n g ,  u r t i c a r i a  and oedema of the  sk in  w ith  c o n g es tio n  and 

s w e l l in g  of the  raucous membranes as w ell as  s a l i v a t i o n ,  

rum inai tympany, pulmonary emphysema and s u b -p le u r a l  haem­

o rrh a g e .  The s t im u lu s  f o r  G e r la c h 's  work v^as the  occurrence  

o f a d v e r s e - r e a c t io n s  i n  c a t t l e  v a c c in a te d  a g a in s t  an th ra x  

over th e  y e a rs  I9 I9  and I92O. Equine immune serum was admin­

i s t e r e d  to g e th e r  w ith  the  an th rax  vaccine  ( s e r o - v a o c in a t io n ) . 

The symptoms produced by subcutaneous and in tra v e n o u s  admin­

i s t r a t i o n  d i f f e r e d  on ly  in  t h e i r  r a t e  o f  o n s e t .  This ranged 

from 15 m inutes to  2 h o u rs .  G erlach  found th a t  r e a c t io n s  to
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equine s e ra  occu rred  in  anim als w ith  no p rev io u s  known 

exposure to  equine s e ra  and d e sc r ib e d  th e se  as serum s ic k n e ss  

as  d i s t i n c t  from a n a p h y la x is .  Anthrax c u l tu r e  had no in f lu e n c e  

on th e  r e a c t io n s  which were a t t r i b u t e d  w holly to the  h e te r o ­

logous s e r a .  He a t tem p ted  to  determ ine th e  d u ra t io n  of the  

s ta g e  fo l lo w in g  a r e a c t io n  when an anim al was r e s i s t a n t  to  

f u r t h e r  i n j e c t i o n s  of  serum. Subcutaneous i n j e c t i o n s  of 

serum were g iven  a t  2 to  3 week i n t e r v a l s  and he f i r s t  ob­

se rv ed  re c u r re n c e  of a r e a c t io n  a f t e r  months. He a ttem p ted  

u n s u c c e s s fu l ly  to  t r a n s f e r  h y p e r s e n s i t i v i t y  by i n j e c t i o n  of 

s e r a  from s e n s i t i v e  c a t t l e  in to  g u in e a -p ig s  and r a b b i t s .

i P \Code and H es te r  i n  1959 produced anaphy laxfs j i h ^4 Guernsey 

c a lv e s ,  under 6 months o ld ,  i n  o rd e r  to  de term ine whether 

l i b e r a t i o n  o f  h is tam in e  o ccu rred . Two c a lv e s  were d a i ly  

g iv en  6 a l t e r n a t i n g  in tra v e n o u s  and subcutaneous in j e c t i o n s  

o f  5 m is. o f  a 205̂  s o lu t io n  o f  f r e s h  egg w hite  in  s a l in e  

w h ile  an o th e r  two were s im i la r ly  i n j e c t e d  w ith  u n d i lu te d  horse
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serum. Having determ ined , b efo re  b eg inn ing  the  course 

of  s e n s i t i s a t i o n ,  t h a t  an in trav e n o u s  i n j e c t i o n  o f  30 mis. 

o f  the a n t ig e n  s o lu t io n  produced no r e a c t io n  in  the c a lv e s ,  

they  a llow ed an i n t e r v a l  o f  5 to  7 weeks a f t e r  the  l a s t  

s e n s i t i s i n g  i n j e c t i o n  then  gave the  c h a l le n g in g  dose of 

50 m is . a n t ig e n  s o lu t io n  in t r a v e n o u s ly .  The i n t e r v a l  

between the  c o n t ro l  in tra v e n o u s  i n j e c t i o n  and the beg inn ing  

o f  th e  s e n s i t i s a t i o n  course was n o t s t a t e d .  Two ca lv es  were 

c h a lle n g ed  in  the  conscious s t a t e ,  one s e n s i t i s e d  to  each 

of th e  two a n t ig e n s ,  and tv/o under a n a e s th e s ia .  The conscious 

c a lv e s  subsided  im m ediately  to  t h e i r  knees showing hyperpnoea 

which l a s t e d  5 to  10 m inu tes . Abdominal d i s t e n s io n  then  

developed over 20 to  30 m inutes le a d in g  to  r e s p i r a t o r y  

im pairm ent. Tympany p e r s i s t e d  f o r  6 h o u rs .  In  the  an a es­

t h e t i s e d  ca lv e s  stomach movements, r e s p i r a t o r y  movements and 

c a r o t i d  b lood  p re s s u re  (B .P .)  were re c o rd e d .  W ithin  5 

m inutes o f  i n j e c t i o n  of a n t ig e n  the  stomach c o n t ra c t io n s
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ceased  f o r  approx im ate ly  45 m inutes and tympany was the  

most o u ts ta n d in g  f e a tu r e  observed . There was on ly  a 

g ra d u a l ,  s l i g h t  d e c l in e  in  B.P. (20 m.m. Hg. ) . These 

an im als  were d e s tro y e d  a f t e r  2 hours . At p o s t  mortem, 

organs o th e r  than  the  d is te n d e d  stomach were a p p a re n t ly  

norm al. I t  was presumed t h a t  "stomach" r e f e r r e d  to  rumen.

Blood samples tak en  from s e n s i t i s e d  an im als  be fo re  

and 10 m inutes a f t e r  ch a llen g e  by in tra v e n o u s  i n j e c t i o n  o f  

a n t ig e n  showed a r e d u c t io n  in  h is tam ine  c o n ten t  i n  a l l  c a se s .  

Before s e n s i t i s a t i o n  such an in trav en o u s  i n j e c t i o n  produced 

no change. C lo t t in g  time was measured in  a c lea n  g la s s  

t e s t  tube and found to  be unchanged a f t e r  a n a p h y la c t ic  shock.

Dungworth (I965 ) s e n s i t i s e d  6 month o ld  H o ls t e in - F r i e s i a n  

and H ereford  c a t t l e  to egg p r o te in s  in  an a t tem p t to  produce 

an a l l e r g i c  pneum onitis  to  compare w ith  th e  n a t u r a l l y  o c c u rr in g  

syndrome of acu te  pulmonary emphysema, o r  fog  f e v e r ,  o f  c a t t l e .  

His an im als were g iven  8 weekly in tra m u sc u la r  i n j e c t i o n s  of
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550 mg, d r ie d  egg w h ite ,  or 250 mg. p u r i f i e d  ovalbumin, 

in  complete F re u n d 's  a d ju v a n t .  B ooster i n j e c t i o n s  were 

g iven  a t  u n s p e c i f ie d  i n t e r v a l s  u n t i l  ch a llen g e  was c a r r i e d  

ou t by exposure of the an im als to  a n t ig e n  a d m in is te re d  by 

a e r o s o l .  Serum p r e c i p i t i n  l e v e l s  were measured by Dungworth 

u s in g  th e  method o f  Kabat and Mayer (196I)  and by O u ch te r lo n y ' s 

method of double d i f f u s io n  in  g e l (O uch terlony , 1964).

P a ss iv e  sk in  t e s t s  were c a r r i e d  ou t in  u n s e n s i t i s e d  ca lv es  

to  dem onstra te  sk in  s e n s i t i s i n g ,  h e a t - l a b i l e ,  r e a g in ic  a n t i ­

b o d ie s ,  by i n j e c t i o n  of a n t ig e n  in t r a v e n o u s ly  or in t r a d e rm a l ly  

48 hours  a f t e r  in tra d e rm a l  i n j e c t i o n  of  d i l u t i o n s  of sera- 

from s e n s i t i s e d  c a lv e s .  Challenge w ith  a e r o s o l i s e d  ovalburaen 

as p a r t i c l e s  0 .7  to  1 . 2 ^  in  d iam eter  was c a r r i e d  out a t  a 

time when p r e c i p i t i n s  and re a g in s  were maximally developed.

This appeared  to  be delayed  u n t i l  4 to  I5  months a f t e r  com­

p le t i o n  o f  the  s e n s i t i s i n g  co u rse . Exposure to  a lovf concen­

t r a t i o n  o f  the  vapour was ach ieved  by p la c in g  the  anim als in
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a room 10 ' x 20' x 10' w ith  minimum v e n t i l a t i o n  and to  a 

h ig h e r  c o n c e n tra t io n  by p la c in g  t h e i r  heads in  a 4* cube 

p l a s t i c  chamber.

Of 10 anim als ch a llen g ed  by a e ro s o l  a d m in is t r a t io n  of  

ovalbumen 3 showed no response  a f t e r  3 to  5 hours exposure 

to  the  a n t ig e n  in  h igh  c o n c e n tra t io n .  One animal r e a c te d  

a c u te ly  w i th in  15 m inu tes , showing loud wheezing, open- 

mouthed b re a th in g  and coughing. These symptoms r a p id ly  r e ­

g re s se d  on c e s s a t io n  of exposure to  the  a n t ig e n .  G enera lly  

re sp o n se s  occu rred  w ith in  ^0 m inutes of  exposure to  h igh  

c o n c e n tra t io n s  and w ith in  4 hours of exposure to  low concen­

t r a t i o n s .  Two anim als d ied , one a f t e r  exposure fo r  one hour 

to  h igh  c o n c e n tra t io n  and one a f t e r  51 hours exposure to  low 

c o n c e n t r a t io n .  A severe  response  occu rred  in  a f u r th e r  case 

exposed to low c o n c e n tra t io n  fo r  9 days. The 5 rem ain ing  

anim als showed moderate to m ild  r e a c t i o n s .  The s e v e r i ty  o f  

the  r e a c t io n s  produced was a p p a re n t ly  u n p re d ic ta b le  and th e re
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w as no c o r r e l a t i o n  b e tw e e n  t h e  d e g r e e  o f  s e v e r i t y  and  

p r e c i p i t i n  o r  r e a g i n  l e v e l s .

I n c r e a s e d  r e s p i r a t o r y  r a t e ,  f l u i d  s o u n d s  on a u s c u l t a t i o n  

o f  t h e  t h o r a x ,  c o u g h in g  and d y s p n o e a  w i t h  e x p i r a t o r y  g r u n t i n g  

w ere  t h e  c l i n i c a l  f e a t u r e s  show n. P o s t  m ortem  e x a m in a t io n  

r e v e a l e d  i n t e r s t i t i a l  p u lm o n a ry  oedem a, em physem a, c o n s o l i d a t i o n  

an d  h a e m o r r h a g e .  H i s t o l o g i c a l l y ,  D ungw orth  c o n s i d e r e d  t h a t  

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

e p i t h e l i u m .  M e d i a s t i n a l  and b r o n c h i a l  lym ph n o d e s  w ere  e n l a r g e d ,  

em p h ysem atou s  and o e d e m a to u s .  H y a l in e  m em branes w ere  d e s c r i b e d  

i n  some a l v e o l i  and d e p o s i t i o n  o f  a c i d o p h i l i c  hom ogenous  

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

i n  t h e  lu m in a  and on t h e  w a l l s  o f  c a p i l l a r i e s  i n  i n t r a - a l v e o l a r  

s e p t a .  The l a t t e r ,  D ungworth  i d e n t i f i e d  a s  a  m a n i f e s t a t i o n  

o f  a  l o c a l  A r th u s  r e a c t i o n ,  i n v o l v i n g  p r e c i p i t i n s .  The 

b r o n c h i a l  c o n s t r i c t i o n  he b e l i e v e d  t o  be  r e l a t e d  t o  r e a g i n i c  

a n t i b o d i e s .  A f t e r  s e v e r a l  d a y s  o f  e x p o s u r e ,  p r o l i f e r a t i o n
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o f  plasma c e l l s  i n  pulmonary connective  t i s s u e  and lymph 

nodes was marked and taken  to  in d ic a te  a secondary  immune 

re sp o n se .

Dungworth found t h a t  a le u c o c y to s is  o cc u rred , c o n s i s t in g  

m ainly  o f  n e u t r o p h i l i a  w ith  reduced  numbers o f  lymphocytes 

and e o s in o p h i l s .  This  e f f e c t  was maximal 6 hours a f t e r  an 

exposure of 15 m inutes d u ra t io n .  Where exposure was con­

t in u o u s ,  r e t u r n  to  normal numbers of  w hite c e l l s  occu rred  

on th e  second day. Dungworth i n t e r p r e t e d  th e se  haem ato log ica l 

changes to  be due to  in c re a se d  a d r e n o c o r t ic o s te r o id  a c t i v i t y  

in  re sp o n se  to  s t r e s s .

Wray and Thomlinson in  I969 s e n s i t i s e d  ca lv es  to  egg • 

albumin in  o rd e r  to  determ ine the  c o n d i t io n s  under which ana­

p h y la x is  might give r i s e  to  g a s t r o - i n t e s t i n a l  l e s io n s .  They 

were i n v e s t i g a t i n g  th e  e x te n t  to  which an ap h y lax is  was in v o lved  

in  th e  p a th o g en es is  o f  c o l i b a c i l l o s i s  in  c a lv e s .  Wray and 

Thomlinson Used ca lv es  of v a r io u s  b reed s ,  a l l  o f  which were
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under 2 weeks o ld  when the  experim ents were begun. They 

produced a c t iv e ,  p a ss iv e  and p r o t r a c te d  a n a p h y la c t ic  shock 

by ad o p t in g  the  fo l lo w in g  p ro c e e d u re s :-

1 ) A ctive  s e n s i t i s a t i o n  was c a r r i e d  ou t in  some anim als 

by i n j e c t i n g  in tra v e n o u s ly  1 gm. o f  hen egg albumin as  a 1 0 / 

s o lu t io n  in  s a l i n e .  This was e q u iv a le n t  to  a  dose of 22.2 

to  40 mg/lCg. In  o th e rs  the in trav en o u s  i n j e c t i o n  vms accomp­

a n ied  by an equal dose o f  egg albumin g iven  subcu taneously  

and a t h i r d  group re c e iv e d  5 in trav e n o u s  i n j e c t i o n s  a t  48 

hour i n t e r v a l s .  Challenge was c a r r ie d  out by in trav e n o u s  

i n j e c t i o n  o f  1 gm. egg albumin a f t e r  i n t e r v a l s  ran g in g  from 

6 to  20 days. Ho r e a c t io n  was reco rd ed  in  th e  s in g le  animal 

.cha llenged  a f t e r  6 days bu t a p o s i t iv e  r e a c t i o n  was o b ta in ed  

where th e  i n t e r v a l  was o f  9 days or more. Where s e n s i t i s a t i o n  

had invo lved  5 in tra v e n o u s  i n j e c t i o n s  serum an tibody  t i t r e s  

to  egg albumin were g e n e ra l ly  h ig h er  bo th  b e fo re  and a f t e r  

c h a l le n g e .  Such t i t r e s  were determ ined by the  tanned  re d  

b lood  c e l l  h aem o g lu tin a tio n  techn ique d e s c r ib e d  by Boyden ( 1951)
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2 ) P ass iv e  s e n s i t i s a t i o n  was c a r r i e d  ou t "by i n t r a ­

venous i n j e c t i o n  of whole a n t i s e r a ,  o r  p u r i f i e d  gamma 

g lo b u l in .  Such anim als were ch a llenged  in  the  same way as 

th o se  a c t i v e l y  s e n s i t i s e d ,  a f t e r  f i x a t i o n  p e r io d s  of 48 or 

60 h o u rs .  A n t is e ra  were p rep a red  in  c a lv e s  by i n j e c t i n g

5 doses o f  0 .2  gm. in t r a v e n o u s ly  a t  48 hour i n t e r v a l s  and 

r e p e a t in g  t h i s  course o f  i n j e c t i o n s  4 tim es a t  i n t e r v a l s  

o f  10 days.

3 ) P r o t r a c te d  an ap h y lax is  was produced by g iv in g  a 

f u r t h e r  i n j e c t i o n  o f  an tise rum  in tr a v e n o u s ly  to  p a s s iv e ly  

s e n s i t i s e d  c a lv e s  im m ediately  b efo re  they  were ch a lle n g ed .

I t  was suggested  by Stone ( 1959) and by Thomlinson and Buxton 

(1962) t h a t  p r o t r a c te d  an ap h y lax is  i n  gu inea  p ig s  r e q u i r e d  

the  p resence  of c i r c u l a t i n g  an tibody  a t  th e  time of c h a l le n g e .

Wray and Thomlinson encoun tered  no f a t a l  r e a c t io n s  in  

t h e i r  ca lv es  and found t h a t  m u l t ip le  s e n s i t i s i n g  doses were 

n e c e s s a ry  to  ensure  t h a t  severe  r e a c t io n s  could  be produced
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o n  c h a l l e n g e *  The symptom s o f  a c u t e  a n a p h y l a c t i c  s h o c k  

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

a n im a ls *  H y p e r p n o e a ,  s a l i v a t i o n ,  m u s c u la r  t r e m o r s  and  

s i g n s  o f  a b d o m in a l  d i s c o m f o r t  w ere  d e s c r i b e d *  S e v e r e l y  

a f f e c t e d  a n im a l s  sh ow ed  i n c o o r d i n a t i o n ,  n y s t a g m u s ,  o p i s ­

t h o t o n u s ,  d y s p n o e a ,  c y a n o s i s  and  l a c r i m a t i o n .  Symptoms 

u s u a l l y  a p p e a r e d  2 t o  3 m in u t e s  a f t e r  i n j e c t i o n  and p e r ­

s i s t e d  f o r  one  h o u r .  A n im a ls  p a s s i v e l y  s e n s i t i s e d  show ed  

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

a n t i s e r u m .  P o s t  mortem e x a m in a t io n  o f  a n i m a l s  a f t e r  a c u t e  

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

emphysema and o f  c o l l a p s e  and  a l s o  oedem a o f  t h e  i n t e r ­

l o b u l a r  and s u b p l e u r a l  c o n n e c t i v e  t i s s u e .  Oedema and c o n ­

g e s t i o n  o f  t h e  m u cosa  o f  t h e  abomasum and h y p e r a e m ia  o f  t h e  

s m a l l  i n t e s t i n e  a s  w e l l  a s  oedem a o f  t h e  r e n a l  p e l v i s  y/as 

d e s c r i b e d .
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A n t i s e r a  g i v e n  im m e d i a t e l y  b e f o r e  c h a l l e n g e  i n  some 

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

5 t o  6 m i n u t e s  w i t h  h y p e r p n o e a  p e r s i s t i n g  f o r  2 t o  5 h o u r s .  

D u r in g  t h i s  t im e  t h e  a n im a l s  w ere  r e l u c t a n t  t o  m ove, sh o w in g  

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

P o s t  m ortem  e x a m i n a t i o n  a f t e r  p r o t r a c t e d  a n a p h y l a x i s  r e v e a l e d  

m a in ly  m i l d  p u lm o n a ry  l e s i o n s  l i m i t e d  t o  a  f e w  p e t e c h i a e  b u t  

s e v e r e  g a s t r o - i n t e s t i n a l  l e s i o n s .  T h e se  c o n s i s t e d  o f  h y p e r ­

a e m ia  o f  th e  m ucous membrane and  oedem a o f  t h e  su b m u cosa  o f  

th e  abomasum and s m a l l  i n t e s t i n e  w i t h  h y p e r a e m ia  and haem­

o r r h a g e  i n  t h e  P a y e r ' s  p a t c h e s .  The m e s e n t e r i c  lym ph n o d e s  

w e re  e n l a r g e d  and o e d e m a t o u s .  L e u c o p e n ia  w as d e v e l o p e d  by  

a l l  a n i m a l s  s h o w in g  a n a p h y l a x i s  w h e th e r  a c u t e  o r  p r o t r a c t e d .

S e v e r i t y  o f  a n a p h y l a x i s  was n o t  f o u n d  by t h e s e  w o r k e r s  

t o  be d e p e n d e n t  on  t i t r e  o f  p r e c i p i t a t i n g  a n t i b o d i e s .  The 

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

t h a t  c o n s t r i c t i o n  o f  t h e  b r o n c h i o l e s  was r e s p o n s i b l e  f o r  th e
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r e s p i r a t o r y  symptoms. Wray and Thomlinson concluded t h a t  

an a p h y lax is  might be in vo lved  in  c o l i b a c i l l o s i s  o f  ca lv es  

as  th e  l e s io n s  th ey  produced resem bled th o se  d e sc r ib e d  by 

Osborne (1967a; 1967b) a f t e r  o r a l  and in tra v e n o u s  admin­

i s t r a t i o n  of  E. c o l i  c u l tu r e s  and c e l l - f r e e  c u l tu r e  su p e r­

n a ta n ts*  V/here an tise ru m  was i n j e c t e d  b e fo re  c h a lle n g e  to 

produce p r o t r a c te d  r e a c t io n s  they  c o n s id e red  th e  p o s s ib le  

involvem ent a l s o  of a n t ig e n -a n t ib o d y  complexes in  the 

c i r c u l a t i o n  c a u s in g  an A rth u s-ty p e  r e a c t io n .

The degree of  immunological competence o f  the ca lves  

used  by Wray and Thomlinson was in  some doubt. Two o f  t h e i r  

an im als were on ly  one day o ld  and a l l  were under  2 weeks of 

age. On th e  b a s i s  o f  th e  i n d i r e c t  h ae rn ag lu tin a tio n  t e s t  

they  found c o n s id e rab le  in d iv id u a l  v a r i a t i o n  in  immune re sp o n se .  

Kerr and R obertson  ( 1954) ,  P ie rc e  ( 1955) Q/nd K err ( 1956) 

u s in g  tr ichom onas, b r u c e l l a  and sa lm o n ella  a n t ig e n s  were 

unab le  to  d e te c t  an immune response  in  calvegj l e s s  than
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50 days o ld ,  R o b e rts ,  Worden and Evans ( 1954) d id  d e te c t  

a n t ib o d ie s  to  Salm onella  d u b lin  in  ca lv es  6 to  7 days o ld  

a f t e r  r e p e a te d  doses of v acc in e . Smith and Ingram (1965) 

in v e s t i g a t e d  a n tib o d y  p ro d u c tio n  in  young an im a ls . They 

t e s t e d  the  a b i l i t y  o f  ca lv es  whose ages ranged  from one 

day to  2 months to  produce a n t ib o d ie s  a g a in s t  a n t ig e n s  of 

d i f f e r e n t  chemical and p h y s ic a l  p r o p e r t i e s .  To b a c t e r i a l  

and p o ly sa c c h a r id e  a n t ig e n s  d e te c ta b le  a n t ib o d ie s  were n o t 

produced in  an im als under one month of age . When a so lu b le  

p r o te in  a n t ig e n ,  namely human serum album in, was i n j e c t e d  

in  one day o ld  c a lv e s ,  a n t ib o d ie s  were dem onstra ted  a f t e r  

7 to  8 days. This  re sp o n se , however, was dependent on 

human serum albumin b e in g  in c o rp o ra te d  i n  F re u n d 's  incom plete  

a d ju v a n t .  W ithout ad ju v an t i t  f a i l e d  to s t im u la te  an tibody  

p ro d u c t io n  even in  ca lv es  which were 6 months o ld .  Smith 

and Ingram concluded t h a t  the  n a tu re  of  the  a n t ig e n  used  

a f f e c t e d  the  immune response  of young c a lv e s .
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J a in ,  Lasmanis and Sohalm in  I967 s e n s i t i s e d  an a d u l t  

cow to  e g g  albumin by g iv in g  6 in t ra m u sc u la r  i n j e c t i o n s  of 

an homogenate of 25O mg, ovalbumin d is s o lv e d  in  2 ,5  ml. of 

s a l i n e ,  2 .5  ml, F re u n d 's  ad ju v an t,  100,000  u n i t s  o f  p e n i c i l l i n  

G and 125 mg, o f  s trep to m y cin  s u lp h a te .  The i n j e c t i o n s  were 

g iven  over a p e r io d  o f  55 days a t  weekly i n t e r v a l s .  The 

re a so n  f o r  in c lu s io n  of a n t i b i o t i c s  v/as n o t e x p la in e d  bu t 

may have been sim ply a p ro p h y la c t ic  measure a g a in s t  i n f e c t io n .  

P r e c i p i t a t i n g  a n t ib o d ie s  to ovalbumin were d e te c te d ,  a f t e r  

5 such i n j e c t i o n s  had been g iven , by the  p r e c i p i t a t i o n  r in g  

t e s t  and agar  g e l - d i f f u s io n  method o f  O uchterlony  (1964)*

One week a f t e r  the  s i x t h  s e n s i t i s i n g  i n j e c t i o n ,  s e n s i t i v i t y  

was t e s t e d  by in tra v e n o u s  i n j e c t i o n  of  20 mg. ovalbumin.

W ith in  50 seconds symptoms developed. C o llapse  w ith  the 

neck ex tended , r e s p i r a t o r y  d i f f i c u l t y  and s h iv e r in g  were 

re c o rd e d .  Recovery began w ith in  5 m inutes and was complete 

i n  50 m inu tes . The prim ary aim of J a in  and Lasmanis was to
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i n v e s t i g a t e  the  e f f e c t  o f  leu co p en ia  on ex p erim en ta l 

and n a t u r a l  m a s t i t i s .  They used  an ap h y lax is  a s  a means 

of  p roducing  le u c o p e n ia .  By exposing  th e  anim al to  the  

a n t ig e n ,  by in tra v e n o u s  d r ip ,  over 6 hours and su b seq u en tly  

over 10 h o u rs ,  they  caused the  le u co p en ia ,  which appeared  

w ith in  10 m inutes of  the  s t a r t  of a d m in is t r a t io n ,  to  be 

p ro longed  f o r  48 ho u rs . C l in ic a l  s ig n s  a l s o  became apparen t 

w i th in  m inutes o f  s t a r t i n g  the d r ip .  ’ These were r e s t l e s s n e s s ,  

sn e ez in g , s a l i v a t i o n ,  d e fa e c a t io n ,  l a c r im a t io n ,  n a s a l  d is c h a rg e ,  

head shak ing , coughing, tachypnoea, ta c h y c a rd ia  and co n g es tio n  

o f  mucous membranes. Symptoms l a s t e d  f o r  4 hours be ing  

reduced  in  s e v e r i t y  a f t e r  one hour a l th o u g h  a d m in is t r a t io n  

o f  ovalbumin was con tinued  f o r  6 hours . P r e c i p i t a t i n g  a n t i ­

body was u n d e te c ta b le  2 hours a f t e r  the d r ip  s t a r t e d  and f o r  

a t  l e a s t  2 days su b seq u en tly . In  samples taken  on the  

f i f t e e n t h  day p r e c i p i t a t i n g  an tibody  was d e te c te d .  Re-exposure 

to  the  d r ip  62 days a f t e r  the f i r s t  exposure r e s u l t e d  in  more
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marked c l i n i c a l  s ig n s  in c lu d in g  mucus and b lood in  the 

f a e c e s ,  cy an o s is  and sw ea ting . These symptoms l a s t e d  f o r  

about 24 h o u rs .  Exposure on the  second o cc as io n  was f o r  

10 h o u rs .  P o s t  mortem exam ination  of th e  anim al was n o t 

d e s c r ib e d .  Leucopenia r e s u l t e d  in  pro longed  m u l t ip l i c a t i o n  

and de layed  inflam m atory  response  to  c e r t a i n  m a s t i t i s  

p roducing  organism s. The development of  le u c o p e n ia  has 

been e x p la in e d  in  o th e r  sp e c ie s  as  be ing  due to  clumping, 

t r a p p in g  and d e s t r u c t io n  o f  le u c o c y te s  in  the  c a p i l l a r y  beds, 

e s p e c i a l l y  in  the  lungs (Webb, I9 2 4 ) .
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1 0 ) AMAPHYLAXIS IN THE HOHSE 

INDUCTION AND DESCRIPTION

G erlaoh (I922) ex tended  h i s  i n v e s t ig a t i o n s  of  r e a c t io n s

to  fo re ig n  s e ra  in  c a t t l e  to  o th e r  sp e c ie s  in c lu d in g  h o rs e s .  

F o rty - tw o  h o rse s  were g iven  bovine serum subcu taneous ly . 

F o u rteen  r e a c te d  to  t h e i r  f i r s t  i n j e c t i o n .  Symptoms appeared  

a f t e r  a few hours and l a s t e d  f o r  s e v e ra l  ho u rs . These were 

s im i l a r ,  bu t l e s s  severe  than  the  r e a c t io n s  produced by equine 

s e r a  in  c a t t l e  and were c h a ra c te r i s e d  by u r t i c a r i a ,  i t c h in g  

and oedema o f  mucous membranes. Human and r a b b i t ,  bu t n o t  

p ig  s e ra ,  produced s im i la r  r e a c t io n s .  The s e v e r i t y  of the  

r e a c t i o n  was independen t o f  the  dose. G erlach  t r i e d  to  

e s t a b l i s h  the maximum sa fe  i n t e r v a l  between doses o f  serum 

and found t h i s  to  be h ig h ly  s p e c i f i c  f o r  th e  p a r t i c u l a r  serum 

in v o lv e d  and to  be s h o r te r  than  t h a t  in  c a t t l e .
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Code and H es te r  ( 1959) in c lu d ed  2 h o rse s  in  t h e i r  

i n v e s t i g a t i o n  o f  b lood h is tam ine  changes in  an a p h y lax is .

One horse  was s e n s i t i s e d  to dog serum and the  o th e r  to  egg 

w h ite .  The i n i t i a l  in tra v e n o u s  a d m in is t r a t io n  o f  100 m l . . 

dog serum produced no e f f e c t s  bu t the  horse  which re c e iv e d  

500 ml* . egg w hite  showed a m ild  r e a c t io n  l a s t i n g  about 50 

m inutes and a s l i g h t  f a l l  in  b lood h is ta m in e .  D aily  i n t r a ­

venous a d m in is t r a t io n  o f  45 ml* » dog serum was c a r r i e d  out 

f o r  12 days and a ch a llen g e  i n j e c t i o n  of  100 ml. . dog serum 

given  in t r a v e n o u s ly ,  a f t e r  an i n t e r v a l  o f  5 weeks, to  the 

f i r s t  h o rse .  Symptoms, which c o n s is te d  m ainly  o f  dyspnoea, 

in c re a s e d  p e r i s t a l s i s  and sw eating , l a s t e d  f o r  about one 

hour. C hallenge r e p e a te d  w ith  5OO m l , . dog serum 5 weeks 

l a t e r  produced a more severe  r e a c t i o n .  The second horse  

r e c e iv e d  a l t e r n a t i n g  d a i ly  subcutaneous and in tra v e n o u s  

i n j e c t i o n s  o f  40 to  50 ml*, egg w hite  f o r  12 days and v/as 

l ik e w ise  ch a lle n g ed  5 weeks l a t e r  by in tra v e n o u s  i n j e c t i o n
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o f  egg w h ite .  This r e s u l t e d  in  dea th  w i th in  8 m inu tes , 

a t t r i b u t e d  to  r e s p i r a t o r y  d y s fu n c tio n .

Blood h is tam in e  was found to  f a l l  d u r in g  th e  r e a c t io n  

to  below d e te c ta b le  l e v e l s  (O.Ol u g /m l) .  Vfhite b lood c e l l s  

were reduced  in  numbers as  judged by th e  volume o f  the w hite  

c e l l  l a y e r  in  c e n t r i fu g e d  b lood .

SUMfvIARY

In  the  la rg e  dom estic anim als an ap h y lax is  has been 

encoun tered  a c c id e n ta l ly  and produced e x p e r im e n ta l ly  by a 

v a r i e t y  o f  methods. The symptoms have been d e sc r ib e d  as  

a f f e c t i n g  m ainly the  a l im e n ta ry  system in  p ig s  and young 

c a lv e s ,  i n  the  l a t t e r  p a r t i c u l a r l y  where an ap h y lax is  was 

p r o t r a c te d ,  and the r e s p i r a t o r y  system in  sheep , a d u l t  

c a t t l e  and h o rs e s .  The r o le  of  h is tam in e  has been examined 

in  th e se  s p e c ie s ,  bu t no d e f in i t e  evidence o f  i t s  r e l e a s e  

p ro v id ed . In  sheep i n d i r e c t  evidence has suggested  a l e s s e r  

r o l e  f o r  h is tam in e  and 5-hy&ro%ytryptamine in  r e l a t i o n  to  

o th e r  m ed ia to rs  such as SRS and k in ins*
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b ) DISEASES OF HYFERSBMSITIY8 ORIGIN 

INTRODUCTION

G u in ea -p ig s ,  r a b b i t s ,  r a t s ,  mice and dogs have been 

used  to  i n v e s t i g a t e  the  b a s ic  mechanisms in v o lv e d  in  an a ­

p h y la c t i c  r e a c t i o n s .  The value of in fo rm a tio n  o b ta in e d  in  

th e se  s p e c ie s  r e s t e d ,  w ith  the e x c ep tio n  of the  dog, which 

i t s e l f  was o f  c l i n i c a l  i n t e r e s t ,  i n  a p p ly in g  such f in d in g s  

to  d i s e a s e s  of h y p e r s e n s i t iv e  o r ig in  in  dom estic  anim als and 

in  man. Where an ap h y lax is  was induced in  c a t s ,  p ig s ,  sheep, 

c a t t l e  and h o rses  th e  o b je c t  was g e n e ra l ly  to  compare such 

r e a c t io n s  to  s p e c i f i c  d is e a s e s  or to  a c c id e n ta l ly  encoun tered  

adverse  r e a c t io n s  to  m ed ica tio n .
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1 ) CATTLE

i ) ATYPICAL INTERSTITIAL PNEUMONIA 

DESCRIPTION

A ty p ic a l  i n t e r s t i t i a l  pneumonia o f  c a t t l e ,  d e sc r ib e d  

by Jubb and Kennedy (I963) as  a c l i n i c a l  and p a th o lo g ic a l  

syndrome, r a t h e r  than  a s p e c i f i c  d is e a s e ,  has been given a 

v a r i e t y  of  names in c lu d in g  fog  f e v e r ,  pulmonary emphysema, 

pulmonary adenom atosis , lunger  d ise a se  and rape p o iso n in g  

( ju b b  and Kennedy, I9 6 5 ) .  Gibbons (1962) reco rd ed  bovine 

asthm a, p a n t in g  d is e a s e ,  emphysema-adenomatosis complex, 

b r o n c h i o l i t i s  f i b r o s a  o b l i t e r a n s  and the  new pneumonia 

complex as  o th e r  terms used . The syndrome was review ed by 

Gibbons (I962) and Mackenzie (I965 , 19^6 ) .  The main d i f f ­

i c u l t y  in  s tu d y in g  t h i s  d is e a se  has been th e  la ck  of  a 

c l e a r  d e f i n i t i o n  on which to  base d ia g n o s is .  The c h a r a c te r ­

i s t i c  f e a tu r e s  have been d e sc r ib e d  as  severe  dyspnoea of 

sudden o n se t  and u s u a l ly  of  s h o r t  d u ra t io n .  Death or reco v e ry



-  120 -

was u s u a l ly  found to  occur w ith in  one hour to  4 days bu t 

d ea th  has been r e p o r te d  a f t e r  the  d is e a se  had p e r s i s t e d  fo r  

6 months ( Jubb and Kennedy, I9 6 5 ) .  The cond ition , was found 

n o t to  be co n tag ious  or  a s s o c ia te d  w ith  p y re x ia .  Mackenzie 

(1966) d e s c r ib e d  the  c h a r a c t e r i s t i c  appearance of  an im als

in  r e s p i r a t o r y  d i s t r e s s .  C a t t l e  s tood  w ith  the  neck ex tended ,
(

mouth open and tongue p ro t ru d in g .  They showed gasp ing  r e s -(

p i r a t i o n  w ith  e x p i r a to ry  g ru n t in g ,  coughing producing  f ro th y  

f l u i d  and the  development of cy a n o s is .  Where d ea th  or reco v e ry  

had no t o ccu rred , subcutaneous emphysema was seen a f t e r  24 

h o u rs .  On p o s t  mortem exam ination  oedema and emphysema 

in v o lv in g  a l l  lo b es  o f  the lungs was found. A lv eo la r  e p i -  

t h e l i a l i s a t i o n  and p ro te in a c io u s  exudate i n  the  a l v e o l i  were 

the  main f e a t u r e s  on h i s t o l o g i c a l  exam ination .

Many d i f f e r e n t  a e t i o l o g i c a l  ag en ts  have been shown to  

be capable  of p roducing  th e se  symptoms and p a th o lo g ic a l  changes 

(Gibbons, I962) and the  syndrome has a r i s e n  in  d i f f e r e n t  p a r t s
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o f  the  w orld under d i f f e r e n t  c ircu m stan ces .  In  B r i t a in  

th e se  c ircu m sta n ces ,  as l i s t e d  by Mackenzie (I965)  w e re :-

1) t r a n s f e r  to  g ra z in g  on lu s h  p a s tu re s  o r  on the  a f t e r -  

math o f  hay c a l l e d  " fo g g ag e" , hence the term  " fog  fe v e r " ,

2) i n f e c t i o n  or r e i n f e c t i o n  w ith  lungworms, 5) exposure 

o f  housed c a t t l e  to  a tm ospheric  d u s t ,  sp o res  o r  mouldy 

fe e d ,  4) exposure of c a t t l e  to  smog. I t  was b e l ie v e d  to  

occur on ly  in  c a t t l e  over one y ea r  o ld  b u t a s im i la r  syndrome 

was r e p o r te d  in  I966 in  ca lv es  o f  2 to  6 months o ld ,  which 

were be in g  fed  b a r le y  (Kinch and Omar, I966; MacLeod, I9 6 6 ) .  

Mackenzie co n s id e red  t h a t  the  patho logy  o f  fog  fe v e r  as  i t  

o cc u rred  in  B r i t a in  was s im i la r  to  bovine emphysema o c c u rr in g  

in  c a t t l e  i n  North America. The n a tu re  o f  the  pulmonary 

l e s io n s  was r e l a t e d  to  the d u ra t io n  of  the  i l l n e s s .  Where 

t h i s  exceeded 24 hours h y a lin e  membranes were found in  the  

a l v e o l i .  The l e s io n s  were o f te n  com plicated  by those  of 

p a r a s i t i c  b r o n c h i t i s .
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Pulmonary adenom atosis was f i r s t  r e p o r te d  in  Texas 

in  1955 (Monlux, F i t t e ,  Kendrick and D ubuisson). The con­

d i t i o n  was i n v e s t ig a te d  by Seaton in  I958. I t  was c a l l e d  

adenom atosis because o f  the  tum o u r- lik e  p r o l i f e r a t i o n  of 

c e l l s  l i n i n g  th e  a l v e o l i .  These c e l l s  were phagocytes and 

s e p ta l  c e l l s .  H ypertrophy and h y p e rp la s ia  o f  the  r e s p i r a t o r y  

e p i th e l iu m  were o u ts ta n d in g  f e a t u r e s ,  a l th o u g h  pulmonary 

oedema and emphysema were a l s o  p r e s e n t .  Another f e a tu r e  of 

adenom atosis was a g en e ra l  hyperaemia of a l l  organs o f  the 

body. I t  was n o t a l to g e th e r  c le a r  whether pulmonary adeno­

m a to s is  was a s e p a ra te  d is e a se  from pulmonary emphysema 

(Gibbons, I9 6 2 ).

AETIOLOGY

In  c o n s id e r in g  the  a e t io lo g y  of t h i s  syndrome th e re  a re  

two major sch o o ls  o f  th o u g h t.  The f i r s t  i s  t h a t  i t  may be 

th e  r e s u l t  o f  d i r e c t  in ju r y  to  the  lungs caused by in h a la t io n  

o r  i n g e s t io n  of some i r r i t a n t  or to x ic  su b s ta n ce .  The second
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i s  t h a t  i t  i s  due to  a h y p e r s e n s i t i v i t y  r e a c t i o n  provoked 

by in lia le d  or in g e s te d  a l l e r g e n s .

DIRECT

NITROGEN DIOXIDE, Seaton  ( 1956) rep roduced  the  c l i n i c a l  

s ig n s  and pulmonary l e s io n s  o f  adenom atosis in  one cow by 

s u b je c t in g  h e r ,  on two o cc a s io n s ,  to  n i t r o g e n  d io x id e  i n ­

h a l a t i o n .  I n i t i a l  exposure to  the  gas f o r  30 m inutes had no 

e f f e c t  bu t symptoms appeared  24 hours a f t e r  exposure to  the 

fumes f o r  a second time ^6 hours l a t e r .  She d ied  a f t e r  

showing r e s p i r a t o r y  d i s t r e s s  f o r  94 h o u rs . A ttem pts to  

r e p e a t  t h i s  experim ent in  an o th e r  anim al, which was g iven  

n i t ro g e n  d iox ide  gas by stomach tu b e , f a i l e d .  Lesions 

s im i la r  to  those  of pulmonary adenom atosis i n  c a t t l e  were 

produced i n  mice and g u in e a -p ig s  by exposure f o r  2 m inutes 

to  n i t r o g e n  d io x id e .
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Seaton  experim ented  w ith  n i t r o g e n  d io x id e  a s  a r e s u l t  

o f  o b se rv in g  s i m i l a r i t i e s  between the  l e s io n s  o f  pulmonary 

adenom atosis i n  c a t t l e  and " s i l o - f i l l e r *s d is e a se "  i n  man. 

The l a t t e r  had been proved to  be due to  i n h a l a t i o n  of 

n i t r o g e n  d io x id e  and o th e r  ox ides o f  n i t r o g e n  d e r iv e d  from 

f r e s h  s i l a g e  (Lowry and Schuman, I9 5 6 ) .  H ypertrophy and 

h y p e r p la s ia  o f  a lv e o la r  and b ro n c h io la r  e p i th e l iu m  were the  

o u ts ta n d in g  f e a t u r e s  o f  t h i s  d is e a se  in  man. In  s p i t e  o f  

th e  l im i te d  ex p e rim en ta l  ev idence of  the  e f f e c t s  o f  ox ides 

o f  n i t r o g e n  in  c a t t l e ,  the  c l i n i c a l  r e c o v e r ie s  o b ta in ed  as 

a  r e s u l t  o f  changing the  d i e t  o f  a f f e c t e d  anim als le d  Seaton  

(1958) to  su sp ec t t h a t  the  cause was r e l a t e d  to  the chemical 

c o n s t i t u e n t s  o f  food p la n t s  p o s s ib ly  in c lu d in g  s i l a g e .  

Dougherty, S tew a r t ,  Hold, L indah l, Mullenax and Leek (I962) 

showed t h a t ,  in  c a t t l e  and sheep, e r u c t a te d  g asses  from the 

rumen were p re se n te d  to  the  lungs i n  s i g n i f i c a n t  q u a n t i t i e s ,  

Moulton, C o rn e liu s  and Osburn (I965) examined rumen g asses
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i n  c a t t l e  s u f f e r in g  from ac u te  bovine pulmonary emphysema 

and i n  an im als which had reco v e re d  from th e  d is e a s e ,  bu t 

found no d i f f e re n c e  between the  two groups. There i s  th e re fo r e  

l i t t l e  d i r e c t  ev idence in  support of the th e o ry  t h a t  the 

syndrome r e s u l t s  from in h a la t io n  of g asses  such as  n i t r o g e n  

d io x id e  produced in  th e  rumen when an im als  a re  be ing  fe d  a 

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

AiMQNIA. Of some re le v a n c e  a re  the  f in d in g s ,  in  sheep, 

o f  Annison, Lewis and L indsay ( 1959) t h a t  when sheep were 

t r a n s f e r r e d  from s t a l l s  to p a s tu re  th e re  was a f o u r - f o ld  

in c re a s e  in  rumen ammonia. Garan in  1958 showed t h a t  ammonia 

could  l i b e r a t e  h is tam in e  from g u in e a -p ig  lungs so t h a t  i t  

m ight in  t h i s  way produce pulmonary oedema. Methylamine 

a l s o  has  a h is tam in e  r e l e a s in g  a c t io n  and was found by H i l l  

and Mangan in  1964 to  be p re s e n t  in  the rumen.
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TRYPTOPHAN. D ickinson, Spencer and Gorham in  I967 

induced  in  c a t t l e  a syndrome s im i la r  in  o n s e t ,  co u rse , 

c l i n i c a l  s ig n s  and pulmonary le s io n s  to  fo g  fe v e r  by o r a l  

a d m in is t r a t io n  o f  the  amino a c id  D L-tryptophan. They 

su g g es ted  t h a t  a sudden in c re a s e  in  a n a t u r a l l y  o c c u rr in g  

d i e t a r y  c o n s t i t u e n t ,  p o s s ib ly  t h i s  amino a c id ,  was e i t h e r  

d i r e c t l y  r e s p o n s ib le  f o r  the syndrome o r ,  by convers ion  to  

some o th e r  to x ic  su b s tan ce , was i n d i r e c t l y  r e s p o n s ib le .

They found t h a t  th e re  was no s i g n i f i c a n t  change in  t o t a l  

w hite  c e l l  o r  d i f f e r e n t i a l  counts th roughou t the course of 

the syndrome.

IKDIRBOT(HYPERSENSITIVITY)

The second school o f  thought on the  a e t io lo g y  of bovine 

pulmonary emphysema o r  a ty p ic a l  i n t e r s t i t i a l  pneumonia i s  

t h a t  i t  i s  the  r e s u l t  o f  a h y p e r s e n s i t i v i t y  r e a c t i o n  provoked 

by in h a le d  or in g e s te d  a l l e r g e n s  in c lu d in g  m ig ra to ry  p a r a s i t e s  

(Mackenzie, I9 6 5 ) .  Jen k in s  and Pepys ( I965 )  n o t ic e d  a
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s i m i l a r i t y  between t h i s  d is e a se  i n  c a t t l e  and a r e s p i r a t o r y  

d is e a s e  known as " f a rm e r 's  lung" in  man. The l a t t e r  had been 

shown to  be the  r e s u l t  o f  a h y p e r s e n s i t i v i t y  r e a c t io n  to  

in h a le d  th e rm o p h il ic  ac tin o m y ce tes , p a r t i c u l a r l y  Thermopoly- 

sp o ra  p o ly sp o ra ,  p re s e n t  in  mouldy hay. A ffe c te d  in d iv id u a ls  

were found to  have p r e c i p i t a t i n g  a n t ib o d ie s  o f  the  Ig  G type 

in  t h e i r  s e ra  a g a in s t  th e se  f a rm e r 's  lung  hay (FLH) a n t ig e n s .  

Jen k in s  and Pepys th e re fo r e  t e s t e d  the s e ra  of a f f e c t e d  and 

normal c a t t l e  f o r  the  p resence of p r e c i p i t i n s  a g a in s t  PLH 

a n t ig e n s .  P o s i t iv e  r e a c t io n s  were o b ta in ed  only  in  c a t t l e  

which had been exposed to  mouldy hay, and th e  h ig h e s t  p e r ­

c e n tag e , 71^̂ > o f  r e a c to r s  was in  the  group of 28 an im als 

s u f f e r i n g  from fog  f e v e r .  Of a p p a re n t ly  normal c a t t l e  which 

had been exposed to  mouldy hay 21̂  ̂ o f  a t o t a l  o f  68 anim als 

had p r e c i p i t i n s  to  FLH a n t ig e n s  in  t h e i r  s e r a .  These r e s u l t s  

su g g es ted  t h a t  a t  l e a s t  some of the cases  of  fog  fe v e r  were of 

the  same a e t io lo g y  as  f a rm e r 's  lung  in  man. J u s t  as many o th e r
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in h a le d  o rg an ic  a n t ig e n s  have been shown to  produce a l l e r g i c  

r e s p i r a t o r y  d is e a se  in  man (Pepys, I966) many d i f f e r e n t  i n ­

h a le d  su b s tan ce s  may r e s u l t  i n  pulmonary m a n ife s ta t io n s  o f  

h y p e r s e n s i t i v i t y  in  c a t t l e .

Walton in  I968 reco rd ed  h y p e r s e n s i t i v i t y  r e a c t io n s  to  

in g e s te d  a l l e r g e n s  in  c a t t l e .  Although r e a c t io n s  were u s u a l ly  

m a n ife s te d  as subcutaneous oedema m ainly a f f e c t i n g  the e y e l id s ,  

fa c e  and v u lv a , one animal showed acu te  r e s p i r a t o r y  em barrassm ent.

Dungworth ( I9 6 5 ) ,  as d e sc r ib ed  p re v io u s ly  ( p . l O l ) ,  p ro ­

duced a r e a c t io n  s im i la r  to pulmonary emphysema by exposure 

o f  s e n s i t i s e d  c a t t l e  to ovalbumin by i n h a l a t i o n .  Maki and 

Tucker (I965) in v e s t ig a te d  acu te  bovine pulmonary emphysema 

by d e l i b e r a t e l y  s u b je c t in g  c a t t l e  to  a sudden change from dry 

p a s tu re  to  a lu s h  type of p a s tu re  p re v io u s ly  a s s o c ia te d  w ith  

h igh  in c id en ce  o f  th e  d is e a s e .  They c a r r i e d  ou t haemato- 

l o g i c a l  exam ination  o f  17 cows b efo re  and 6 days a f t e r  they  

had been g ra z in g  such p a s tu re .  They found leu co p en ia  w ith
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a n e u t ro p e n ia ,  a reduced  h a e m a to c r i t , bu t a r i s e  in  the 

number o f  e r y th r o c y te s .  These changes o ccu rred  even when 

c l i n i c a l  pulmonary emphysema was n o t produced. Maki and 

Tucker (I965 )  measured b lood h is tam in e  and 5~bydroxytryptam ine 

l e v e l s  i n  some of t h e i r  an im als bu t found no a p p a re n t  c o r r e ­

l a t i o n  between those  l e v e l s  and pulmonary emphysema. They 

a l s o  f a i l e d  to  reproduce the  syndrome by t r a n s f e r r i n g  rumen 

c o n te n ts  from a f f e c t e d  anim als on lu sh  p a s tu re  to  a f i s t u l a t e d

normal animal k ep t in  dry l o t .

M ichel, i n  1954» d e sc r ib e d  a syndrome s im i la r  to  fog  

fe v e r  o c c u r r in g  a t  c e r t a in  s ta g e s  of i n f e c t i o n  w ith  the  lu n g -  

worm o f  c a t t l e ,  D ic tyocau lus  v iv ip a ru s .  He r e l a t e d  th e se  to  

the  s ta g e s  o f  development of  th e  lungworm, p a r t i c u l a r l y  to  s e l f -  

cure and the  e l im in a t io n  o f  worms from th e  h o s t .  In  i960

J a r r e t t ,  Je n n in g s ,  M cIntyre, M ulligan , Sharp and U rquhart d es ­

c r ib e d  r e i n f e c t i o n  phenomena m an ifes ted  as severe  coughing of 

sudden o n se t  i n  immune an im als . R eac tio n s  to  la rv a e  k i l l e d  in  the
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sm all b ro n c h io le s  were b e l ie v e d  to  be r e s p o n s ib le ,  Michel 

and Mackenzie ( I9 6 5 )  dem onstrated  e o s in o p h i l i a  to  be a 

r e g u la r  f e a tu r e  on r e i n f e c t i o n  or  ch a llen g e  of v a c c in a te d  

an im als w ith  D ic tyocau lus  spp. l a rv a e .  The e o s in o p h i l i c  

re sp o n se s  d id  no t occur i n  anim als which had n o t been 

p re v io u s ly  exposed to  the  p a r a s i t e  and were co n s id e red  to  

in d ic a t e  h y p e r s e n s i t i v i t y  r e a c t io n s .

THE R0L3 OF HISTAMINE IN ATYPICAL INTERSTITIAL PNpJUMQNIA

The r o le  o f  h is tam in e  i n  t h i s  syndrome was d isc u sse d  by 

H ull in  1965* He a d m in is te re d  h is tam ine  h y d ro ch lo r id e  i n t r a ­

venously  a t  a r a t e  of 2.0 mg/min. to  2 H erefo rd  cows and found 

th a t  s a l i v a t i o n ,  dyspnoea and an in c re a s e  in  h e a r t  r a t e  vms 

produced. There was a f a l l  in  the mean pulmonary a r t e r i a l  

b lood p re ssu re  and the anim als became r e s t l e s s  and c y a n o t ic .  

H ull d id  n o t s t a t e  f o r  how long  the  h is tam in e  had to  be i n ­

fu se d  to  produce th e se  e f f e c t s ,  bu t in c r e a s in g  the  r a t e  of 

a d m in is t r a t io n  to 5,0 mg/min. produced a f u r t h e r  in c re a s e  in
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h e a r t  r a t e ,  dyspnoea and s a l i v a t i o n  and d ea th  occu rred  

w i th in  15 m inu tes . P o s t  mortem exam ination  r e v e a le d  t h a t  

the  lungs only  p a r t i a l l y  c o l la p se d  when th e  th o rax  was 

opened and only  a small amount of  i n t e r s t i t i a l  emphysema 

was observed . The lungs  were s t a t e d  to  be " r e l a t i v e l y  

d r y . " E n docard ia l haemorrhage and p e t e c h ia t io n  of the 

t r a c h e a  and ep icard ium  were d esc r ib e d  w ith  b lanched  a re a s  

in  th e  abomasum. H i s to lo g ic a l ly ,  a small amount of  oedema 

and some a lv e o la r  emphysema were d e s c r ib e d .  H u ll s t a t e d  

t h a t  h is tam in e  produced a  d e f i n i t e  b ro n c h ia l  c o n s t r i c t i o n  

in  th e  bovine a l th o u g h  he produced no d i r e c t  evidence in  

su p p o rt  o f  t h i s ,  a p p a re n t ly  making the d ed u c tio n  from h is  

c l i n i c a l  and p a th o lo g ic a l  o b s e rv a t io n s .  The t o t a l  dose which 

th e se  anim als r e c e iv e d  was about 200 mg. o f  h is tam in e  hydro­

c h lo r id e .  Hull d id  no more than  sp e c u la te  t h a t  h is tam ine  

might be in v o lv ed  in  th e  a e t io lo g y  of pulmonary emphysema.
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H ull d id  suggest t h a t  th e re  were d i f f e r e n c e s  between 

the  e f f e c t s  o f  h is tam in e  and those  of a p p a re n t an a p h y lax is .  

In  the  l a t t e r ,  which he co n s id e red  to  be ex e m p lif ie d  by a 

f a t a l  r e a c t io n  to  a n t i b i o t i c s  in  a H o ls te in  h e i f e r ,  the 

lungs  were ex trem ely  oedematous w ith  blood s ta in e d  foam in  

th e  t r a c h e a  and b ro n ch i.

D e s l ie n s ,  i n  1958, found the l e t h a l  dose of  h is tam ine  

g iven  in t r a v e n o u s ly  to  c a t t l e  was O.O6 mg/hg. This v/as 10 

t im es l e s s  than  the  l e t h a l  dose f o r  h o rses  and g u in e a -p ig s  

and 160 tim es l e s s  than  f o r  dogs. He rec o rd e d  symptoms of 

dyspnoea, cy a n o s is ,  u r i n a t i o n ,  d e fa e c a t io n ,  ta c h y c a rd ia  

haem oconcen tra tion  and a f a l l  in  a o r t i c  p r e s s u r e .  D es lien s  

d i f f e r e d  in  h i s  f in d in g s  from those of H ull i n  t h a t  he found 

h is tam in e  to  produce a r i s e  in  pulmonary a r t e r i a l  p re s s u re .  

He d id  no t d e s c r ib e  i n  d e t a i l  the p a th o lo g ic a l  changes p ro ­

duced b u t he in d ic a te d  th a t  pulmonary oedema was a f e a t u r e .



-  155 -

N ilsson  (1963), i n  the  course of an i n v e s t ig a t io n  

in to  l a m i n i t i s ,  ad m in is te re d  up to  30 mg. h is tam in e  sub­

cu tan e o u s ly .  He observed  in c re a se d  r e s p i r a t o r y  r a t e s  and 

r e d u c t io n s  i n  system ic  blood p re ssu re  among o th e r  changes 

which w i l l  be d is c u s se d  in  r e l a t i o n  to  l a m i n i t i s  (p .1 3 4 ) .

In  co n c lu s io n , i t  seemed p o s s ib le  t h a t  h is tam in e  might 

be in v o lv e d  in  th e  p a th o g en es is  o f  a t y p ic a l  i n t e r s t i t i a l  

pneumonia, e i t h e r  be in g  d i r e c t l y  r e le a s e d  by in g e s te d  or 

in h a le d  su b s tan ces  or i n d i r e c t l y  r e le a s e d  a s  a r e s u l t  o f  a 

h y p e r s e n s i t i v i t y  r e a c t io n .  A n tih is tam in es  have been used  

in  t r e a t i n g  a f f e c t e d  anim als (Gibbons, I962) b u t t h e i r  

va lue  i s  d o u b tfu l .  R epo rts  o f  su c c e s s fu l  th e rap y  have 

g e n e ra l ly  in vo lved  only m ild ly  a f f e c t e d  c a t t l e  and spon­

taneous re co v e ry  can occur.

i i )  LAMINITIS

N ilsso n  (1965) p u b lish ed  the  r e s u l t s  of h i s  i n v e s t ­

i g a t io n s  and o b se rv a t io n s  on the  c l i n i c a l ,  m orphological
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and experim en ta l a s p e c ts  o f  l a m in i t i s  i n  c a t t l e .  In  some 

an im als , p a r t i c u l a r l y  those  o f  the  F r i e s i a n  b reed , l a m in i t i s  

on ly  a f f e c t e d  th e  h ind  hooves. Cows appeared  to  be p re ­

d isp o sed  to  l a m i n i t i s  d u r in g  the  month fo l lo w in g  p a r t u r i t i o n  

and the  d is e a se  o f te n  occu rred  in  c o n ju n c tio n  w ith  acetonaem ia, 

r e t a in e d  f o e t a l  membranes, m e t r i t i s ,  g a s t r o e n t e r i t i s ,  m a s t i t i s  

and i n t e r n a l  a b s c e s s e s .  N ilsso n  measured b lood  p re s su re  by 

i n s e r t i n g  a need le  through the  w all o f  the  rectum  in to  the  

a o r t a  and co n nec ting  th e  need le  to  a mercury manometer. He 

found t h a t  the  b lood p re s su re  was u s u a l ly  low in  a f f e c t e d  

an im als , e s p e c i a l l y  in  acu te  and su b -acu te  c a se s .

N ilsso n  produced l a m in i t i s  by subcutaneous in j e c t i o n s  

of  h is ta m in e .  The degree of response  to  h is tam in e  v a r ie d  in  

d i f f e r e n t  an im als . Some showed obvious r e a c t io n s  a f t e r  

r e c e iv in g  10 rag. w hile  o th e r s  were u n a f f e c te d  by as much as 

30 to  50 mg. ,0f  24 t r e a t e d  anim als 10 r e a c te d  w ith  very  

obvious c l i n i c a l  s ig n s  o f  l a m i n i t i s .  Three anim als showed
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no changes and th e  rem ain ing  11 showed l e s s  d i s t i n c t  

s ig n s  o f  l a m i n i t i s .  The c l i n i c a l  s ig n s  c h a r a c t e r i s t i c  

of l a m i n i t i s  and reproduced  by subcutaneous i n j e c t i o n  

of  h is tam in e  were d is t e n s io n  of the  d i g i t a l  a r t e r i e s  and 

v e in s ,  w ith  p u l s a t io n  in  the  a r t e r i e s ,  s t i f f n e s s ,  c ro s s in g  

of th e  fo re  f e e t  and a r e a c t i o n  su g g e s t in g  p a in  on com­

p re s s in g  the  hoof w ith  p in c e r s .  These symptoms appeared  

30 m inutes to  2 hours a f t e r  i n j e c t i o n .  Hyperaemia, oedema, 

c e l l  i n f i l t r a t i o n  and haemorrhages in  the  oorium w ith  i n f i l ­

t r a t i o n  of c e l l s  and m orphological changes in  c e l l s  in  the  

ep iderm is  were observed in  anim als k i l l e d  a f t e r  r e c e iv in g  

h is ta m in e .  . N ilsso n  found fewer mast c e l l s  th an  normal in  

th e  corium of the  fo o t  o f  c a t t l e  s u f f e r in g  from acu te  l a m in i t i s  

Where th e  d is e a se  was subacute or ch ro n ic  they  were more 

numerous. Blood h is tam ine  l e v e l s  in  ac u te  and ex ace rb^a ted  

cases  were found to  be lower and in  subacute  and ch ron ic  cases  

h ig h e r  th an  i n  normal c a t t l e .  A d m in is tra t io n  of h is tam in e
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r e g u la r ly  caused a r e d u c t io n  i n  blood p re s su re  and in c re a s e d  

p u lse  and r e s p i r a t o r y  r a t e s .  A f te r  i n j e c t i o n  o f  the  drug 

a dec rease  i n  b lood  h is tam in e  l e v e l  was found and n o t an 

in c re a s e  as  might have been expected . Most an im als showed 

an in c re a s e  in  t o t a l  w hite b lood c e l l s  a f t e r  i n j e c t i o n  of 

h is tam in e  whereas le u co p en ia  was f r e q u e n t ly  encoun tered  in  

an im als  s u f f e r i n g  from l a m i n i t i s .

N ilsso n  found a n t ih is ta m in e s  to  be an e f f e c t i v e  form 

o f  t r e a tm e n t  in  l a m i n i t i s  p a r t i c u l a r l y  in  i t s  acu te  form. 

C o r t ic o s te r o id  th e ra p y  and phlebotomy were a l s o  e f f e c t i v e .

He co n s id e red  t h a t  h is tam in e  was in v o lv ed  in  the  p a th o g en es is  

o f  the  d is e a se  and t h a t ,  in  some cases  a t  l e a s t ,  i t  was the  

r e s u l t  of an a l l e r g i c  r e a c t io n .

The d is e a s e  o f te n  occu rred  in  a s s o c ia t io n  w ith  changes 

i n  the  d i e t  such as fee d in g  mouldy hay, c o n c e n tra te s  or c lo v e r  

N ilsso n  produced an e x a c e rb a t io n  o f  l a m i n i t i s  in  2 cows by 

fe e d in g  them mouldy hay to  which they  had been exposed
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p re v io u s ly  when f i r s t  showing the  c o n d i t io n .  He in j e c t e d  

p o s s ib le  a l l e r g e n s ,  in c lu d in g  m ilk , e x t r a c t s  from fu n g i ,  

co t to n se e d  o i lc a k e  and re d  c lo v e r ,  in  v a r io u s  d i l u t i o n s  

in t r a c u ta n e o u s ly  and found in c re a s e s  in  s k in  th ic k n e s s  to  

be g r e a t e s t  between 2 and 6 hours a f t e r  i n j e c t i o n .  P o s i t iv e  

r e a c t io n s  could be c o r r e l a t e d  w ith  in c id en ce  o f  l a m in i t i s  

and ac ce ss  to the  p a r t i c u l a r  a l l e r g e n  in v o lv e d . However, 

p o s i t iv e  sk in  r e a c t io n s  sometimes o ccu rred  i n  an im als which 

had no h i s t o r y  of  l a m i n i t i s .  N ilsso n  suggested  t h a t  l a m i n i t i s  

might n o t always be an independent d is e a s e ,  bu t o f te n  a 

symptom of o th e r  s im u ltan eo u s ly  o c c u rr in g  d is e a s e s  and t h a t  

the  a e t io lo g y  d i f f e r e d  in  d i f f e r e n t  ca se s ,  be in g  in  some 

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

Maclean (I965) d e s c r ib e d  6l  cases  o f  l a m i n i t i s  seen 

over 2 y e a rs  and h is  f in d in g s  were s im i la r  to  those  o f  N ils so n .  

The in c id en c e  ?fas h ig h e s t  in  cows d u rin g  th e  month fo llo w in g  

c a lv in g  and l a m i n i t i s  was o f te n  a s s o c ia te d  w ith  m a s t i t i s ,
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m e t r i t i s ,  acetonaem ia or d ig e s t iv e  d is tu rb a n c e s .  He 

measured b lood  h is tam in e  l e v e l s  in  18 an im a ls , 9 of which 

were s u f f e r i n g  from l a m i n i t i s ,  and found t h a t  the  a f f e c t e d  

an im als  had lower h is tam in e  l e v e l s  than  h i s  c o n t r o l s .  An 

e le v a te d  blood h is tam in e  l e v e l  was encoun tered  in  a sample 

tak en  from one animal one hour b e fo re  the  o n se t  o f  symptoms 

o f  l a m i n i t i s .  A second sample taken  about 1^  hours l a t e r  

and a t h i r d  taken  about 5& hours l a t e r  showed t h a t  the  le v e l  

had f a l l e n .  This o b se rv a t io n  was n o t confirm ed in  the  case 

o f  th e  on ly  o th e r  animal sampled b efo re  and d u r in g  an a t t a c k  

o f  l a m i n i t i s .  Blood h is tam in e  l e v e l s  in  t h i s  second animal 

were c o n s i s t e n t ly  low. Maclean found t h a t  a d m in is t r a t io n  

of a n t ih i s ta m in e s  was a l e s s  su c c e s s fu l  form o f  th e rap y  than  

was a d m in is t r a t io n  o f  c o r t i c o s t e r o id s  or  rum inai co n ten ts  

where d ig e s t iv e  d is tu rb a n c e  was a l s o  p r e s e n t ,  o r  phlebotomy.

He found no h aem ato lo g ica l  d e v ia t io n s  from normal o th e r  than  

those  sometimes a s s o c ia te d  w ith  c o n c u rre n t  d i s e a s e s .  M aclean 's
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f in d in g s  r e g a rd in g  b lood h is tam ine  l e v e l s  would have been 

o f g r e a t e r  va lue  had they  a l l  been based on re p e a te d  r a t h e r  

than  s in g le  b lood  sam ples.

i i i ) ANAPHYLACTIC REACTIONS TO ANTIBIOTICS

In  1963 B risbane r e p o r te d  the r e s u l t s  o f  a survey 

c a r r i e d  ou t in  A lb e r ta ,  Canada to  determ ine the  s ig n i f ic a n c e  

of  r e p o r te d  r e a c t io n s  in  c a t t l e  fo l lo w in g  a d m in is t r a t io n  of 

a n t i b i o t i c s .  Over a  p e r io d  o f  3 y e a r s ,  1 , 2 0 0 .an im als were 

r e p o r te d  to  show such r e a c t io n s  of which 20 were f a t a l .  

R eac tio n s  were d e sc r ib e d  as  anaphy lax is  c h a r a c te r i s e d  by 

dyspnoea, s ta g g e r in g ,  c o l la p s e  and s a l i v a t i o n ,  or u r t i c a r i a  

c h a r a c te r i s e d  by oedema of the  e y e l id s ,  vu lva  and rectum . 

U r t i c a r i a  was a m ild e r  type of r e a c t i o n .  S ix ty - e ig h t  anim als 

showed only  lo c a l  r e a c t io n s  in  the  form of d iscom fort a t  the  

s i t e  o f  i n j e c t i o n  a f t e r  o x y te t r a c y c l in e  and chloram phenicol 

a d m in is t r a t io n .  These might simply have been due to  a d i r e c t  

i r r i t a n t  a c t io n  o f  th e  d rugs. P e n i c i l l i n  was r e s p o n s ib le  f o r
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720 cases  o f  anaphy lax is  w i th  approx im ate ly  h a l f  as  many 

r e a c t i n g  to  m ix tu res  of  p e n i c i l l i n  and s t rep to m y c in ,  Oxy- 

t e t r a c y c l i n e  was r e s p o n s ib le  i n  27 cases  and neomycin i n  5* 

P e n i c i l l i n  and m ix tu re s  of  p e n i c i l l i n  and s t rep tom yc in  were 

r e s p o n s i b l e  f o r  the  u r t i c a r i a l  forms of  r e a c t i o n ,  Brisbane 

p o in te d  out t h a t  i n  many cases  th e re  was no h i s t o r y  of  the  

animal hav ing  been p r e v io u s ly  exposed to  the  a n t i b i o t i c s  

e l i c i t i n g  the  r e a c t io n s *  Adrenaline  was s t a t e d  to  be the 

drug  of  choice i n  the t r ea tm en t  o f  acu te  an a p h y lax i s ,  bu t  

a n t ih i s t a m i n e s  were r e p o r t e d  to  be e f f e c t i v e  i n  u r t i c a r i a l  

r e a c t i o n s .  The f requency  of  i n c r im in a t io n  of  in d iv i d u a l  

a n t i b i o t i c s  i n  anaphy lax is  and u r t i c a r i a  was g e n e ra l ly  a 

r e f l e c t i o n  of  the  f requency  of  t h e i r  u se .

Leemann, Be Week and Schneider  ( 19^9 ) r e p o r t e d  t h a t  

c a rb o x y m eth y l-o e l lu lo se  (CMC) could be r e s p o n s i b l e  f o r  ana­

p h y l a c t i c  r e a c t i o n s  to  drugs i n  c a t t l e .  They embarked on 

an i n v e s t i g a t i o n  of  a n a p h y la c t ic  r e a c t i o n s  to  a n t i b i o t i c s
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fo l lo w in g  numerous r e p o r t s  o f  suoh r e a c t i o n s  i n  Switzerland* 

P e n i c i l l i n  was the  a n t i b i o t i c  most f r e q u e n t ly  invo lved  and 

the  in c id en ce  g r e a t l y  in c re a s e d  fo l lo w in g  a campaign of  

v a c c in a t io n  a g a i n s t  foo t-and-m outh  d isease*  On sk in  t e s t i n g  

an im als ,  which had r e a c t e d  to  p e n i c i l l i n  p r e v io u s ly ,  th e se  

workers found t h a t  p o s i t i v e  r e a c t i o n s  were only  o b ta ined  w ith  

commercial p r e p a r a t io n s  of  p e n i c i l l i n  which con ta ined  CMC 

added as  a  s t a b i l i s i n g  subs tance .  P o s i t i v e  u r t i c a r i a l  r e a c t i o n s  

were produced on in t r a d e rm a l  i n j e c t i o n  of  CMC in  a l l e r g i c  

cows, bu t  no t  i n  n o n - a l l e r g i c  cows. Leeman e t . a l .  f a i l e d  

in  a t t e m p ts  to  t r a n s f e r  the  sk in  h y p e r s e n s i t i v i t y  to gu inea -  

p ig s ,  g o a t s ,  or  n o n - a l l e r g i c  c a lv es  u s in g  s e r a  from a l l e r g i c  

c a t t l e *  F a t a l  sy s tem ic  anaphy lax is  was produced in  some 

v a c c in a te d  cows by in t rav e n o u s  i n j e c t i o n  o f  10 mg. of  CMC.

These showed pulmonary oedema and e o s i n o p h i l i a .  No p r e ­

c i p i t a t i n g  a n t ib o d ie s  to  CMC were d e t e c t e d  in  the  s e r a  of 

a l l e r g i c  c a t t l e *  This  was an i l l u s t r a t i o n  of a l l e r g i c
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r e a c t i o n s  deve lop ing  to  a carbohydrate  subs tance  p r e v io u s ly  

b e l i e v e d  to  be unab le  to  a c t  i n  t h i s  way. This  subs tance  i s  

u sed  i n  many drug fo rm u la t io n s  and foods .  The exac t  r o l e  o f  

foo t-and-m outh  d i s e a s e  vaccine  i n  s e n s i t i s a t i o n  to  CMC was 

n o t  e s t a b l i s h e d .

i v )  ANAPHYLACTIC REACTIONS TO YACCIMES

A naphylac t ic  r e a c t i o n s  were r e p o r t e d  hy De Q.uiroz,

S u tm o lle r  and B a r ro e ta  i n  I964 as  o c c u r r in g  i n  c a t t l e  i n  

Venezuela a f t e r  v a c c in a t io n  a g a in s t  foo t-and-m outh  d is e a se  

and r a b i e s .  In  I962 an ou tbreak  of f o o t  and moutn d ise a se  

o ccu rred ,  which was due to  a d i f f e r e n t  subtype of  v i r u s  from 

t h a t  used  r o u t i n e l y  i n  the  i n a c t i v a t e d  foo t-and-m outh  d ise a se  

v a c c in e .  A l i v e - v i r u s  vacc ine  of the  subtype r e s p o n s ib le  

passaged  i n  chicken embryos was t h e r e fo r e  u sed .  On i n i t i a l  

v a c c in a t io n  th e re  were some r e p o r t s  of  anaphy lax is  and on 

r e v a o c in a t io n  the  fo l lo w in g  y ea r  such r e a c t i o n s  became cause 

f o r  a larm. R eac t ions  were a l s o  found a t  t h i s  time to  occur
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a f t e r  r a b i e s  v a c c in a t io n .  The symptoms were s a l i v a t i o n ,  

l a c r im a t io n ,  u r t i c a r i a ,  in c re a s e d  r e s p i r a t o r y  r a t e ,  coughing 

and mucosal oedema. Symptoms u s u a l l y  appeared  w i th in  a few 

m inutes  of  in t r a m u sc u la r  i n j e c t i o n  of the  v ac c in e ,  but 

o c c a s i o n a l ly  were delayed in  onse t  f o r  1^  h o u rs .  In  non- 

f a t a l  r e a c t i o n s  r eco v e ry  was complete i n  one to  5 hours .

P o s t  mortem examination  r e v e a le d  pulmonary oedema, poor 

c o a g u la t io n  of  the  blood,  conges t ion  of  a l l  o rgans ,  mucosae 

and muscles and haemorrhagic i n f a r c t s  i n  the  spleen*

The l i v e  v i r u s  foo t-and-m outh  d is e a se  vaccine  was 

p rep a red  from the  h e a r t s  of  14 day chick  embryos or  from the  

c a rc a s e s  o f  8-d ay -o ld  mice. S treptomycin  and p e n i c i l l i n  

were added to  the  f i n a l  d i l u t i o n .  The P lu ry  vaccine  used  

a g a i n s t  r a b i e s  con ta ined  t o t a l  chicken embryo ju i c e  and 

s t rep tom yc in  and p e n i c i l l i n .  The i n a c t i v a t e d  type of  f o o t -  

and-mouth d is e a se  vaccine  a l s o  con ta ined  s t rep tom ycin  and 

p e n i c i l l i n .  I t  v/as p repared  from c a t t l e  tongue e p i th e l iu m .
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The v i r u s  was adsorbed on aluminium hydroxide and i n ­

a c t i v a t e d  by h e a t  and formol .

Be Quiroz e t . a l .  c a r r i e d  out experim ents  on c a t t l e  i n  

o rd e r  to  determine which vaccine  components o r  o th e r  f a c t o r s  

were r e s p o n s ib le  f o r  the a n a p h y la c t i c  r e a c t i o n s .  No anaphy­

l a c t i c  r e a c t i o n s  were observed when the l i v e  v i r u s  vacc ine ,  

p rep a red  w i thou t  a n t i b i o t i c s ,  was g iven in t r a m u s c u l a r l y  whereas 

25^ of  the  c a t t l e  in n o c u la t e d  w ith  t h i s  vaccine  c o n ta in in g  

a n t i b i o t i c s  showed marked r eac t io n s*  In t ra d e rm a l  i n n o c u la t io n  

o f  the  i n a c t i v a t e d  v ac c in e  which con ta ined  a n t i b i o t i c s ,  a l though  

i n  sm a l le r  q u a n t i t i e s  than  in  the l i v e - v i r u s  v ac c in e ,  d id  not  

cause r e a c t i o n s  u n le s s  g iven s im u l tan eo u s ly  w i th  l i v e - v i r u s  

vacc ine  c o n ta in in g  a n t i b i o t i c s .  In  the case of  the F lu ry  r a b i e s  

v ac c in e ,  however, r e a c t i o n s  were o b ta in ed  to  whole chicken 

embryo ju i c e  a lone .  In  t h i s  case a n t i b i o t i c s  could no t  be 

h e ld  r e s p o n s i b l e .  Animals, which had been found to  be s e n s i t i v e  

to  t h i s  embryo j u i c e ,  d id  not r e a c t  to  the  embryo h e a r t  t i s s u e
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o f  l i v e  v i r u s  foo t-and-m outh  d is e a se  v ac c in e .  This  was 

thought  to  be due to  a d i f f e r e n c e  between the  p r o t e i n s  i n  

the  h e a r t  t i s s u e  and in  the whole embryo j u i c e .  Although 

i n a c t i v a t e d  foo t-and-m outh  vaccine  d id  n o t  produce r e a c t i o n s ,  

the  in c id en c e  of  r e a c t i o n s  to  the l i v e - v i r u s  vacc ine  con­

t a i n i n g  a n t i b i o t i c s  was g r e a t e r  where animals  had a l s o  been 

r e c e i v i n g  i n a c t i v a t e d  vacc ine .  De Quiroz e t . a l .  p o in te d  out 

the  danger of s e n s i t i s i n g  c a t t l e  p o p u la t io n s  on a l a rg e  sc a le  

to  ag e n ts  in c o rp o ra te d  in  v ac c in e s .  They co ns ide red  a d d i t i o n  

o f  a n t i b i o t i c s  to  vacc in e s  to  be c o n t r a in d i c a t e d .  Ross i  (1965) 

had a l r e a d y  shown t h a t  f e a c t i o n s  of c a t t l e  in  A rgen t ina  to  

subcutaneous in n o c u la t io n s  of  i n a c t i v a t e d  foo t-and-m outh  

d i s e a s e  vacc ine  were due to the presence i n  the  vaccine  of 

d ihyd ro s t rep to m y c in .  In  h i s  r e p o r t  cows which had been 

v a c c in a te d  on 4 o r  5 occas ions  were mainly in vo lved .  Ana­

p h y l a c t i c  r e a c t i o n s  to  c e r t a i n  types  of  foo t-and-m outh  d ise a se  

v acc ine  occu rred  r e c e n t l y  in  Europe (Beadle ,  19^9 » pe rso n a l
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communication), where s e n s i t i v i t y  to a n t i b i o t i c s  d id  no t  

seem to  be r e s p o n s i b l e .  R e s u l t s  of PGA r e a c t i o n s  sugges ted  

r e a g i n i c  a n t ib o d ie s  to  be invo lved .

V) REACTIONS ASSOCIATED WITH INFESTATION BY LARVAE OF 

HYPODERklA SPP. (WARBLE FLY)

Hadwen and Bruce in  I917 r e p o r t e d  the  occurrence  of

adverse  r e a c t i o n s  i n  c a t t l e  fo l lo w in g  the  d e s t r u c t i o n  of

l a rv a e  of Hypoderma bov is  and Hypoderma l in e a tu m  w i th in  

the  t i s s u e s  o f  the  h o s t .  They d e s c r ib e d  the r e a c t i o n s  as

an ap h y lax is  on the b a s i s  of  t h e i r  c l i n i c a l  and p o s t  mortem 

o b s e rv a t io n s .  S a l i v a t i o n ,  t e a r s ,  d e f a e c a t io n ,  oedema and 

i r r i t a t i o n  of  the  s k in  were described* Death in  f a t a l  cases  

was a s c r i b e d  to  asphyxia  and blood a f t e r  dea th  f a i l e d  to  

c l o t .  Hadwen and Bruce p o s tu l a t e d  t h a t  animals  were se n s ­

i t i s e d  by the e x c re t i o n s  of  warble l a rv a e  and t h a t  r u p tu re  

o f  the  l a rv a e  under the  sk in  of  the  an im a ls '  back produced 

r e a c t i o n s .  Suoh r e a c t i o n s  were a l s o  produced by in t rav en o u s
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i n j e c t i o n  of  the  p r o t e i n  m a t e r i a l  co n ta in ed  in  the l a r v a e .  

T h e r e a f t e r  animals d id  no t  r e a c t  to  f u r t h e r  i n j e c t i o n s  f o r  

a p e r io d  o f  a t  l e a s t  50 days. Warble e x t r a c t s  ad m in is te red  

to  r a b b i t s  and g u in e a -p ig s  had no d i r e c t  t o x i c  e f f e c t s  but 

anap h y lax is  occu rred  fo l lo w in g  a second i n j e c t i o n .  I n s t ­

i l l a t i o n  of warble e x t r a c t  in to  the  eye produced l a c r im a t io n ,  

s w e l l in g  of the  c o n ju n c t iv a  and i r r i t a t i o n  in  s e n s i t i s e d  

c a t t l e  and r a b b i t s .  S im i la r  i n s t i l l a t i o n  produced no e f f e c t s  

i n  u n s e n s i t i s e d  r a b b i t s ,  h o r s e s ,  p ig s  and lambs. Hadwen and 

Bruce u n f o r t u n a t e l y  d id  no t  r e co rd  a d m in i s t r a t i o n  of  warble 

e x t r a c t  to  c a t t l e  never  p re v io u s ly  exposed to  i t .  MacDougall

(1950) r e p e a te d  the  work of  Hadwen and Bruce. He a l s o  b e l ie v e d
■

the  r e a c t i o n s  to  be m a n i f e s t a t io n s  of  an ap h y lax i s .

The i n t r o d u c t i o n  of  organophosphorus i n s e c t i c i d e s  f o r  

sys tem ic  use i n  the  c o n t ro l  o f  warble f l y  confused the  p i c t u r e  

as d i r e c t  t o x ic  e f f e c t s  of the i n s e c t i c i d e s  could  be r e s p o n s ib le  

f o r  symptoms observed.  Inflammatory resp o n se s  around dead
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l a r v a e ,  l e a d in g  to oesophageal o cc lu s io n  and r e s p i r a t o r y  

f a i l u r e  or p a r a l y s i s  of  the  h in d q u a r t e r s  due to  p re s su re  

on the  s p in a l  cord (Gebauer, 19^5) could  a l s o  produce dram atic  

e f f e c t s .  Beesley (I965)  showed t h a t  e x t r a c t s  from the mid­

gu t  o f  the  f i r s t - i n s t a r  l a rv a e  had d i r e c t  t o x i c  e f f e c t s  

s i m i l a r  to  anaphy lax is  and he produced an a p h y la c to id  shock 

i n  u n s e n s i t i s e d  r a b b i t s  and c a lv e s .  This r e a c t i o n  was s i m i l a r  

to  t h a t  produced in  r a b b i t s  and ca lv es  s e n s i t i s e d ,  e i t h e r  by 

a  p rev ious  i n j e c t i o n  o f  l a r v a l  e x t r a c t ,  o r  by im p lan t in g  

l a rv a e  and k i l l i n g  them by dermal a p p l i c a t i o n  of  an organo­

phosphorus i n s e c t i c i d e .  True anaphy lax is  was e l i c i t e d  by 

s u c c e s s iv e  i n j e c t i o n s  of haemolymph from f i r s t - , ,  second-or  

t h i r d  i n s t a r  l a r v a e .  Beesley found t h a t ,  a f t e r  t r e a tm e n t  of  

r a b b i t s  and c a lv e s ,  i n  which l a rv a e  had been im plan ted ,  w ith  

system ic  i n s e c t i c i d e s ,  the  f i r s t  dead la rv a e  were encountered  

a t  p o s t  mortem examination only  a f t e r  s e v e r a l  days. He 

th e r e f o r e  sugges ted  t h a t  r e a c t i o n s  o c c u r r in g  w i th in  48 hours
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of  t r e a tm e n t  v/ere l i k e l y  to  be r e l a t e d  to  the  i n s e c t i c i d e  

r a t h e r  than to  r e l e a s e  of  m a te r i a l  from the l a r v a e .  R eac t ions  

o c c u r r in g  4 to  5 days a f t e r  t re a tm en t  could  be due to  the  

d i r e c t  t o x i c  a c t i o n  o f  m a te r i a l  l i b e r a t e d  from k i l l e d  l a r v a e .  

Beesley  no ted  t h a t  i n  p r a c t i c e  no l a rv a e  were recove red  from 

most of  the  c a t t l e  s u b je c te d  to  p o s t  mortem examination  a f t e r  

r e a c t i o n s .

Anderson and Kirkwood (I968)  d e s c r ib e d  experiments  

d em ons tra t ing  the  d i r e c t  to x ic  a c t i o n s  of  e x t r a c t s  of  l a rv a e  

o f  H. bov is  i n  4 c a lv e s  which had never  been exposed to  

warble f l y .  E x t r a c t s  c o n s i s t e d  of  haemolymph and gut co n ten ts  

d ra in e d  from f i r s t  s tage  l a rv a e  of  H. bov is  o b ta in ed  from the  

e p i d u r a l  f a t  of  s laugh te rhouse  an im als .  Anderson and 

Kirkwood hoped to  d i s t i n g u i s h  a n a p h y la c t ic  r e a c t i o n s  from 

d i r e c t  t o x i c  e f f e c t s  of the l a rv a e  and d i r e c t  organophosphorus 

t o x i c i t y  by means o f  blood h is tam ine  l e v e l s ,  white  b lood c e l l  

d i f f e r e n t i a l  counts  and e r y th ro c y te  c h o l i n e s t e r a s e  a c t i v i t y .
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In t ra v en o u s  a d m in i s t r a t i o n  of  e x t r a c t s  from 15> 50 and 

45 l a rv a e  r e s p e c t i v e l y  to  5 o f  the  ca lv es  produced r e a c t i o n s  

c h a r a c t e r i s e d  by coughing, dyspnoea, l a c r im a t io n ,  mucosal 

erythema, a t a x i a ,  d e f a e c a t io n  and u r i n a t i o n .  The s e v e r i t y  

o f  the  r e a c t i o n  was r e l a t e d  to  the  number of  l a rv a e  r e p ­

r e s e n t e d  i n  the  e x t r a c t .  The f o u r t h  animal r e c e iv e d  e x t r a c t  

from 1-  ̂ l a rv a e  and showed only a very  m ild  r e a c t i o n  in  the  

form of  erythema of  the  n a s a l  and v u lv a l  mucosae and e a r s .  

A f t e r  an i n t e r v a l  of  2 weeks 12 l a rv a e  were g iven .  This  

f a i l e d  to  produce a r e a c t i o n  bu t  a d m i n i s t r a t i o n  of  15 l a rv a e  

2 weeks l a t e r  d id  produce a t y p i c a l  r e a c t i o n .  This a t tem p t  

to  s e n s i t i s e  an animal by g iv in g  an i n i t i a l  small  dose 

appeared  to  be u n s u c c e s s fu l .  Blood h is tam ine  l e v e l s  were 

found to  be s l i g h t l y  reduced  a f t e r  r e a c t i o n s  bu t  the changes 

were not  thought to  be s i g n i f i c a n t ,  nor  were they  r e l a t e d  

to  the  s e v e r i t y  of  the  r e a c t i o n s .  The c h o l i n e s t e r a s e  

a c t i v i t y  of  e r y th r o c y te s  was unchanged and haeraa to log ica l
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changes v/ere small  and i n c o n s i s t e n t .  In  a l l  cases  the 

lym p h o cy te /n eu t ro p h i l  r a t i o  was reduced and th e  packed 

c e l l  volume and r e d  blood c e l l  count was in c r e a s e d  i n  the 

animal which r e c e iv e d  the  l a r g e s t  dose of  l a r v a e .  From 

f in d in g s  i n  sheep (Alexander e t . a l .  1^ 6 ' j )  t h i s  haemocon- 

c e n t r a t i o n  might have been r e l a t e d  to  h is tam ine  r e l e a s e .

There was no d i r e c t  evidence o f  h is tam ine  r e l e a s e  oi* of  

c h o l i n e s t e r a s e  i n h i b i t i o n  in  the  h o s t ,  Anderson and Kirkwood 

b e l i e v e d  t h a t  Beesley*s (1965) f in d in g s  r e g a r d in g  the delayed 

e f f e c t  o f  organophosphorus i n s e c t i c i d e s  on l a rv a e  d id  not  

apply  i n  cases  o f  n a t u r a l  i n f e s t a t i o n  and t h a t  s u f f i c i e n t  

l a rv a e  would d ie  w i th in  the p e r io d  of 24 hours  fo l lo w in g  

i n s e c t i c i d e  a p p l i c a t i o n  to produce a c o n c e n t r a t io n  of  to x in s  

s u f f i c i e n t  to  account  f o r  the c l i n i c a l  symptoms, Whether or  

n o t  t h i s  i s  the  case i t  was c o n c lu s iv e ly  shown t h a t  r e a c t i o n s  

u n r e l a t e d  to  h y p e r s e n s i t i v i t y  to  Hypoderma bov is  l a rv a e  could 

by produced i n  c a t t l e .  The chemical n a tu r e  of  the to x ic  

subs tance  i n  the  f i r s t - s t a g e  l a rv a e  i s  unknown.
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Vi) RESPONSES TO BACTERIAL TOXINS

The haemodynamic e f f e c t s  of gram-negative  endotoxin  

have been found to  show sp e c ie s  v a r i a t i o n  and to  be s i m i l a r  

to  those  of anaphy lax is  (Kuida, Hinshaw, G i l b e r t  and Y issohe r ,  

19585 T ik o f f ,  Kuida and Chiga, I966; Kuida,  G i l b e r t ,  Hinshaw, 

Brunson and Y issohe r ,  I 9 6 I ) .  T ik o f f  e t . a l .  ( I966)  cons ide red  

the  e f f e c t s  o f  E s c h e r i c h ia  c o l i  endotoxin  to  be i n d i r e c t  

i n v o lv in g  a b lood and /o r  t i s s u e  r e a c t i o n  w ith  vaso ac t iv e  

m ed ia to rs  bu t  d id  n o t  sugges t  t h a t  h y p e r s e n s i t i v i t y  was 

in v o lv e d .  However, i n  the co n s id e rab le  l i t e r a t u r e  on the 

e f f e c t s  o f  Y ib r io  f o e tu s  endotoxin  au th o rs  have used  the

If
\ terms " h y p e r s e n s i t i v e , "  " a l l e r g i c "  and " a n ap h y la c to id  lo o s e ly ,  

b a s in g  t h e i r  d ia g n o s i s  on .the n a tu re  of  th e  c l i n i c a l  s igns  

and overcoming the  l a c k  of h i s t o r y  of  p rev ious  exposure by 

p o s t u l a t i n g  p a s s iv e  s e n s i t i s a t i o n  du r ing  p r e - n a t a l  deve lop­

ment (Osborne and Sraibert ,  I962 ) .  Osborne and Smibert i n  

1964 p o s t u l a t e d  t h a t  the  a b o r t i f a c i e n t  a c t i o n  o f  Y ib r io  

fo e tu s  i n  c a t t l e ,  as  w el l  as  i n  g o a t s ,  sheep,  p ig s  and
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r a b b i t s ,  was a l l e r g i c  i n  n a t u r e .  A bort ion  occu rred  i n  cows 

f o l lo w in g  in t rav e n o u s  i n n o c u la t io n  of  V. f o e tu s  whole c e l l s  

a l th o u g h  bac terae ra ia  was no t  demonstrable .  Pregnancy 

a p p a re n t ly  in c re a s e d  the  s u s c e p t i b i l i t y  o f  r a b b i t s  to  V . fo e tu s  

t o x in .  R eac t ions  to t h i s  to x in  were produced a l s o  i n  newborn 

ca lv e s  and p ig s  which had no t  r e c e iv e d  co los trum .
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2 ) HORSES

i )  PULMONARY EMPHYSEMA

Chronic a l v e o l a r  emphysema or  "heaves" i n  ho rses  was 

f i r s t  sugges ted  hy Larsson in  I956 to  be the  m a n i f e s t a t io n  

o f  a complex of a l l e r g i c  phenomena. The c o n d i t io n  i s  g radua l  

i n  o n se t  and u s u a l l y  encoun tered  in  housed h o rses  fed  poor 

q u a l i t y  roughage (Blood and Henderson, I9 6 5 ) .  I t  i s  f r e ­

q u e n t ly  a s s o c i a t e d  w i th  a dusty  atmosphere and dus ty  food 

and A legren  and Carls trom  ( 1940) s t a t e d  the  cause of heaves 

to  be c o n s t r i c t i o n  of  the  b ro n ch io le s  caused d i r e c t l y  by 

i r r i t a t i o n  of the  mucous membrane by co ld  and dus ty  a i r .

On sk in  t e s t i n g  a f f e c t e d  h o rse s  Larsson ( 195&) found t h a t  

they  r e a c t e d  p o s i t i v e l y  to  e x t r a c t s  of  mould o b ta in ed  from 

mouldy hay. Andberg, Boyd and Code ( I941)  showed t h a t  h is tam ine  

i n j e c t e d  in t r a v e n o u s ly  in to  normal ho rses  caused a complex 

of  symptoms s i m i l a r  to  t h a t  of  heaves and Obel and Schmiterlow 

(1948) found t h a t  h o rse s  s u f f e r i n g  from heaves were more
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s e n s i t i v e  than  normal ho rses  to  the b r o n c h o c o n s t r i c t in g  

a c t i o n  o f  h i s tam in e .  This was t r u e  even when the  symptoms 

o f  the  d i s e a s e  were ab sen t  as a r e s u l t  e i t h e r  of  spontaneous 

r e g r e s s i o n  or of a t r o p in e  p r e t r e a tm e n t .  This  was of  i n t e r e s t  

i n  r e l a t i o n  to  a s i m i l a r  f i n d in g  in  humans t h a t  a s th m a t ic  

i n d i v i d u a l s  were more than  normally  s e n s i t i v e  to  h is tam ine  

(Weiss, Robb and Blumgart,  1929)* Obel and Schmiterlow a l s o  

showed t h a t  i n  h o rse s  s u f f e r i n g  from heaves the  i n t r a - t h o r a c i c  

p r e s s u re  d u r ing  e x p i r a t i o n  was p o s i t i v e  due to  the  abdominal 

muscular  e f f o r t  r e q u i r e d  to  expel a i r  from the  lungs .

The work o f  Obel and Schmiterlow suppor ted  the  theory  

t h a t  h is tam in e  might be invo lved  in  the  p a th o g en es is  of  

a l v e o l a r  emphysema bu t  d id  no t  prove i t  t o  be an a l l e r g i c  

r e a c t i o n .  More r e c e n t l y  Jenk ins  and Pepys ( I965)  c a r r i e d  

ou t  a l i m i t e d  i n v e s t i g a t i o n  in  ho rses  s u f f e r i n g  from t h i s  

d i s e a s e ,  t e s t i n g  t h e i r  s e r a  f o r  the  p resence  of  p r e c i p i t i n s  

a g a i n s t  the  FLÏî a n t ig e n s  of mouldy hay and a g a i n s t  the
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source of  these  a n t ig e n s ,  the  th e rm o p h i l ic  ac t inom ycete ,  

Thermopolyspora po lyspo ra .  No p o s i t i v e  r e a c t i o n s  were 

o b ta in ed  b u t ,  as they  p o in te d  ou t ,  a l l e r g e n s  o th e r  than  

those  o f  FLH might be re spons ib le*

i i )  LAMINITIS

Cm
Akerblom i n  1954 c a r r i e d  out an i n v e s t i g a t i o n  of  the 

a e t i o l o g y  and p a thogenes is  of l a m i n i t i s  i n  h o r s e s .  On the 

b a s i s  o f  a e t i o l o g y  he c l a s s i f i e d  l a m i n i t i s ,  o r  founder as 

i t  i s  o f t e n  c a l l e d ,  as  p a r t u r i t i o n ,  f eed in g ,  t o x i c ,  m e t a s t a t i c ,  

rheum at ic ,  over lo ad in g  or over e x e r t io n  founder .  Of those 

types  he found t h a t  a s s o c i a t e d  w ith  f e e d in g  was the most 

common, having an inc idence  of 67.4^ of a l l  cases  of  l a m i n i t i s  

he r eco rd ed .  A wide range of  food s t u f f s  have been in c r im ­

in a t e d  by d i f f e r e n t  a u th o r s .  E b e r le in  (19O8) and Thum ( I9 I2 )  

m a in ta ined  t h a t  i t  could be induced by a l l  types  of  g r a in  

and hay. E b e r le in  gave the name rheum atic  founder to  cases
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a s s o c i a t e d  w i th  c h i l l i n g  and obscure causes in  which a l l e r g y

was p o s s i b ly  invo lved ,  

o
Akerblom ( 1959) found t h a t  i n  ho rses  s u f f e r i n g  from 

acu te  l a m i n i t i s  blood h is tam ine  l e v e l s  were e l e v a t e d  but 

Amman ( 194-9 ) found no s i g n i f i c a n t  d i f f e r e n c e  between the

c>
va lues  o b ta in ed  du r in g  l a m i n i t i s  and normal v a lu e s .  Akerblom 

showed t h a t  h is tam in e- fo rm in g  c o l i  b a c t e r i a  were p r e s e n t  i n  

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

w i th  f e e d in g .  However, he d i f f e r e n t i a t e d  between h is tam ine  

involvement o r  what ne termed " h is ta m in o s is "  and a l l e r g y .

Akerblom ( 1954) produced l a m i n i t i s  ex p e r im e n ta l ly  in  

the  horse  p a r t l y  by fe e d in g  rye  and p a r t l y  by in t rav en o u s  

and subcutaneous i n j e c t i o n s  o f  histamine* The p a th o lo g ic a l  

changes produced in  t h i s  way were s i m i l a r  to  those  o f  spon­

taneous l a m i n i t i s .  Mintschew ( 1958) produced l a m i n i t i s
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and p e r io d i c  op tha lm ia  (moon b l in d n e s s )  by i n t r a - a r t e r i a l  

i n j e c t i o n  of h is tam ine  bu t  Dozza and Rampiohini in  1959 

were no t  ab le  to  produce l a m i n i t i s  by i n j e c t i n g  the h is tam ine  

r e l e a s i n g  agen t ,  compound 48/ 80 , i n t o  the d i g i t a l  a r t e r i e s  

a l th o u g h  t h i s  d id  in c re a s e  the h is tam ine  co n ten t  of  c i r c u l a t i n g  

b lood.

Augustinus i n  1945 G.nd Ghavance i n  1946 r e p o r t e d  t h a t  

a n t ih i s t a m in e  t r e a tm e n t  was s u c c e s s fu l  i n  l a m i n i t i s  i n  h o r s e s .  

This was su p p o r ted  by Akerblom ( 1952) .  C o r t i c o s t e r o i d  the rapy  

was r e p o r t e d  a l s o  to  be s u c c e s s fu l  (Lannek, Nordstrom . and 

Asheim ( 1959)* Akerblom ( 1954) a l so  advocated  phlebotomy.

There appears  to  be evidence of  h is tam ine  being  i n ­

vo lved  i n  equine l a m i n i t i s  but  no r e a l  evidence t h a t  i t  i s  

an a l l e r g i c  r e a c t i o n .
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i l l )  anaphylactic REACTIONS TO YACOINËS

Graham (I94O) d isc u s se d  the p o s s ib le  causes o f  

adverse  r e a c t i o n s  i n  ho rses  to  chick-embryo equine ence­

p h a lo m y e l i t i s  v ac c in e .  H y p e r s e n s i t i v i t y  was suspec ted  to  

be invo lved  but  a t tem p ts  to  reproduce the  r e a c t i o n s  ex ­

p e r im e n ta l ly ,  by i n j e c t i n g  double doses o f  vaccine  by 

v a r io u s  r o u t e s ,  f a i l e d .  Sohoening (1940) r e p o r t e d  ana­

p h y l a c t i c  r e a c t i o n s  to  t h i s  vaccine o c c u r r in g  mainly in  

animals  r e c e i v in g  a second dose but  s t r e s s e d  t h a t  many 

animals  were v a c c in a te d  twice w i thou t  showing any adverse  

symptoms.

Jackson (I969)  commenting on untoward r e a c t i o n s  of 

the horse  to  i n j e c t i o n  of a n t ig e n i c  su b s tan ces  observed 

t h a t  the  r e p o r t e d  inc idence  of  a n a p h y la c t i c  r e a c t i o n s  was 

lower than  might have been expected  as  the  horse  i s  f r e ­

q u en t ly  i n j e c t e d  w ith  immunising m a t e r i a l s .  Purpura  haem- 

o r rh a g ic a  has been r e p o r t e d  to  occur as a r e s u l t  of  s t r a n g l e s



-  1 6 0  -

v a c c in a t io n  (Bryans, I966 ) .  The e x te n s iv e  use  of  a n t i s e r a  

i n  i n f e c t i o u s  d i s e a s e  has been a s s o c i a t e d  w i th  cases  of  

serum s ic k n e s s  (Krai and Sohwartzman, I9 6 4 ) .

i v )  SKIN DISEASES

Skin m a n i f e s t a t io n s  in  the horse of  a l l e r g i c  response  

to  i n g e s t e d  a l l e r g e n s  were reco rded  by Walton ( I9 6 8 ) .  The 

d i e t a r y  c o n s t i t u e n t s  invo lved  in c luded  wheat, o a t s ,  b a r l e y ,  

horse  cubes, horse  t o n ic  and c e r t a i n  p l a n t s .  Horses showed 

e i t h e r  a g e n e ra l i s e d  papu la r  response w i th  or w ithout  p r u r i t i s  

or  g e n e r a l i s e d  oedema of  the sk in  p a r t i c u l a r l y  over the  face  

and e y e l i d s .  Skin r e a c t i o n s  r e s u l t i n g  from a d m in i s t r a t i o n  

of  a n t i b i o t i c s ,  t e t a n u s  toxo id ,  a n t i s e r a  and pheno th iaz ine  

were d e s c r ib ed  by Krai and Schwartzman ( I964)  and co n tac t  

d e r m a t i t i s  r e s u l t i n g  from co n ta c t  w ith  a l l e r g e n s  i n  sub­

s ta n c e s  used  f o r  c l e a n in g  ta ck  were confirmed (Walton, I968) .  

I n s e c t  b i t e s  have a l s o  been in c r im in a te d  i n  a l l e r g i c  sk in  

r e a c t i o n s  of  the  h o rse .  Riek ( 1954 , 1955) i n v e s t i g a t e d  the
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c o n d i t io n  known as "sweet i t c h "  or  "Queensland I tch "  

and found i t  to be r e l a t e d  to the  b i t e s  o f  the  sand f l y ,  

C u l ico id es  r o b e r t s i .  He found t h a t  in  summer the  plasma 

h is tam ine  l e v e l  of  s u s c e p t i b l e  ho rses  was e l e v a t e d  a t  the 

time of  day of  maximum a c t i v i t y  of  G. r o b e r t s i .  Also the 

h is tam ine  con ten t  of  the  sk in  a t  the s i t e  of  in t r ad e rm a l  

i n j e c t i o n  o f  0 , r o b e r t s i  was in c re a s e d .  In t rad e rm a l  t e s t s ,  

p o s i t i v e  i n  s u s c e p t i b l e  h o rse s ,  were n eg a t iv e  in  non-sus-  

c e p t i b l e  h o rses  and the  l a t t e r  showed no marked f l u c t u a t i o n s  

i n  plasma h is tam ine  l e v e l s .  Therniolabile sk in  s e n s i t i s i n g  

an t ib o d y  to  C. r o b e r t s i  was d e t e c t e d  in  s u s c e p t i b l e  animals* 

G rea to rex  (I969)  reviewed c u r r e n t  in fo rm a t io n  on c o n d i t io n s  

of  the  h o rse ,  in v o lv in g  sk in  l e s i o n s ,  of  p o s s i b le  a l l e r g i c  

o r i g i n ,  namely u r t i c a r i a ,  blue nose and purpura  haemorrhagica, 

Blue nose i s  c h a r a c t e r i s e d  by sudden o n se t  of  oedema of  the 

n o s t r i l s ,  face  and e y e l i d s .  The sk in  around the n o s t r i l s  

becomes blue i n  co lou r  and desquamation fo l lo w s .  U r t i c a r i a l
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l e s i o n s  may a l s o  be p r e s e n t  on the body. There may be 

evidence o f  jaund ice  and behaviour  changes and t h i s  d i s e a se  

may be f a t a l  w i th in  s e v e ra l  days. Clovers have been s u s ­

pec ted  as the s e n s i t i s i n g  agen ts  r e s p o n s i b l e .

Purpura  haemorrhagica i s  a c o n d i t io n  of obscure a e t i o l o g y  

in v o lv in g  oedema of the head and limbs w i th  widespread p e t e c h i a l  

haemorrhages o f t e n  accompanied by u r t i c a r i a l  l e s i o n s .  As i t  

was o f t e n  found to  accompany a systemic i n f e c t i o n  such as 

i n f lu e n z a  or  s t r a n g l e s ,  appea r ing  when the  acu te  symptoms were 

n  su b s id in g ,  i t  was thought to be an a l l e r g i c  r e a c t i o n  to

s t r e p t o c o c c a l  p r o t e i n ,  however, no t  a l l  ca ses  have been a s s o c ­

i a t e d  w i th  s t r e p t o c o c c a l  i n f e c t i o n .

In  a l l  the  above c o n d i t io n s  a n t ih i s t a m in e  the rapy  has 

been advocated  bu t  has g e n e ra l ly  proved d i s a p p o in t in g .
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5 ) SHEEP

D iseases  a s s o c i a t e d  w i th  a l l e r g i c  r e a c t i o n s  in  sheep 

a re  no t  common. As i n  c a t t l e  i t  was c laimed by Osborne and 

Smibert  i n  I964 t h a t  en z o o t ic  a b o r t io n  a s s o c i a t e d  w ith  Vibrio  

f o e tu s  organisms in  sheep was r e l a t e d  to  h y p e r s e n s i t i v i t y *  

Endotoxins of  B ru c e l la  ab o r tu s  and B. m e l i t e n s i s  in c re a s e d  

s e n s i t i v i t y  of  smooth muscle to  oxy toc in  and h i s t a m i n e . (Urba- 

Bchek, 1964 and Urbaschek and V e r s te y l ,  I965 ) .

Halmagyi, S ta r z e c k i  and Horner (1965) d e s c r ib ed  the 

e f f e c t s  o f  i n j e c t i o n s  o f  G o l i - l ip o p o ly s a c c h a r id e  and s t a p h y lo ­

coccus to x in s  in  sheep but  they d id  no t  co n s id e r  hypersens ­

i t i v i t y  to  be invo lved  in  the  response  to  endo tox in .  They’ 

deduced t h a t  endo tox in  caused c o n s t r i c t i o n  i n i t i a l l y  of  

pulmonary blood v e s s e l s .  This le d  to  r i g h t  v e n t r i c u l a r  

f a i l u r e  and r e s p i r a t o r y  a r r e s t  due to  changes i n  lung mechanics.
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Anaphylaxis i n  sheep was claimed by Hadwen and 

Bruce ( I9 I 7 )  to  be produced by in t ra v e n o u s  i n j e c t i o n  of  

e x t r a c t s  o f  the  l a r v a l  form of  O estrus  o v i s .  They des­

c r ib e d  a n a t u r a l  case o f  what they termed anaphy lax is  in  

a lamb where no l a r v a l  i n f e s t a t i o n  was found, s u g g e s t in g  

t h a t  s e n s i t i v i t y  had been i n h e r i t e d .  Fo l low ing  r e a c t i o n s  

th e r e  was a p e r io d  o f  about one month when the animals d id  

no t  r e a c t  on a d m i n i s t r a t i o n  of the l a r v a l  e x t r a c t s .  The 

r e a c t i o n s  shown by the  sheep c o n s i s t e d  of  d e f a e c a t io n ,  

s a l i v a t i o n ,  r e s p i r a t o r y  d i s t r e s s ,  cy a n o s is ,  n a s a l  d isch a rg e  

and s t a g g e r in g .  At necropsy i t  was found t h a t  blood f a i l e d  

to  c l o t .  The lungs and mucous membranes o f  the  t r a c h e a  and 

bronch i  were congested  as  were the t h o r a c i c  lymph g lands .  

Po teoh iae  were found in  the lungs .  The main d i f f i c u l t y  i n  

a s s e s s i n g  the f i n d in g s  of these  e a r l y  workers i s  t h e i r  a s s ­

umption t h a t  animals  were in  a s e n s i t i s e d  s t a t e  w i thou t  de­

te rm in in g  how they  became s e n s i t i s e d  or  t r y i n g  to  s e n s i t i s e  

them e x p e r im e n ta l ly .
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A ty p ica l  i n t e r s t i t i a l  pneumonia i n  sheep was d es ­

c r ib e d  by Pasooe and McGavin i n  I969. Four ou tb reaks  o f  

t h i s  d i s e a s e ,  no t  p re v io u s ly  r e p o r t e d  as o c c u r r in g  i n  sheep, 

occu rred  in  Queensland, A u s t r a l i a  d u r in g  summer in  sheep-  

g ra z in g  s tu b b le  of  wheat, b a r le y  and canary g r a s s .  M orbid ity  

ranged  from 2 to  25^0. The c l i n i c a l  s igns  and p a th o lo g ic a l  

changes i n c lu d in g  the p resence  of a l v e o l a r  h y a l in e  membranes 

were s i m i l a r  to those  d e s c r ib e d  in  cases  of  a t y p i c a l  i n t e r ­

s t i t i a l  pneumonia of  c a t t l e ,  Symptoms appeared  w i th in  6 days 

of  sheep be ing  in t ro d u c e d  to new g raz in g  and Pascoe and 

McGavin co n s id e red  t h i s  d i s e a se  to  be the  same as  t h a t  d es ­

c r ib e d  in  c a t t l e ,  assuming in  the l a t t e r  s p e c ie s  t h a t  i t  was 

a h y p e r s e n s i t i v i t y  r e a c t i o n .  A n t ih is tam in es  were ad m in is te red  

in t r a v e n o u s ly  to  some of t h e i r  cases  bu t  they were cons ide red  

to  have been of value only when used w i th in  24 hours of  onse t  

of  the  symptoms.
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4 ) PIGS

Oedema d ise a se  and g a s t r o - e n t e r i t i s  i n  p ig s  were 

shown to be a s s o c i a t e d  w i th  m u l t i p l i c a t i o n  of  c e r t a i n  

E s c h e r i c h ia  c o l i  s e ro ty p e s  in  the stomach and i n t e s t i n e s  

(So jka ,  Erskine  and Lloyd, 1957 ; Roberts  and V a l l e ly ,

1959 ; Thoralinson and Buxton, I962) .  Gregory ( 1955) and 

E rs k in e ,  Sojka and Lloyd ( 1957) reproduced oedema d ise ase  

i n  p ig s  by in n o c u la t i n g  c u l tu r e  f i l t r a t e s  and e x t r a c t s  of 

these  organisms.  Buxton and Thoralinson i n  I96 I  showed t h a t  

p ig s  were h y p e r s e n s i t iv e  to  the common E. c o l i  s e ro ty p es  

a s s o c i a t e d  w i th  oedema d ise a se  and haemorrhagic g a s t r o ­

e n t e r i t i s  and p o s tu l a t e d  t h a t  an a n a p h y la c t ic  r e a c t i o n  to  

E. c o l i ,  r a t h e r  than  a d i r e c t  to x ic  e f f e c t  fo l lo w in g  the 

a b s o rp t io n  of E# c o l i  po ly sacchar ide  from the  i n t e s t i n e s ,  

might be r e s p o n s ib le  f o r  these  d i s e a s e s .  When Thomlinson 

and Buxton in  19&5 e x p e r im en ta l ly  produced a c t i v e  anaphylax is  

and r e v e r s e d  pas s iv e  anaphy lax is  i n  p igs  they  found t h a t  the
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r e a c t i o n s  and the  l e s i o n s  produced resembled  those  of 

n a t u r a l l y  o c c u r r in g  oedema d is e a se  and haemorrhagic g a s t r o ­

e n t e r i t i s .  This work has a l r e a d y  been d is c u s se d  in  d e t a i l  

(see  page B5 ) .
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5 ) CATS Aim BOGS

a)  SYSTEMIC REACTIONS

REACTIONS TO RABIES VACCINE IN BOGS

A naphy lac t ic  shook i n  dogs r e s u l t i n g  from v a c c in a t io n  

a g a i n s t  r a b i e s ,  was r e p o r t e d  by Baer, Goodrich and Bean in  

1962* The inc idence  of  such r e a c t i o n s  was no t  h igh .  Baer 

e t .  a l .  reco rded  9 cases  out of  500,000 dogs v a c c in a te d  

(approx im ate ly  0 . 002^ ) .

ANAPHYLACTIC REACTIONS IN CATS

As p re v io u s ly  d e s c r ib ed  (p .  76) McCusker and A itken  

encoun te red  acu te  anaphy lax is  in  c a t s .  Tv/o showed r e s p i r a t o r y  

d i s t r e s s  w i th  pulmonary l e s i o n s  r e v e a le d  on necropsy  (McCusker 

and A itken ,  I966) and 9 showed involvement o f  the  a l im e n ta ry  

t r a c t  and sk in  (Ai tken  and McCusker, I9 6 9 ) .  Klaus ( 19&5) 

d e s c r ib e d  spontaneous i d i o p a t h i c  pulmonary oedema i n  a Siamese 

ca t  which showed a sudden onse t  of  very  severe  r e s p i r a t o r y
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d i s t r e s s .  Klaus cons idered  t h i s  to  be a m a n i f e s ta t io n  

o f  an ap h y lax is ,  comparing the r e a c t i o n  to  fog fev e r  in  

c a t t l e .  A n t ih is tam ine  the rap y  had l i t t l e  e f f e c t .  M i l l e r  

(1960) and Peckenpaugh (196I)  desc r ibed  b ro n c h ia l  asthma 

o c c u r r in g  in  c a t s .  The o u ts tan d in g  f e a t u r e s  o f  t h e i r  

cases  were sudden onse t  o f  dyspnoea and r a p i d  response to  

a d r e n a l in e  or c o r t i c o s t e r o i d  the rapy .  Siamese c a t s  appeared 

to  predominate i n  the inc idence  of  a s th m a t ic  r e a c t i o n s .

REACTIONS TO INGESTED ALLERGENS

Walton, P a r i s h  and Coombs (I968)  d e s c r ib ed  a case of  

n a t u r a l l y  o cc u r r in g  a l l e r g y  to  cow's milk where a  c a t  de­

veloped e n t e r i t i s  and d e r m a t i t i s .  When milk  was i n j e c t e d  

i n t r a d e r m a l l y  a weal developed and serum from the a f f e c t e d  

c a t  was shown to have h igh  a g g l u t i n a t i n g  an t ibody  t i t r e s  to 

whole milk  and to the - la c ta lb u m in  f r a c t i o n .  Serum from 

the c a t  f a i l e d  to  s e n s i t i s e  the sk in  of  g u in e a -p ig s  f o r  

PCA and p as s iv e  sk in  s e n s i t i s a t i o n  was ach ieved  only i n  one 

o f  8 normal c a t s .
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REACTIONS TO IMALED ALLERGENS

An account of a l l e r g y  to ragweed in  a dog v;as g iven 

by P a t te r s o n  in  1959* The symptoms, namely c o n j u n c t i v i t i s ,  

r h i n i t i s  and r e s p i r a t o r y  d i s t r e s s  were rep roduced  by a l lo w in g  

the  animal to  in h a le  ragweed p o l le n  or ragweed e x t r a c t .  On 

s k in  t e s t i n g , p o s i t i v e  r e a c t io n s  were o b ta in ed  to  ragweed 

a n t ig e n .  Other p la n t  p o l le n s ,  p o u l t ry  and horse  danders 

have been in c r im in a te d  in  s im i la r  a l l e r g i c  r e a c t io n s  i n  dogs 

ra n g in g  from hay fe v e r  to  more severe  r e s p i r a t o r y  d i s t r e s s  

(W alton, 1968).

b ) CUTANEOUS REACTIONS

The m a n ife s ta t io n  o f  a l l e r g i c  response  most commonly 

encoun te red  in  c a ts  and dogs has been d e r m a t i t i s ,  V/alton

(1967) gave an account o f  100 confirm ed cases  of  sk in  r e s ­

ponses to  in g e s te d  a l l e r g e n s ,  82 in  dogs and 18 in  c a t s .  

D iagnosis  vfas c a r r i e d  ou t most s u c c e s s fu l ly  by t e s t  meal
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a d m in is t r a t io n .  The sk in  re sp o n ses  were, i n  16 c a se s ,  

accompanied by e n t e r i c  involvem ent and, in  2, by r e s p i r a t o r y  

invo lvem ent. Walton p o in te d  ou t t h a t  o f  th e  many causes of 

sk in  d is e a se  in  sm all an im als a l l e r g y  v/as r e s p o n s ib le  i n  

on ly  about l ô o f  a l l  an im als showing sk in  d is e a s e .

Walton (1966) d e sc r ib e d  a l l e r g i c  s k in  changes o c c u rr in g  

i n  dogs and c a ts  in  a s s o c ia t io n  w ith  roundworm, tapeworm 

and e c to p a r a s i t e  i n f e s t a t i o n s .  H y p e r s e n s i t iv i ty  to  b a c t e r i a  

and fu n g i was a ls o  su sp ec ted  i n  some dogs and c a t s .  C ontact 

w ith  c a rp e ts  o r  p o l is h e s  was o f te n  r e s p o n s ib le  f o r  c o n ta c t  

d e r m a t i t i s  (Walton, I9 6 8 ) .  These le s io n s  sometimes appeared  

suddenly  a f t e r  many y e a rs  o f  exposure to  the  ag en t r e s p o n s ib le .  

E isen  in  1959 showed t h a t  such s e n s i t i s i n g  a g e n ts  combined 

s t r o n g ly  w ith  animal p r o te in .  Frey and Wenk in  I956 found 

r e g io n a l  lymph nodes to  p lay  an e s s e n t i a l  r o l e  i n  i n i t i a t i o n  

o f  c o n ta c t  d e r m a t i t i s  in  the g u in e a -p ig .  The sk in  response  

to  c o n ta c t  w ith  th e  a p p ro p r ia te  a l l e r g e n  could  be delayed
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f o r  as  long  as  8 days, making i d e n t i f i c a t i o n  o f  the  

a l l e r g e n  d i f f i c u l t  (Walton, I9 6 8 ) .

McCusker and A itken  (I967) produced le s io n s  e x p e r i ­

m e n ta l ly  w ith  the  o b je c t  of c l a r i f y i n g  the  a e t io lo g y  and 

p a th o g e n e s is  o f  f e l i n e  eczema. McCusker (I965 )  showed th a t  

the mast c e l l  and h is tam in e  co n ten t o f  th e  sk in  was in c re a s e d  

in  t h i s  cond ition*  They produced cu taneous h y p e r s e n s i t i v i t y  

to  bovine normal serum and serum albumin in  c a t s  by in j e c t i o n s  

of the  a n t ig e n s  in  F re u n d 's  ad ju v an t (McCusker and A itken , 

1967). ' In tra d e rm a l  cha llenge  a f t e r  an i n t e r v a l  of 10 or

11 days r e s u l t e d ,  w ith in  s e v e ra l  m inutes to  4 hours , in  

l o c a l  cutaneous an ap h y lax is  and, a f t e r  approx im ate ly  4 to  

24 h o u rs ,  in  lo c a l  A rthus r e a c t i o n s .  No r e l a t i o n s h i p  was 

a p p a re n t  between the s e v e r i ty  of r e a c t io n s  and c i r c u l a t i n g  

l e v e l s  o f  p r e c i p i t a t i n g  an tib o d y . Mast c e l l  deg ra n u la t io n  

was d e s c r ib e d  in  cutaneous a n a p h y la c t ic  b u t n o t in  Arthus 

r e a c t i o n s .
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6 ) HTOJAMS

A lle r g ic  d i s o r d e r s  in  man have been e x te n s iv e ly  

in v e s t ig a t e d .  This s u b je c t  was review ed by G ladstone (1964).

G eneral anaphylax i s  has n o t been d e s c r ib e d  f r e q u e n t ly  

i n  man. S u t l i f f e  i n  1950 observed an ap h y lax is  in  6 ,V f o  of 

571 p a t i e n t s  who were i n j e c t e d  w ith  serum in  the  tre a tm e n t  

o f  pneumonia. The time i n t e r v a l  between s e n s i t i s i n g  and 

shocking  doses was a t  l e a s t  12 days bu t r e a c t io n s  could occur 

on exposure a f t e r  an i n t e r v a l  o f  as  long  as 10 y e a r s .  The 

r e a c t io n  could  be produced by as l i t t l e  as 0 ,05  serum 

i n j e c t e d  su b cu taneous ly . R eac tio n s  i n  humans a f f e c t i n g  the  

lungs p r im a r i l y ,a s  in  the  g u in e a -p ig ,  o r  th e  pulmonary a r t e r i a l  

system , a s  in  the  r a b b i t ,  o r  showing h y p o tens ion  as  the p r e ­

dominant symptom, as  in  the dog, have been described^  Thus 

th e  n a tu re  of the  r e a c t io n  appeared  more v a r ia b le  i n  humans 

th an  in  o th e r  s p e c ie s .
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The A rthus Phenomenon (A rthus , I9O3), in v o lv in g  

damage to  c a p i l l a r y  endothelium , e x t r a v a s a t io n  of b lood 

and n e c r o s i s ,  was produced in  man as a r e s u l t  o f  i n j e c t i n g  

ho rse  serum subcu taneously  r e p e a te d ly  a t  i n t e r v a l s  of 

s e v e ra l  days. Although the sk in  i s  the  s i t e  most f r e q u e n t ly  

a f f e c t e d ,  any organ may be in v o lv ed , Pepys (I966) b e l ie v e d  

t h i s  form of r e a c t io n  to be invo lved  in  pulmonary hyper­

s e n s i t i v i t y  d i s e a s e s .

The terra " a to p y " was a p p l ie d  to  a l l e r g i c  d is e a s e s  of 

th e  immediate type which occu rred  only in  c e r t a i n  in d iv id u a l s  

and was b e l ie v e d  to  be a s s o c ia te d  w ith  h e r e d i t a r y  f a c t o r s .

The symptoms of such a to p ic  r e a c t io n s  v a r ie d ,  ra n g in g  from, 

u r t i c a r i a l  sk in  l e s io n s  to  g a s t r o - i n t e s t i n a l  d is tu rb a n c e s  

and asthma. The n a tu re  of the  symptoms was in f lu e n c e d  by 

the  ro u te  of  exposure to  the  a l l e r g e n .  The a n t ib o d ie s  i n ­

volved  in  atopy were g iven the  name " r e a g in s . "  These could 

no t be d e te c te d  in  serum by complement f i x a t i o n ,  a g g lu t in a t io n
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or p r e c i p i t a t i o n  t e s t s ,  bu t were d e te c te d  by means of  the  

P ra u s n i tz -K u s tn e r  r e a c t io n  (p-K r e a c t io n ) ( P r a u s n i t z  and 

K ustner, I9 2 1 ) .  This r e a c t io n  was produced by i n j e c t i n g  

serum from an a to p ic  in d iv id u a l  in to  the sk in  o f  a normal 

i n d iv id u a l .  \Vhen the  a l l e r g e n  to  which the  a to p ic  in d iv id u a l  

was s e n s i t i v e  was i n j e c t e d  a f t e r  an i n t e r v a l  o f  24 h o u rs ,  a 

p o s i t i v e  r e a c t i o n  was m a n ife s t  a t  the  s i t e  of the  serum 

i n j e c t i o n  w ith in  1-  ̂ ho u rs , as a wheal and f l a r e .  The a b i l i t y  

o f  the  r e a g in s  to  p repare  sk in  f o r  such a r e a c t io n  was des­

tro y e d  by h e a t in g  the  serum fo r  4 hours a t  (Kuhns and

Pappenheim er, 1952) .  R eag in ic  an tibody  was i d e n t i f i e d  by 

I s h iz a k a ,  I s h iz a k a  and Hornbrook (1966a,b ) as be long ing  to the 

immunoglobulin c l a s s  E d es ig n a te d  IgE. Wide, Bennich and 

Johansson in  I967 showed th a t  a l l e r g i c  p a t i e n t s  had 6 tim es 

as much IgE in  t h e i r  serum as had c o n t ro l  in d iv id u a l s  and 

t h a t  the c a p a c i ty  of in d iv id u a l s  to produce r e a g in s  or  IgE 

was r e l a t e d  in  ca ses  o f m u lt ip le  a l l e r g i c  s e n s i t i v i t y  to  the



-  176 -

number o f  a l l e r g e n s  invo lved . The h e r e d i t a r y  f a c t o r  

in v o lv ed  in  a topy  v/as b e l ie v e d  to  be a p r e d i s p o s i t io n  to  

produce r e a g in ic  a n t ib o d ie s  (Smith, I9 6 4 ) .  Although re a g in s  

d id  n o t r e a d i l y  s e n s i t i s e  t i s s u e  p a s s iv e ly  f o r  S ohu lts-D ale  

r e a c t io n s ^  S c h i ld ,  Hawkins, Mongar and Herxheimer (I951) 

showed t h a t  a S chu ltz -D a le  response could be o b ta in ed  from 

the  t i s s u e s  of the  a l l e r g i c  in d iv id u a l  in  which the r e a g in s  

were produced. They dem onstrated  t h i s  u s in g  b ro n c h ia l  r in g s  

from a c h i ld  s e n s i t iv e  to  p o l le n .

DRUG ALLERGY

Among the a l l e r g e n s  of a non p r o te in  n a tu re  and low 

m olecu lar  w eigh t, in c r im in a te d  in  p roducing  h y p e r s e n s i t iv i ty  

r e a c t i o n s ,  a re  many drugs such as p e n i c i l l i n  and sulphonamides. 

L a n d s te in e r  ( 1945) showed th a t  such hap tens combined in  vivo 

w ith  p r o te in  and t h a t  t h i s  was n ecessa ry  f o r  s e n s i t i s a t i o n  

to  o ccu r.  E is se n , O r r is  and Belraan ( 1952) showed t h a t  the 

fo rm ation  of co v a len t i r r e v e r s i b l e  bonds w ith  sk in  p r o te in
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was n e c e ssa ry  a l s o  f o r  e l i c i t a t i o n  of delayed  a l l e r g i c  

sk in  r e a c t io n s  to  haptens* Drug A lle rg y  cou ld  be mani­

f e s t e d  in  a v a r i e t y  o f  ways in c lu d in g  immediate a n a p h y lax is ,  

a to p y , de layed  h y p e r s e n s i t i v i t y  and, in  th e  case o f  drugs 

such as  sulphanam ides which p e r s i s t e d  in  th e  blood f o r  

s e v e ra l  days, serum sickness*

REACTIONS TO INHALED ORGANIC ANTIGENS

ASPERGILLUS FUMIGATUS* Pepys (I966) rev iew ed the  

s u b je c t  o f  pulmonary h y p e r s e n s i t i v i t y  d is e a se  due to  in h a le d  

o rg an ic  a n t ig e n s .  He d e sc r ib ed  how in h a le d  spo res  of Asper­

g i l l u s  fum igatus could  a c t  as a l l e r g e n s  and on subsequent 

exposure produce asthma in  some in d iv id u a l s .  In  10^  to  58^  

of such p a t i e n t s  immediate sk in  r e a c t io n s ,  m ediated  by r e a g in ic  

a n t ib o d ie s ,  were o b ta in e d  and on in h a la t io n  of a n t ig e n  the  

b ro n c h ia l  mucosa became oedematous and i n f i l t r a t e d  w ith  

e o s in o p h i l s .  Some cases  of asthma were com plica ted  by e o s in -  

o p h i l i a  w ith  t r a n s i t o r y  pulmonary i n f i l t r a t i o n  of e o s in o p h i ls .  

These p a t i e n t s  were found to  p ossess  p r e c i p i t a t i n g  as 

w e ll  as  r e a g i n ic ,  a n t ib o d ie s  to  a s p e r g i l l u s  a l l e r g e n .
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On s k in  t e s t i n g ,  as w ell as an immediate r e a c t io n ,  

a second, more de layed , A rthus type o f  r e a c t io n  was ob­

ta in e d  5 to  4 hours  a f t e r  in tra d e rm a l  i n j e c t i o n  of  the  

a l l e r g e n .  A s p e rg i l lu s ,  b e ing  a common sap rophy te  or p a th ­

ogen of the  r e s p i r a t o r y  t r a c t ,  was p re s e n t  in  many humans 

who were n o t h y p e r s e n s i t iv e  to i t .  Such in d iv id u a l s  showed 

n e i t h e r  th e  immediate nor the  more delayed  sk in  r e a c t io n ,  

a l th o u g h  t h e i r  s e ra  co n ta in ed  p r e o i p i t i n s .

S iq u e i r a  and B ie r  ( I9 6 I )  and B ie r ,  Bassos and S iq u e i r a

(1968) i n v e s t ig a te d  a dual type of  sk in  r e a c t i o n  which appeared  

to  r e q u i r e  bo th  r e a g in s  and p r e o i p i t i n s  in  g u in e a -p ig s .  They 

concluded t h a t  the  PCA r e a c t io n  in  some way o th e r  than  by 

in c r e a s in g  p e rm e a b i l i ty  enhanced uptake of  a n t ig e n -a n t ib o d y  

a g g re g a te s  by v a s c u la r  endothelium . Dual r e a c t io n s  to  i n ­

h a l a t i o n  t e s t s  were a l s o  produced u s in g  A s p e rg i l lu s  by Pepys, 

R id d e l l ,  C i t ro n ,  C layton and S hort i n  1959* These took the  

form of an immediate a s th m a tic  r e a c t io n  fo llow ed  se v e ra l  hours
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l a t e r  by a more severe  and prolonged r e a c t io n  accompanied 

by f e v e r .  The i n i t i a l  r e a c t io n  was b e l ie v e d  to be m ediated  

by r e a g i n i c  a n t ib o d ie s  and the  more delayed  r e a c t i o n  by 

p r e o i p i t i n s .

FARMERS' LUKG AND SIMILAR DISEASES. This occu rred  

commonly in  fa rm ers  as a r e s u l t  of r e p e a te d  in h a l a t i o n  of  

d u s t  from mouldy hay and o th e r  v eg e tab le  m a t te r .  "Pigeon 

f a n c i e r s '  lung" o r  " b i r d  b re e d e rs '  lung" o cc u rred  as  a r e s u l t  

o f  i n h a l a t i o n  of d u s t o f  pigeon or b u d g e r ig a r  e x c re ta .  The 

th e r a p e u t ic  i n h a l a t i o n  of bovine or p o rc in e  p i t u i t a r y  s n u f f ,  

i n  p a t i e n t s  s u f f e r i n g  d ia b e te s  in s ip id u s ,  was a lso  found to  

produce th e  syndrome. Farm ers ' lung  a f f e c t e d  the  p e r ip h e ra l  

p a r t  o f  th e  r e s p i r a t o r y  system, i n t e r f e r i n g  w ith  gaseous 

exchange. The symptoms of coughing, dyspnoea and fe v e r  de­

ve loped  a t  v a ry in g  i n t e r v a l s  a f t e r  exposure to  the  a n t ig e n  

in v o lv e d . Pulmonary v e n t i l a t i o n  p e r fu s io n  and compliance 

v/as reduced .
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Dual s k in  r e a c t io n s  m ediated by r e a g in s  and p r é ­

c ip i to n s  were o b ta in ed  as in  pulmonary a s p e r g i l l o s i s .  In  

the  case o f  F a rm er 's  lung  p r e o i p i t i n s  a g a in s t  th e rm o p h il ic  

ac tinom yoetes , p a r t i c u l a r l y  Thermopolyspora p o ly sp o ra  ex­

t r a c t e d  from mouldy hay, were d e te c te d  in  the  s e r a  of 87 b̂ o f 

a f f e c t e d  in d iv id u a l s .  These a n t ig e n s  have been termed 

" f a r m e r 's  lung  hay a n t ig en s"  (FLH a n t ig e n s ) .  Skin t e s t s  in  

fa rm e rs '  lung  cases  were d e sc r ib ed  as u n s a t i s f a c t o r y  but 

in h a la t io n  o f  e x t r a c t s  o f  mouldy hay or Thermopolyspora 

p o ly sp o ra  produced symptoms a f t e r  5 o r  6 h o u rs . P r e o ip i t i n s  

were found in  the  s e ra  o f  I f ^  of in d iv id u a l s  exposed to  FLH 

a n t ig e n s  b u t no t s u f f e r in g  from the d is e a s e .

MDIATORS OF ALLERGIC REACTIONS IN HUlVlANS

B ro c k leh u rs t  ( 195^) found th a t  h is tam in e  and SRS-A 

were l i b e r a t e d ,  on exposure to  p o l le n  a l l e r g e n ,  in  

v i t r o  from p e r fu se d  lung  o b ta in ed  from an in d iv id u a l  

who was s e n s i t i v e  to  p o l le n .  In  vivo exposure to  p o l le n
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r e s u l t e d  in  an a t t a c k  of asthma in  t h i s  i n d iv i d u a l .

B ro c k leh u rs t  showed t h a t  human b ro n c h io le s  were more s e n s i t i v e

to  SRS-A than  were those  of any o th e r  s p e c ie s .  Also SRS-A 

in c re a s e d  the s e n s i t i v i t y  of t i s s u e s  to  h is ta m in e .  Rose

(1947) shov/ed t h a t  in d iv id u a l s  showing th e  a to p ic  form of

h y p e r s e n s i t i v i t y  were more than  norm ally  s e n s i t i v e  to  h is ta m in e .

These f in d in g s  suggested  t h a t  h is tam ine  and SRS-A might be

in v o lv ed  in  the m ed ia t io n  of a to p ic  r e a c t io n s  i n  humans.

A n tih is ta m in es  have been e x te n s iv e ly  u sed  in  the t r e a t ­

ment o f  asthma bu t t h e i r  e f f i c a c y  has been poor ( le a d in g  

a r t i c l e ,  L ancet, I9 6 8 ) .  Disodium crom oglycate was shovm to  

i n h i b i t  r e l e a s e  of  h is tam in e  and SRS-A from s e n s i t i s e d  human 

lung , in  v i t r o  (Sheard , K il l in g b a c k  and B l a i r ,  19&7 ) and to  

have a s p e c i f i c  i n h i b i t a r y  e f f e c t  on a n a p h y la c t ic  p ro cesses  

i n i t i a t e d  by r e a g in ic  a n t ib o d y -a n t ig e n  i n t e r a c t i o n s  (Cox, 19&7)' 

This drug was developed f o r  use i n  the  t r e a tm e n t  o f  asthm a. 

A ltounyan (I967) found t h a t  in h a l a t i o n  o f  disodium crom oglycate



- 182 "

in h ib i te d  immediate asthm atic  re a c t io n s  to inhaled  a l le rg e n  

and Howell and Altounyan ( 1967) rep o rted  s ig n i f i c a n t  c l i n i c a l  

improvement in  asthm atic  p a t i e n t s  t re a te d  by in h a la t io n  of 

disodium cromoglycate w ith iso p re n a lin e .  C o r t ic o s te ro id s  

were popular fob many years in  the trea tm ent of asthma. 

Schayer ( 1963) p o s tu la te d  th a t  a p h y s io lo g ica l  fu nc tion  of 

the g lu c o c o r t ic o id s  was to moderate the e f f e c t s  of induced 

h is tam ine. Weissman and Thomas ( 1962) found th a t  c o r t i c o ­

s te ro id s  had a p ro te c t iv e  e f f e c t  on lysosomes. This 

ex p la in e d ^ th e ir  a b i l i t y  to in h ib i t  Arthus type (Type I I I )  

r e a c t io n s .  Lysosomes were knoim to be l ib e ra te d  from 

polymorphonuclear leucocytes which, in  the e a r ly  s tages  of 

the Arthus r e a c t io n ,  ingested  and were destroyed by an tigen- 

antibody aggregates combined with an a c t iv a te d  component of 

complement.
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SUmîARY

Even in  humans, in  which the  im portance o f  hyper­

s e n s i t i v i t y  has been a s u b je c t  o f  i n v e s t i g a t i o n  f o r  many 

y e a r s ,  th e ra p y  of a l l e r g i c  r e a c t io n s  i s  n o t r e g u la r ly  

e f f e c t iv e #  There p e r s i s t s  a tendency to  assume th a t  

d is e a s e s  of an im als  a re  h y p e r s e n s i t iv e  in  o r ig in  i f  a s s ­

o c ia te d  changes in  b lood  and t i s s u e  c o n c e n tra t io n s  of 

h is tam in e  have been dem onstra ted  and, co n v e rse ly ,  t h a t  

the symptoms of such d is e a s e s  should  be m od if ied  by admin­

i s t r a t i o n  of  a n t ih is ta m in e s#  I t  i s  u n l ik e ly  t h a t  i d e n t i ­

f i c a t i o n  o f  th e  m ed ia to rs  of e x p e r im e n ta l ly  induced  ana­

p h y la x is  i n  c a t t l e  would le a d  to  g r e a t e r  th e r a p e u t ic  

success  in  v e t e r in a r y  than  has been ach ieved  i n  human 

medicine# However, in  i n v e s t i g a t i n g  a  r e a c t i o n  where 

sp e c ie s  v a r i a t i o n  i s  c o n s id e ra b le ,  advantage i s  to  be 

ga ined  from c a r ry in g  out experim en ta l p ro ced u res  on the 

same s p e c ie s  i n  which u l t i m a t e ly  d ia g n o s is  and th e rap y  of 

d is e a s e s  of h y p e r s e n s i t i v i t y  i s  intended#



SECTION I I

MATERIALS. JJB'JHODS AND RESULTS 

OF EXPERIMENTAL INVESTIGATIONS
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1 . THE NATURE OF ANAPHYLAXIS IN CATTLE AND THE CONDITIONS 

NECESSARY FOR ITS INDUCTION

MATERIALS AND IÆETHODS

ANIMALS. A y rsh ire ,  F r i e s i a n ,  A y rs h i re -c ro s s  and 

F r i e s i a n - c r o s s  ca lv es  aged 4 to  6 months and weighing 100 Kg, 

to  200 Kg. were purchased  from farms in  the  West of S co tla n d . 

These were housed and fed  a d i e t  o f  hay and c o n c e n tr a te s .  

N inety  p e rc e n t  o f  the  ca lv es  were c a s t r a t e d  m ales, 4/̂  e n t i r e  

.males and (f/o fem ales . Sex d i f f e re n c e s  were n o t found to  

a f f e c t  an a p h y lax is .

ANTIGENS. P ro te in s  fo re ig n  to  the bovine sp e c ie s  were 

used  as  a n t ig e n s .  These were albumen(egg) powder (The B r i t i s h  

Drug Houses L t d . ) ,  p u r i f i e d  egg albumin or ovalbumin (Grade 

I I I ,  e l e c t r o p h o r e t i c  p u r i ty  approx. 9^^ )̂ ( Sigma Chemical C o .) ,  

h o rse  albumin (Cohn f r a c t i o n  V) (Koch-Light L a b o ra to r ie s  L td . )  

and horse  serum. The eggj^powder, ovalbumin and horse  albumin 

were a d m in is te re d  as s o lu t io n s  in  s t e r i l e  s a l i n e .  Horse
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serum was o b ta in ed  from blood taken  under s t e r i l e  con­

d i t i o n s  from h e a l th y  h o rse s .  The blood was in c u b a te d  f o r  

4 h r .  a t  and f o r  a f u r t h e r  20 h r .  a t  room tem pera tu re

(ap p ro x im ate ly  20° c )  to  allow  c l o t t i n g  and r e t r a c t i o n  of 

the  c l o t  (Dacie and Lewis, I9 6 3 ) .  The serum ex truded  from 

the c l o t t e d  blood was removed by a s p i r a t i o n  and used  w ith in  

the n ex t hour. Horse serum co n ta in s  7*1 ( -  O.4) gm. p r o te in  

per 100 ml. (Jenn ings  and M ulligan , 1955)* U nless o the rw ise  

s t a t e d  s o lu t io n s  of a n t ig e n s  were i n j e c t e d  in t r a v e n o u s ly  and 

anim als were k ep t under o b se rv a tio n  fo r  a t  l e a s t  one hour 

fo l lo w in g  the  i n j e c t i o n .  When ad ju v an t was u sed  t h i s  was 

F re u n d 's  complete ad ju v an t (D ifco L a b o ra to r ie s )  which was 

e m u ls i f ie d  w ith  s o lu t io n s  o f  ovalbumin and i n j e c t e d  i n t r a ­

m u scu la r ly .

The an im als and a n t ig e n s  used in  a l l  experim ents  d es ­

c r ib e d  in  s e c t io n  I I  ( l  to  7) o f  t h i s  t h e s i s  were as des­

c r ib e d  above, u n le s s  o the rw ise  s t a t e d .
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SENSITISING DOSE

In  a p re l im in a ry  experim ent in v o lv in g  5 an im als , 

albumen egg powder was ad m in is te re d  a t  a dose r a t e  of 

25 ing/lCg. This was h a l f  the  dose used  by Thomlinson and 

Buxton (1965) to  s e n s i t i s e  p ig s .  Subsequen tly  a dose of  

15 mg/Kg. was found to  be e q u a l ly  e f f e c t i v e  and t h i s  dose 

of p u r i f i e d  ovalbumin was used  in  the 56 an im als  employed 

in  the  main i n v e s t i g a t i o n  of the c o n d i t io n s  n e c e ssa ry  f o r  

in d u c t io n  of  an ap h y lax is  in  c a t t l e .  S e n s i t i s a t i o n  was no t 

d e te c te d  fo l lo w in g  doses of  3 mg/Kg. bu t d e te rm in a t io n  of the 

minimum dose n e c e ssa ry  f o r  s e n s i t i s a t i o n  was n o t c a r r i e d  o u t .

In  5 o f  a t o t a l  o f  15 an im als , which r e c e iv e d  crude albumen 

egg powder, tachypnoea and coughing developed one to  2 min. 

a f t e r  a d m in is t r a t io n  o f  the s e n s i t i s i n g  i n j e c t i o n .  No such 

e f f e c t s  were produced by p u r i f i e d  ovalbumin, horse  albumin 

or horse  serum.
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DETERMINATION OF LATBUT PERIOD

a) OVALBUMIN

■ Twenty c a lv e s  re c e iv e d  a  s e n s i t i s i n g  dose o f  

15 mg/lCg. o f  ovalbumin by in trav e n o u s  i n j e c t i o n .  A f te r  an

i n t e r v a l  of 24 h r .^2 of th e se  were ch a llen g ed  by a d m in is t r a t io n  

of  a second in tra v e n o u s  i n j e c t i o n  o f  ovalbumin a t  the same 

dose r a t e .  A second p a i r  of ca lves  was ch a llen g ed  in  the 

same way on the  second day fo l lo w in g  the s e n s i t i s i n g  i n j e c t i o n  

and a t h i r d  p a i r  on the  t h i r d  day. This procedure  was con­

t in u e d  u n t i l  the seven th  day when bo th  c a lv e s  showed r e s ­

p i r a t o r y  d i s t r e s s  m an ife s ted  as predominance of abdominal 

r e s p i r a t o r y  movements, ex ten s io n  of the neck w ith  the  head 

h e ld  low and the  mouth open and g ru n t in g  on e x p i r a t io n .  As 

in d ic a t e d  in  Table 1 . 1  ̂ i n c re a se d  r e s p i r a t o r y  r a t e s  were 

observed  on ch a llen g e  as e a r ly  as 2 days a f t e r  the  s e n s i t i s i n g  

i n j e c t i o n  but an i n t e r v a l  o f  7 days was n e c e ssa ry  to  produce 

a r e a c t i o n  in v o lv in g  d e f i n i t e  dyspnoea as w ell as coughing.



NOTE: Assessment of S e v e r i ty  of Symptoms as  Shown

in  Tables 1 . 1 , 1 . 2 , 1 . 4 and 1 . 6 .

Tachypnoeaj r e s p i r a t o r y  r a t e  in c re a s e d  x >  2

Coughing: + +++ = o cc a s io n a l  —̂  f re q u en t

Dyspnoea: +++ = m ild  very  severe

C ollapse + « recumbent f o r  -< 30 sec .

++ = recumbent f o r  30 to  60 sec

+++ = recumbent fo r  " ^ 6 0  sec

Nasal D isc h a rg e ,)

L aoriraa tion , ): + +++ -  s l i g h t l y  in c re ase d .

S a l iv a t io n very  p ro fu se



EFFECTS OF CHALLENGE WITH OVALBUMIN AT DIFFERENT TIME INTERVALS 
TABLE 1.1 AFTER INITIAL INJECTION

I n t e r v a l C a lf SyaIp tom s

d a y s No. T a ch y p n o ea C o u g h in g D ysp n oea C o l la p s e N asa I 
D is c h a r g e

L a c r im a tio n S a l i v a t i o n

1 _

L
2

■

3 + + _

2
4 + + -

5 .

3
6 + -

7 + _

8 - - - - - -

9 +
5

10 + 4- 4- - ** - -

I I + 44- 4-H- 4 4 4
6

12 + 4-4- - - - - -

13 + 44-4- 444- 4 4 4 4 4 4 4
7 14 + 444- 44- 4 - 4 4 4 4

•15* + 4- 4-44 4 4 4 4 4 4 4 4 4
16 + 4-4- 4 4 4 4 4 4 4 4 4 4 4 4 4 4

17 + 44- 4 4 4 4 4 4 4

14 18 + 444- + - 4 4 4 4

19 + 444- 4 4 - - 4 4 4 4

21 20 + 4- •H* -F 4 4 4 4 4

*  D ied
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s a l i v a t i o n  and la c r im a t io n .  This was confirm ed on c h a l le n g in g  

a  f u r t h e r  p a i r  o f  ca lv es  7 days a f t e r  s e n s i t i s a t i o n .  In c re a s in g  

the time i n t e r v a l  between s e n s i t i s i n g  and c h a l le n g in g  in j e c t i o n s  

beyond 7 days d id  no t in c re a s e  the  s e v e r i t y  of th e  re sp o n se , 

the  outcome of which was f a t a l  i n  one anim al ch a llen g ed  on the  

sev en th  day. In  a l l  subsequent e x p e r im e n ts ^ in te rv a ls  o f  7 o r  

14 days between s e n s i t i s a t i o n  and cha llenge^and  of a t  l e a s t  7 

days between su c cess iv e  c h a l le n g e s  were u sed .

b) HORSK 3BRÜM

When ho rse  serum was u s e d 2̂ s e n s i t i s i n g  i n j e c t i o n s  

fo llow ed  by an i n t e r v a l  o f  no t l e s s  than  7 days were found to  

be n e c e s s a ry .  E ig h t ca lv es  r e c e iv e d  in tra v e n o u s  in j e c t i o n s  

of ho rse  serum a t  a dose r a t e  o f  15 mg. p r o te in  per Kg. body 

w eigh t. These an im als  d id  n o t show a n a p h y la c t ic  r e a c t io n s  

when th ey  r e c e iv e d  second i n j e c t io n s  of ho rse  serum, a t  the  

same dose r a t e ,  4 , 7 or 14 days l a t e r .  T h ird  i n j e c t i o n s  of 

t h i s  a n t ig e n  g iven  to  one animal 3 days a f t e r  the  second
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i n j e c t i o n  and to  an o th e r  4 days a f t e r  the second i n j e c t i o n  

produced no e f f e c t s .  However, r e a c t io n s  were produced in  

a l l  6 an im als which re c e iv e d  the  t h i r d  i n j e c t i o n  of horse  

serum 7 days a f t e r  th e  second i n j e c t i o n s .  These f in d in g s  

a re  summarised in  Table 1 . 2 .

c) HORSE ALBUIvlIH

Two anim als r e c e iv e d  horse  albumin in t r a v e n o u s ly  

a t  a dose r a t e  of 15 mg/Kg. weekly f o r  5 weeks. Anaphylaxis 

was no t induced on any o ccas io n . Each anim al subsequen tly  

showed a ty p i c a l  a n a p h y la c t ic  r e a c t io n  to  $.0  mg/Kg. o f  o v a l­

bumin a d m in is te re d  one wk. a f t e r  a s e n s i t i s i n g  i n j e c t i o n  of 

15 mg/Kg. o f  t h i s  p r o te in .

One animal r e c e iv e d  horse  albumin in t r a v e n o u s ly  a t  a dose 

r a t e  of 15 mg/Kg. fo llow ed  by $.0  mg/Kg. weekly f o r  th e  nex t 

2 wk. and 7*5 mg/Kg. f o r  2 f u r th e r  wks. A p o s i t iv e  r e a c t io n  

o cc u rred  only  on the f o u r th  occasion  of c h a l le n g e .
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SYIÆPTOiVlS OF ANAPHYLACTIC SHOCK

When a ch a llen g e  dose of  15 mg/Xg. ovalbumin was 

g iven  in t r a v e n o u s ly  7 days a f t e r  a s e n s i t i s i n g  dose of  15 

mg/Kg, ovalbumin^a severe  system ic  r e a c t i o n  was produced. 

W ith in  2 rain, of com pletion o f  the i n j e c t i o n  the  anim als 

c o l la p s e d  on to  t h e i r  s id e s .  The neck was ex tended and the  

le g s  made k ic k in g  movements. Nystagmus was shown and cyanosis  

o f  v i s i b l e  mucous membranes developed fo l lo w in g  p e r io d s  of 

apnoea l a s t i n g  10 to  50 sec . The anim als made v io le n t  r e s ­

p i r a t o r y  e f f o r t s  w ith  the mouth open and coughing o f te n  p ro ­

duced cream f ro th y  f l u i d  mixed w ith  b lood , o r  m outhfu ls o f  

b r ig h t  re d  b lood . In  2 cases  r e s p i r a t i o n  ceased  7 and 10 

min. r e s p e c t iv e ly  a f t e r  i n j e c t i o n  of the  a n t ig e n .  S u rv iv o rs  

showed l e s s  r e s p i r a t o r y  d i s t r e s s  a f t e r  5 to  10 m in . , r a i s e d  

t h e i r  heads and rem ained in  s t e r n a l  recumbency f o r  a f u r t h e r  

10 to  15 min. then  s tood  up. S a l iv a ry ,  n a s a l  and la c r im a l  

s e c r e t io n s  were p ro fuse  and the  sk in  of  the muzzle and mucous
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membranes showed c o n g e s tio n . One animal c o l la p s e d  f o r  a 

second time a f t e r  I5 m in . , w ith  b lo o d - s ta in e d  cream f ro th y  

f l u i d  s tream ing  from the  n o s t r i l s .  This animal showed i n ­

c r e a s in g ly  severe  dyspnoea and d ied  a f t e r  25 min. D epression  

and dyspnoea was e v id e n t  f o r  50 to  40 min. fo l lo w in g  the 

i n j e c t i o n  in  most an im als . They s tood  w ith  th e  neck ex tended , 

head low, mouth open and tongue p ro tru d in g .  Abdominal r e s ­

p i r a t o r y  movements were marked and g ru n t in g  accompanied each 

e x p i r a t io n .  R e c ta l  tem pera tu re  d id  n o t r i s e  by more than  l^C. 

C o n tra c t io n s  of the  rumen were suppressed  d u r in g  the phase 

o f  dyspnoea and moderate tympany of the  rumen was sometimes 

seen . Four anim als on d i f f e r e n t  occas io n s  showed evidence 

o f  p r u r i t i s ,  a t te m p tin g  to  s c r a tc h  t h e i r  e a r s ,  l i c k in g  t h e i r  

muzzles and ru b b in g  them selves a g a in s t  the  s id e s  of t h e i r  pens. 

In  3 o f  th e se  an im als t h i s  symptom was shown only  once, a l th o u g h  

each was ch a llen g ed  on a t  l e a s t  6 o c c a s io n s .  The fo u r th  

animal showed p r u r i t i s  every  time i t  was ch a lle n g ed . One t h i r d
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of a l l  the  anim als ch a llen g ed  showed a v a r ia b le  degree o f  

trem b lin g . With 5 ex c ep tio n s  anim als appeared  to  have r e ­

covered  com plete ly  w i th in  2 h r .  One anim al d ied  a f t e r  showing 

dyspnoea f o r  30 h r .  a f t e r  c h a l le n g e ,  3 showed s l i g h t  dyspnoea 

fo r  48 h r .  a f t e r  ch a llen g e  bu t reco v e red  and one was k i l l e d  

w ith  a humane k i l l e r  when s t i l l  s e v e re ly  d ep ressed  and showing 

no r e d u c t io n  i n  r e s p i r a t o r y  d i s t r e s s  a f t e r  48 h r .

The s e v e r i t y  o f  the  r e a c t io n  v a r ie d  in  r e l a t i o n  to  the  

c h a lle n g e  dose. Animals r e a c t in g  l e s s  s e v e re ly  showed l e s s  

r e s p i r a t o r y  d i s t r e s s  and u s u a l ly  d id  no t c o l la p s e .  S ta g g e r in g  

and in c o o rd in a t io n  were f re q u e n t ly  seen . The minimal r e s ­

p i r a t o r y  changes reco rd ed  as a p o s i t iv e  r e a c t io n  were abdominal 

r e s p i r a t o r y  movements and in c re a se d  r e s p i r a t o r y  r a t e .

The symptoms o f  anaphy lax is  a re  summarised in  Table 1 . 3» 

under the heading  " r e g u l a r " , " f re q u en t"  and " o c c a s io n a l" .  

Assessment o f  the s e v e r i ty  of the r e a c t io n  was based on those  

symptoms which o ccu rred  r e g u la r ly ,  w ith  the  ex cep tio n  of



TABLE 1. ?

SYIÆPTOMS OF ANAPHYLAXIS IN CATTLE

R egular Frequent O ccasional

Tachypnoea C ollapse Trembling

Dyspnoea Nasal d ischarge P r u r i t i s

Coughing L acrim ation Ruminai tympany

D epression C o n ju n c tiv a l co nges tion Sneezing

S a l iv a t io n D efaeca tion

U rin a t io n
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d e p re s s io n  which v^as a s u b je c t iv e  o b s e rv a t io n ,  and those  

which occu rred  f r e q u e n t ly .  Tachypnoea was reco rd ed  i f  the  

r e s p i r a t o r y  r a t e  doubled. Dyspnoea ranged in  s e v e r i t y  from 

obvious abdominal r e s p i r a t o r y  movements w ith  h a rsh e r  b ro n c h ia l  

r e s p i r a t o r y  sounds than  normal (+ ) ,  th rough  e x p i r a to ry  g ru n t in g  

(++) to  open-mouthed gasp ing  (+++). In  m ild  r e a c t io n s  coughing 

was n o n -p ro d u c tiv e  w hile  in  severe  r e a c t io n s  coughing produced 

f l u i d  and b lood . High p i tc h e d  ronch i were heard  on a u s c u l t a t io n  

of  th e  c h e s t  of m ild ly  a f f e c t e d  an im als . In  a d d i t io n  f l u i d  

r â l e s  were marked in  s e v e re ly  a f f e c t e d  c a se s .

The time o f  o n se t  o f  the r e a c t io n  was measured as the 

time from com pletion  of the i n j e c t i o n  u n t i l  th e  appearance of 

the  f i r s t  symptoms. This time in t e r v a l  ranged  from 15 to  120 

s e c .  The d u ra t io n  o f  the r e a c t io n  was measured as the time 

from the  o n se t  o f  the  symptoms u n t i l  symptoms were no lo n g er  

p r e s e n t .  Tachypnoea was judged to  be ab sen t  when the r e s p i r a t o r y  

r a t e  had r e tu r n e d  to  the  p r e in j e c t i o n  value and a d v e n t i t io u s
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r e s p i r a t o r y  sounds were no lo n g er  d e t e c t a b le .  The d u ra t io n  

of  r e a c t io n s  ranged from 10 to  120 min. w ith  the  ex cep tio n  

o f  th e  5 in s ta n c e s  d e s c r ib e d  above.

A symptom o f  more delayed  o n se t  was d ia r rh o e a .  This 

developed 48 to  72 h r .  a f t e r  cha llenge  and p e r s i s t e d  fo r  

48 to  72 h r .

DETERMINATION OF A SUITABLE CHALLENGE DOSE

Challenge by in tra v e n o u s  a d m in is t r a t io n  o f  15 mg/Kg. 

o f  ovalbumin, which was the  dose used  fo r  s e n s i t i s a t i o n ,  

r e s u l t e d  in  severe  r e s p i r a t o r y  d i s t r e s s  i n  a l l  56 anim als 

and i n  d ea th  in  5 o f  the  anim als which r e c e iv e d  t h i s  dose.

In  o rd e r  to  determ ine th e  minimum e f f e c t i v e  ch a llenge  dose 

6 an im als r e c e iv e d  doses of ovalbumin ra n g in g  from 0 .5  to  

15 mg/Kg. As summarised in  Table 1 . 4^the  3 an im als ch a llen g ed  

w ith  a dose of 0 .5  mg/Kg. showed only coughing and tachypnoea. 

One o f  the  3 c o l la p se d  bu t got to  h i s  f e e t  a g a in  in  l e s s  

than  30 se c .  Doses of 1 .0  mg/Kg. and 1.25  mg/Kg. produced
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s l i g h t  dyspnoea, tachypnoea, o cc as io n a l  coughing, c o l la p se  

fo r  l e s s  than  $0 sec .  and s l i g h t  n a s a l  d isc h a rg e  i n  the 

anim al r e c e iv in g  each dose. A ll 6 anim als showed more marked 

symptoms when a dose of 1 .5  mg/lCg. was u se d . This dose was 

taken  as  be ing  the  minimum e f f e c t iv e  ch a llen g e  dose and in  

subsequent experim ents doses ran g in g  from 1 .5  mg/hg. to  15 

mg/Kg. were used .

GROUPING OF ANIMALS

The numbers of  an im als  used  in  th e  above experim ents 

a re  summarised in  Table 1. 5* Twenty an im als  were used  to  

determ ine the  l a t e n t  p e r io d  fo r  h y p e r s e n s i t i v i t y  to ovalbumin 

to  deve lop . B ight o f  th e se  were su b se q u en tly  used  to determ ine 

the  l a t e n t  p e r io d  f o r  h y p e r s e n s i t i v i t y  to  horse  serum to 

deve lop . Three an im als r e c e iv e d  horse  albumin and a group 

of 6 was used  to  determ ine the  minimum ch a llen g e  dose. A 

t o t a l  o f  36 an im als were s e n s i t i s e d  by in tra v e n o u s  in j e c t i o n s  

as d e s c r ib e d  above.



m

S
;

00 en

•H

pH
u

iH iH m m

4-1

4 J



1 9 6

CHALLENGE Off ANIIVIALS SENSITISED TO TWO M ^ l O m S

Two an im als , s e n s i t i s e d  to  both  ovalbumin and horse  

serum, were cha llenged  by in trav en o u s  i n j e c t i o n s  o f  horse  

serum to  which they  r e a c te d  t y p ic a l ly .  When cha llenged  24 

h r .  l a t e r  w ith  ovalbumin, they  r e a c te d  m inim ally , showing 

on ly  an in c re a se  i n  r e s p i r a t o r y  r a t e  w ith  abdominal r e s ­

p i r a t o r y  movements. In  one case , 20 min. a f t e r  i n j e c t i o n  

of  ovalbumin ,cutaneous l e s io n s  became v i s i b l e  on the head 

and neck. These were c i r c u l a r ,  f irm , r a i s e d ,  free ly -m oveab le  

sw e ll in g s  5 to  55 in  d iam ete r. A f te r  J>0 min. s im i la r  

l e s io n s  appeared  on the  body and the le g s .  They d id  n o t 

seem to  cause the animal any d isco m fo rt .  They were s t i l l  

p a lp ab le  bu t n o t v i s i b l e  a f t e r  15 h r .  and were no longer  

p a lp a b le  a f t e r  18 h r .  When the  above i n j e c t i o n  procedure 

was re p e a te d ,  u s in g  the same anim als the  r e s u l t s  were con­

f irm ed , the sk in  r e a c t io n s  being  shown only  by the same 

animal as b e fo re .  I n j e c t io n  of ovalbumin a lone 7 days l a t e r  

d id  n o t produce these  cutaneous r e a c t io n s  but severe  r e s p i r a t o r y  

d i s t r e s s  and o th e r  r e g u la r  f e a tu r e s  of an ap h y lax is  o ccu rred .
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CHALLENGE BY ROUTES OTHER THAN INTRAVENOUS

A d m in is tra t io n  of ovalbumin subcu taneous ly  to  2 and 

in t r a m u s c u la r ly  to  4 s e n s i t i s e d  c a lv e s ^ a t  the  same dose 

r a t e  as  t h a t  p roducing  r e a c t io n s  when g iven  in t ra v e n o u s ly ,  

produced no e f f e c t s .

SENSITISATION USING FHEHND'8 ADJUVANT

S ix  ca lv es  were s e n s i t i s e d  u s in g  the  techn ique  d e sc r ib e d  

by Dungworth (1965) .  These were g iven 8 s e r i a l  in tra m u sc u la r  

i n j e c t i o n s  a t  weekly i n t e r v a l s ,  of 250 mg. ovalbumin as  a  

s o lu t io n  in  s a l in e  e m u ls if ie d  w ith  5 ml. complete F re u n d 's  

a d ju v a n t .  These anim als were ch a llen g ed  by in tra v e n o u s  i n ­

j e c t i o n  o f  ovalbumin a t  i n t e r v a l s  a f t e r  com pletion  o f  the  

s e n s i t i s a t i o n  co u rse .  As shown in  Table 1. 6^a l l  6 r e a c te d  

s e v e re ly  to  r e l a t i v e l y  sm all ch a llenge  d o ses . R e ac tio n s  were 

produced by as l i t t l e  as O.O5 mg/Xg. Animals s e n s i t i s e d  by 

an in tra v e n o u s  i n j e c t i o n  of  a n t ig e n  r e q u i r e d  ch a llenge  doses 

o f a t  l e a s t  1 .5  mg/Kg. Two anim als showed r e s p i r a t o r y  d i s t r e s s
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and s ig n s  o f  i r r i t a t i o n  o f  the  SKin a f t e r  the  seven th  

in tra m u sc u la r  i n j e c t i o n  of a n t ig e n  and F re u n d 's  ad ju v an t.

These symptoms l a s t e d  f o r  approx im ate ly  I 5 min. One animal 

(No. 69 ) s e n s i t i s e d ,  l i k e  the  o th e r s ,  by i n j e c t i o n s  o f  

ovalbumin and F re u n d 's  ad ju v an t was i n j e c t e d  in t r a v e n o u s ly  

w ith  0*3 nig/iCg. horse  albumin. T h is , a s  shown in  Tablel,6, 

produced a severe  r e a c t io n .  Animals s e n s i t i s e d  by in trav e n o u s  

i n j e c t i o n  of ovalbumin w ithou t F re u n d 's  a d ju v an t showed no 

response  to  the  in tra v e n o u s  i n j e c t i o n  o f  I .5  mg/Kg. horse 

album in. I t  appeared  t h a t  the use o f  ad ju v an t r e s u l t e d  in  

a l e s s  s p e c i f i c  s e n s i t i s a t i o n .  Firm, a p p a re n t ly  p a in le s s ,  

sw e l l in g s  developed a t  the s i t e s  o f  in tra m u sc u la r  i n j e c t io n s  

o f  a n t ig e n  and ad ju v an t em ulsion. These p e r s i s t e d  fo r  3 to  

4 wk. r e g r e s s in g  slow ly .
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2. mm PHYSIOLOGICAL. HAStlATOLOGICAL AMD PATHOLOGICAL 

CHANGES OCCTORIWG DURING ANAPHYLAXIS

a) PHYSIOLOGICAL

MATERIALS AMD METHODS

P h y s io lo g ic a l  param eters  were measured in  

a n a e s th e t i s e d  an im als . Food was w ith e ld  from th e se  anim als 

f o r  48 h r .  p r io r  to  a n a e s th e s ia  i n  o rder  to  reduce th e  r i s k  

o f  rum inai tympany, r e g u r g i t a t i o n  and i n h a l a t i o n  of  rum inai 

c o n te n ts .  In d u c tio n  of a n a e s th e s ia  was ach ieved  by i n t r a ­

venous i n j e c t i o n  of sodium p en to b arb ito n e  (Abbott L t d . ) as 

a  6̂ 0 s o lu t io n  a t  a dose r a t e  of 14 mg/Kg. Animals were main­

ta in e d ,  f o r  th e  3 to  4 h r .  f o r  which the  experim ents  l a s t e d ,  

in  th e  second p lane of  the  t h i r d  s tag e  of a n a e s th e s ia .  This 

medium dep th  o f  a n a e s th e s ia  was c h a r a c te r i s e d  by c e n t r a l  f i x a t i o n  

o f the  e y e b a l l ,  r e g u la r  thoraco-abdorainal r e s p i r a t i o n  and 

absence of the p ed a l ,  p a lp e b ra l ,  c o n ju n c t iv a l  and co rn ea l 

r e f l e x e s .  Sodium p en to b a rb ito n e  was a d m in is te re d  to  e f f e c t
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d u r in g  the  experim ents when l ig h te n in g  of a n a e s th e s ia  was 

d e te c te d  on t e s t i n g  o c u la r  r e f l e x e s .  The average t o t a l  

dose o f  sodium p e n to h a rb itan e  ad m in is te re d  to  l6  anim als 

was 30 mg/Kg. At the  conc lus ion  of each experim ent which 

d id  n o t in v o lv e  a f a t a l  r e a c t io n  the animal was k i l l e d  by 

an a d d i t io n a l  dose o f  20 mg/Kg. sodium p e n to b a rb i to n e .

Tracheotomy was c a r r ie d  out to  a llow  i n s e r t i o n  of an 

e n d o tra ch ea l  tube which was a t ta c h e d ^ v ia  a F le is o h  pneumo­

tachograph  (Metabo E palinges Lusanne)^ to  a  d i f f e r e n t i a l  

p re s su re  tra n sd u c e r  ( th e  I n f r a  Red Development Co., L td .)  

to  measure a i r  flow . This was reco rd ed , as were a l l  o th e r  

param ete rs  measured, on the h e a t  s e n s i t iv e  paper of a m u l t i ­

channel p h y s io lo g ic a l  pen re c o rd e r  (Type M8 D evices, L t d . ) .  

From the  re c o rd  o b ta in ed  r e s p i r a t o r y  r a t e  could  be re a d .  

R e s p i r a to ry  minute volume was measured over a l t e r n a t e  30 

s e c .  p e r io d s  by means of  a W rig h t ' s r e s p iro m e te r  ( B r i t i s h  

Oxygen Co., L td . )  a t ta c h e d  to  the F le is o h  tube (F ig . 2. l )
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or measured co n t in u o u s ly  by means of  an i n t e g r a t o r  (Devices 

L td .)*  The in p u t  to  the  pen re c o rd e r  from the d i f f e r e n t i a l  

p re s su re  t ra n s d u c e r  was passed  to  the  i n t e g r a t o r  as  shown in  

F ig .  2. 1. Volumes were in te g r a te d  over 10 sec .  e i t h e r  on 

i n s p i r a t i o n  or on e x p i r a t io n .  This in  tu rn  was reco rd ed  by 

means of  the  p h y s io lo g ic a l  pen re c o rd e r .  The i n t e g r a t o r  was 

c a l i b r a t e d  p r i o r  to  each experim ent by means of the V/right*s 

r e s p i ro m e te r .

H ea rt r a t e  was measured by a N eilson  in s ta n ta n e o u s  

h e a r t  r a t e  m eter (Devices L td . )  d r iv en  by a s ig n a l  from an 

e le c t ro c a rd io g ra p h  (Devices L td .)  u s in g  s ta n d a rd  limb le a d  I I .

System ic blood p re s su re  was measured from a cannula 

in tro d u c e d  in to  a c a r o t id  a r t e r y  and connected  to  a Stathara 

s t r a i n  guage p re s su re  t ra n s d u c e r ,  c a l i b r a t e d  p r io r  to  each 

experim ent by means of a mercury manometer. Pulmonary b lood  

p re s s u re  was measured in  the  same way a f t e r  c a t h e t e r i s a t i o n  

of  the  pulmonary a r t e r y .  To reach  t h i s  a r t e r y  a c a th e te r
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was i n s e r t e d  i n  a j u g u la r  v e i n  and i n s e r t i o n  c o n t in u e d  

u n t i l  a  l e n g t h  o f  c a t h e t e r  a p p r o x im a te ly  e q u a l  t o  th e  

d i s t a n c e  b etw een  th e  p o in t  o f  i n s e r t i o n  i n  th e  n eck  and  

th e  t h i r d  r i b ,  had b een  p a s s e d  i n t o  th e  v e i n .  The c a t h e t e r  

v/as th e n  ju d g ed  t o  have r e a c h e d  th e  r i g h t  a tr iu m  or th e  

r i g h t  v e n t r i c l e  o f  th e  h e a r t .  E x a m in a tio n  o f  th e  form  

and m agn itu d e o f  th e  p r e s s u r e  b e in g  r e c o r d e d  a l lo w e d  

d e t e c t i o n  o f  p a s s a g e  o f  th e  c a t h e t e r ,  on f u r t h e r  i n s e r t i o n ,  

from  th e  r i g h t  v e n t r i c l e  i n t o  th e  pulm onary a r t e r y .  F i g .

2 . 2 shows a r e c o r d i n g  o b t a in e d  when th e  c a t h e t e r  was f i r s t  

i n  t h e  r i g h t  v e n t r i c l e  and th e n  i n  th e  pulm onary a r t e r y .  In  

e v e r y  c a s e . t h e  p o s i t i o n  o f  th e  c a t h e t e r  was ch eck ed  by p o s t  

mortem e x a m in a t io n .  F a i l u r e  t o  c a t h e t e r i s e  th e  pulmonary  

a r t e r y  vfas due, i n  t h o s e  c a s e s  where t h i s  o c c u r r e d ,  to  

c o i l i n g  o f  th e  c a t h e t e r  i n  th e  r i g h t  a tr iu m .  The c a t h e t e r s  

and c a n n u la e  u s e d  were o f  p o ly th e n e  or n y lo n  ( P o r t e x  L t d . )  

o f  e x t e r n a l  d ia m e te r  2 to  5 mm.. These w ere f i l l e d  w i th  

a n t i c o a g u l a n t  h e p a r in  s o l u t i o n  (B o o ts  Pure Drug Co . )  c o n t a in i n g
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1,000  u n i t s  p e r  ml. b e fo re  i n s e r t i o n  in to  the  b lood  

v e s s e l s .  A ll drugs were a d m in is te re d  th ro u g h  a  cannu la  

i n s e r t e d  in to  a r e c u r r e n t  t a r s a l  v e in  and, im m edia te ly  

fo l lo w in g  a d m in is t r a t io n  o f  each drug, 5 ml. o f  s a l in e  

c o n ta in in g  10 u n i t s  o f  h e p a r in  per  ml. was i n j e c t e d .  

I n j e c t i o n s  were c a r r i e d  ou t a t  a r a t e  o f  ap p rox im ate ly  

0 ,5  ml, p e r  s e c .  A ntigens were a d m in is te re d  i n  th e  form 

o f  55̂  s o lu t io n s  w ith  the  e x c ep tio n  o f  h o rse  serum which 

was ap p ro x im a te ly  e q u iv a le n t  to  a s o lu t i o n  o f  p r o t e i n .  

Animals th e r e f o r e  r e c e iv e d  i n j e c t e d  a n t ig e n  a t  r a t e s  o f  

ap p ro x im a te ly  25 mg. o r  55 mg. per  sec .

RESULTS

Ovalbumin was a d m in is te re d  to  5 a n a e s th e t i s e d  anim als 

i n  doses r a n g in g  from 7*5 mg/Xg. to  100 mg/Xg. Of th e se  

one anim al was u n s e n s i t i s e d ,  never  hav ing  been exposed 

p re v io u s ly  to  ovalbumin, one had been s e n s i t i s e d  u s in g  

F re u n d 's  a d ju v a n t  and the  rem ain ing  5 had been s e n s i t i s e d
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by in tra v e n o u s  i n j e c t i o n s  o f  ovalbumin w ith o u t F re u n d 's  

a d ju v a n t .  Horse serum (1 2 .5  mg/Xg.) was a d m in is te re d  to  

one an im al, s e n s i t i s e d ,  w ith o u t F re u n d 's  a d ju v a n t ,  to  t h i s  

a n t ig e n .  The ch a lle n g e  dose of a n t ig e n  u sed  and i t s  e f f e c t s  

i n  each case a re  summarised in  Table 2. 1. The time of 

o n se t  o f  th e  r e a c t io n  was measured as the  time i n t e r v a l  

between commencement o f  a d m in is t r a t io n  of a n t ig e n  and mani­

f e s t a t i o n  of the  f i r s t  changes in  r e s p i r a t o r y ,  b lood p re s s u re  

o r  h e a r t  r a t e  r e c o rd s .  The d u ra t io n  o f  th e  r e a c t io n  was 

measured as  the  time from o n se t  o f  th e se  changes u n t i l  the  

r e s p i r a t o r y  and c a rd io v a s c u la r  param ete rs  had r e tu r n e d  to  

p r e i n j e c t i o n  l e v e l s  o r ,  in  f a t a l  r e a c t i o n s ,  u n t i l  d ea th  

supervened . Apnoea, as reco rd ed  in  Table 2. 1, was the 

lo n g e s t  p e r io d  d u r in g  which no r e s p i r a t i o n  o cc u rred .

Changes i n  minute volume, system ic and pulmonary b lood 

p r e s s u re s  and h e a r t  r a t e r a s  reco rd ed  i n  Table 2. l^were the  

maximum changes measured, ex p ressed  as  p e rc e n ta g e s  of p r e -  

i n j e c t i o n  v a lu e s .



Table 2,  1.

EFFECTS OF CHALLENGE ON ANAESTHETISED CALVES

NOTE. The re c o rd e d  change in  minute volume accompanying 

apnoea was determ ined  by th e  method used  to  measure minute 

volume. Where t h i s  was m easured, over a l t e r n a t e  30 se c .  

p e r io d s  by means o f  a r e s p i ro m e te r ,  the  r e d u c t io n s  were 

r e c o rd e d  as 100^ on ly  where apnoea l a s t e d  f o r  a t  l e a s t  30 

s e c .  w h ile  r e s p i r a t o r y  volume was b e ing  m easured, \fhere 

the  r e s p i r a t o r y  t i d a l  volume vras i n t e g r a t e d  over 10 sec , 

p e r io d s ,  r e d u c t io n s  of  lOÔ o in  minute volume were re co rd e d  

when apnoea l a s t e d  f o r  10 se c ,  or lo n g e r .
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The u n s e n s i t i s e d  animal showed no change in  any of the  

p a ram ete rs  measured when i t  was s u b je c te d  to  a dose o f  20 

lüg/Kg. o f  ovalbumin. S e n s i t i s e d  an im als e x h ib i t e d  changes 

10 to  100 se c .  a f t e r  commencement of  a d m in is t r a t io n  of  the  

a n t ig e n .  There was s im ultaneous o n se t  o f  apnoea, system ic 

hy p o te n s io n  and pulmonary h y p e r te n s io n .  Apnoea p e r s i s t e d  

f o r  30 to  90 sec .  and was accompanied by f a l l s  o f  15?5 to  

lOC^ in  minute volume. This was fo llow ed  by in c re a s e d  

minute volume b e fo re  r e t u r n  to  the  p r e i n j e c t i o n  volume in  

n o n - f a t a l  r e a c t i o n s .  Animals which d ie d  showed re c u r re n c e  

of apnoea 1 to  2 min. a f t e r  the  i n i t i a l  p e r io d  o f  apnoea, 

making i r r e g u l a r  g asp ing  r e s p i r a t o r y  e f f o r t s  b e fo re  d ea th .  

System ic b lood p re s s u re s  f e l l  r a p id ly  by 40^  ̂ to  lOÔ /o w i th in  

10 se c .  r e tu r n in g  to  p r e in j e c t i o n  l e v e l s  i n  n o n - f a ta l  cases  

a f t e r  3 to  5 min. Pulmonary blood p r e s s u r e s  ro se  w i th in  10 

se c .  by 50̂ 0 to  233^. This r i s e  was no t s u s ta in e d .  A f te r  30 

se c .  pulmonary a r t e r i a l  p re s s u re s  f e l l  to  p r e in j e c t i o n  l e v e l s .
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A fte r  one to  3 min. a secondary r i s e  in  pulmonary p re s su re  

occu rred  in  4 o f  6 an im als , f a l l i n g  aga in  more slow ly over 

one to  2 min.

H eart r a t e  was no t reco rd ed  in  a l l  c a se s  bu t f e l l  by 

1^0 and 33./i r e s p e c t iv e ly  in  th e  2 cases  in  which i t  was 

measured, r e tu r n in g  to  normal i n  the n o n - f a t a l  case a f t e r  

30 sec .

F a t a l  r e a c t io n s  occu rred  in  2 of the  6 anim als cha llenged , 

One of those  which d ied  was the one animal s e n s i t i s e d  u s in g  

F re u n d 's  ad ju v an t and the cha llenge  dose o f  ovalbumin which 

r e s u l t e d  in  dea th  a f t e r  8 rain, was 7*5 mg/Kg. This dose con­

s i s t e n t l y  produced n o n - f a ta l  r e a c t io n s  in  conscious anim als 

s e n s i t i s e d  w ithou t the  a d ju v a n t .  Doses o f  12 .5  mg/Kg. and 

of 100 mg/Kg. i n  one anim al, produced n o n - f a t a l  r e a c t io n s  in  

a n a e s th e t i s e d  anim als s e n s i t i s e d  w ithou t th e  a d ju v a n t .  The 

o th e r  animal which d ied  d id  so a f t e r  r e c e iv in g  2 doses of 

12.5  mg/Kg. o f  ovalbumin se p a ra te d  by an i n t e r v a l  o f  12 min.
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S ystem ic  b lood  p r e s s u r e  was f a l l i n g  when th e  second 

i n j e c t i o n  was g iv e n .  Death o c c u rre d  min. a f t e r  admin­

i s t r a t i o n  o f  th e  second i n j e c t i o n .

When a second  dose o f  a n t ig e n ,  eq u a l to  th e  f i r s t ,  

was g iv en  to  3 an im als  when a l l  p a ram e te rs  had r e tu r n e d  to  

p r e i n j e c t i o n  l e v e l s  no changes were found to  o c c u r .  These 

i n j e c t i o n s  were g iv en  15 to  30 min. a f t e r  a d m in i s t r a t i o n  

o f  th e  i n i t i a l  c h a l le n g in g  i n j e c t i o n s .

The r e c o r d s  o b ta in e d  d u r in g  a n o n - f a t a l  r e a c t i o n  in  

an im al No. 36220 a r e  shown i n  F ig .  2 . 5» Those o b ta in e d  

d u r in g  th e  f a t a l  r e a c t i o n  in  an im al No. 39550 a re  shown i n  

F ig .  2. 4* The b lood  p r e s s u re  r e c o r d in g  was i n t e r r u p t e d  

as  shown i n  F ig .  2. 4 i n  o rd e r  to  sample b lo o d  from the  

ca n n u la  i n  th e  c a r o t i d  a r t e r y .
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Td) HmtATOLOSICAL

MATligllAIiS AMD I.ffiiTHOPS

Samples of b lood f o r  haem ato log ica l exam ination  were ob­

ta in e d  in  conscious anim als from the  ju g u la r  and in  a n a e s th e t i s e d  

anim als from the r e c u r r e n t  t a r s a l  v e in .  These were taken  in to  

b o t t l e s  c o n ta in in g  the  a n t ic o a g u la n t  e th y len e  diamine t e t r a c e t i c  

a c id  (EDTA) ( l  to  2 mg per  ml b lo o d ) .  The packed c e l l  volume 

(PGV) was measured by the  techn ique of F is h e r  ( I 962) u s in g  the  

Hawksley h a e m a to c r i t .  The t o t a l  e ry th ro c y te s  (RBG) and t o t a l  

le u c o c y te s  ( \ W C )  per cu. mm., were counted by an e l e c t r o n ic  

p a r t i c l e  coun te r  ( c o u l t e r  co u n te r ,  Model ’*B"̂  (C righ ton , I 969) .

A d i f f e r e n t i a l  leu co cy te  count was c a r r i e d  ou t acco rd ing  to  the 

method advocated  by Dacie and Lewis ( 1965)*

Samples of  b lood were taken  befo re  and 5 min. a f t e r  i n j e c t i o n s  

o f  a n t ig e n  s o lu t io n s  or  s a l i n e .  Samples were taken  from some 

anim als on more than  one occasion  of ch a l le n g e .  The numbers of 

such anim als appear tw ice in  Table 2. 2.
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The s e v e r i ty  of r e a c t io n  was a s se sse d  by o b se rv a t io n  of r e s ­

p i r a t o r y  d i s t r e s s  and o th e r  symptoms as d e s c r ib e d  in  S e c t io n  I I .  1.

RESULTS

The r e s u l t s  of t o t a l  and d i f f e r e n t i a l  TOC counts and PCV 

are  shown i n  Table 2. 2 to g e th e r  w ith  the mean and s tan d ard  

e r r o r  (SE) f o r  each o f  the 5 groups of c a t t l e ,  namely c o n t ro ls ,  

those  which r e a c te d  s e v e re ly  ( > + )  and those  which re a c te d  m ild ly  

(+^+), The changes a s s o c ia te d  w ith  i n j e c t i o n  of a n t ig e n  or s a l i n e ,  

in  t o t a l  'TOG, percen tage  of n e u t ro p h i l s ,  pe rcen tage  of lymphocytes 

and PGV a re  expressed  as percen tages  o f  th o se  va lu es  befo re  

c h a l le n g e .  Changes in  p e rcen tag es  of e o s in o p h i ls  a re  excluded 

as th e  sm all numbers of  th e se  c e l l s  counted give m is lea d in g ly  

h ig h  p e rce n t  changes. The s ig n i f ic a n c e  o f  the  changes was a s se s sed  

fo r  each group by the  t  t e s t  f o r  small samples (B an c ro f t ,  19^5)*

The mean d i f f e re n c e  and SE between haem ato log ica l va lues  b efo re  and 

a f t e r  ch a llen g e  a re  shown in  Table 2 ,3  w ith  the  va lues  of  t  and p.

A f te r  anaphy lax is  TOG counts were found to  f a l l ,  due l a r g e ly  

to  n e u tro p e n ia ,  and PGV to  r i s e .  The s e v e r i t y  of the  r e a c t io n  was
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r e l a t e d ,  a s  d e s c r ib e d  in  S e c t io n  I I .  1, to  th e  cha llenge  dose 

of a n t ig e n  and was r e f l e c t e d  in  the  magnitude of the haem ato log ica l 

changes. The f a l l  in  WBC count was l e s s  than  where r e a c t io n s  

were m ild  and, w ith  one excep tion  (No. 41046)^over 45̂ y when very- 

severe  (+++). The change in  t o t a l  WBC was h ig h ly  s i g n i f i c a n t  in  

th e  group showing severe  r e a c t io n s  and s i g n i f i c a n t  i n  those  

r e a c t in g  m ild ly .  The changes in  n e u t ro p h i l s  and lymphocytes were 

a ls o  h ig h ly  s i g n i f i c a n t  in  the  s e v e re ly  r e a c t in g  group but n e i th e r  

was s i g n i f i c a n t  in  those  r e a c t in g  m ild ly .  This was p a r t l y  due 

to  the  f a c t  t h a t  i n  one case (No. 355^6) the  percen tage  of n e u t ro ­

p h i l s  was in c re a se d  and lymphocytes reduced  fo llo w in g  c h a lle n g e .

The animal n e v e r th e le s s  showed a sm all f a l l  i n  t o t a l  WBC. The 

change in  PGV was h ig h ly  s i g n i f i c a n t  in  th e  group which re a c te d  

s e v e re ly  bu t in  those  showing m ild r e a c t io n s  i t  was not s i g n i ­

f i c a n t .  Tvfo anim als i n  the  l a t t e r  group showed reduced PGV a f t e r  

ch a llen g e  and in  one animal PCV was unchanged. The c o n t ro l  group 

showed no s i g n i f i c a n t  changes in  any of th e  param eters  measured, 

fo l lo w in g  i n j e c t i o n  of s a l i n e .
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ô) PATHOLOGICAL

MATERIALS AND jMBTHODS

Animals, which s u f fe re d  f a t a l  r e a c t io n s  o r  which were 

k i l l e d , e i t h e r  by i n j e c t i o n  of p en to b arb ito n e  o r  by humane 

k i l l e r  a f t e r  n o n - f a ta l  r e a c t io n s ,  were n ec ro p a ied  w i th in  60 

min. o f  d e a th .  For h i s to p a th o lo g ic a l  exam ina tion , b locks  o f  

lung , th o r a c ic  lymph nodes, l i v e r ,  sp le en , abomasum, sm all 

i n t e s t i n e ,  la rg e  i n t e s t i n e ,  tu r b in a te  bone and sk in  were 

f ix e d  in  c o r ro s iv e  formol (C a r le to n  and Drury, 1957)* They 

were dehydra ted  and c le a re d  in  an a lcoho l-am yl a c e t a t e -  

ch loroform  s e r i e s  and embedded in  p a r a f f i n  wax. P a r a f f in  

s e c t io n s  were s ta in e d  r o u t in e ly  w ith  haeraalum and eo s in  (H.‘ & E .)

RESULTS

In  a l l  cases  the  p a th o lo g ic a l  changes were most marked 

in  the  r e s p i r a t o r y  system. On g ross  exam ination  pulmonary 

oedema w ith  cream, blood s ta in e d ,  f ro th y  f l u i d  in  the t r a c h e a
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and b r o n c h i  and p u lm on ary  emphysema was f o u n d .  T h i s  i s  

shown i n  F i g .  2 .  5* T h ere  w ere  a r e a s  o f  c o n g e s t i o n  and  

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

b r o n c h i .  The a l v e o l a r  and i n t e r s t i t i a l  oedem a and emphysema  

can  be s e e n  i n  F i g .  2 .  6 .  Lymph n o d e s ,  p a r t i c u l a r l y  t h o s e  

i n  t h e  t h o r a c i c  c a v i t y  w ere  h y p e r p l a s t i c ,  c o n g e s t e d  and i n  

some c a s e s  h a e m o r r h a g ic .  P e t e c h i a l  h a e m o r r h a g e s  w ere  o f t e n  

p r e s e n t  on t h e  e n d o c a r d iu m .

O th er  o r g a n s  d i d  n o t  r e g u l a r l y  show l e s i o n s .  I n  2 

c a s e s  t h e  abomasum an d  s m a l l  i n t e s t i n e  show ed m u c o sa l  oedem a,  

c o n g e s t i o n  and h a e m o r r h a g e .

H i s t o l o g i c a l  e x a m in a t io n  c o n f ir m e d  t h e  p r e s e n c e  o f  i n t r a -  

a l v e o l a r  and i n t e r s t i t i a l  oedema and emphysema w i t h  a s s o c i a t e d  

a r e a s  o f  c o l l a p s e  ( P i g s .  2 .  7 and 2 .  8 ) .  I n  some c a s e s  f i b ­

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

t h e  a l v e o l a r  w a l l s ^ g i v i n g  t h e  a p p e a r a n c e  o f  h y a l i n e  m em branes.  

I n t r a - a l v e o l a r  h a em o rrh a g e  f r e q u e n t l y  w as p r e s e n t .  I n  one  

c a s e  th ro m b i w ere  p r e s e n t  i n  b r a n c h e s  o f  t h e  p u lm on ary  a r t e r y .  

T h ere  was c o n g e s t i o n  o f  th e  b l o o d  v e s s e l s  o f  t h e  n a s a l  e p i t h e l i u m ,
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Pig* 2.7 - Photomicrograph of bovine lung after fatal
anaphylaxia, ahowing intra-alveoIar oedema and 
haemorrhage* (H & E x 110)
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Fig. 2.8 - Photomicrograph of bovine lung after fatal 
anaphylaxis, showing alveolar emphysema.

(H & E X 110)
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5. THE EFFECTS OF HISTA14IMi!. ‘S-HYDROXYTRYPTAIvIINB (5-HT)

AND BRADYKINIH IW CATTLE AMU MODIFICATION OP THESE 

EFFECTS BY ANTAGONISTS AMD BY VAGOTOMY

INTRODUCTION

H istam ine , 3-by&roxytryptamine and b rad y k in in  a re  of 

major im portance in  the m ed ia tion  of an aphy lax is  in  gu in ea-  

p ig s ,  dogs, r a b b i t s  and r a t s  (see  S e c t io n  l ) .  These sub­

s ta n c e s  were ad m in is te re d  to  c a t t l e  in  o rd e r  to  compare 

t h e i r  e f f e c t s  w ith  those  of an a p h y lax is .  F ind ings  o b ta in ed  

in  vivo were examined f u r th e r  by means of i s o l a t e d  t i s s u e s  

and o rgans ,

a) IN VIVO EXPERIIÆBNTS 

MATERIALS AND fCBTHODS 

ANIMALS

The anim als used  were as d e sc r ib e d  in  S ec t io n  I I .  1 

w ith  the  ex cep tio n  t h a t  those which r e c e iv e d  b rad y k in in  were 

8 to  12 wk. o ld  w eighing 50 to  100 Kg.
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DRUGS

H istam ine d ih y d ro c l i lo r ide (Koch-Light L a b o ra to r ie s  L td .)

S e ro to n in  (5~hydroxytryp tam ine) c r e a t in in e  su lp h a te  (Sigma Chemical
Co.)

B radyk in in  t r i a c e t a t e  (Sigma Chemical Go.)

Mepyramine m alea te  (May and Baker L t d . )

Cyproheptadine hy d ro ch lo r id e  (Merck, Sharp and Dohme L td . )  

M ethysergide b im a lea te  (Sandoz L td .)

B.W.5OIC67 (a-A nilino-N -2-m -chlorophenoxypropylac0 taraid ine 
h y d ro ch lo r id e  monohydrate) (Wellcome Research  L a b o ra to r ie s )

Sodium meclofenamate (Parke , Davis L td .)

P ro p ran o lo l  h y d ro ch lo r id e  ( im p e r ia l  Chemical I n d u s t r i e s  L td . )

When a d m in is t r a t io n  of a n ta g o n is t s  was c a r r i e d  out ^ th is  

always preceded a d m in is t r a t io n  of a g o n i s t s .  The a n ta g o n is t  

drugs and co rrespond ing  a g o n is ts  a re  l i s t e d  i n  Table 3 . 1^ 

w ith  ro u te  of a d m in is t r a t io n  and dose o f  the  a n ta g o n is t  and 

the  time i n t e r v a l  between a d m in is t r a t io n  of a n ta g o n is t  and 

a g o n is t .  In  a l l  cases  a g o n is ts  were a d m in is te re d  i n t r a ­

v enous ly . Weights o f  a g o n is ts  a re  exp ressed  as a c t iv e  base 

and of a n ta g o n is t s  as  the s a l t s  l i s t e d  above.
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Cyproheptadine p o ssesses  a c t i v i t y  as an a n ta g o n is t  of 

bo th  h is tam ine  and 5-by&roxytryptamine and i t s  a c t i v i t y  i s  com­

p a rab le  to  t h a t  of the  most a c t iv e  known subs tances  w ith  such

a c t i v i t y  (S tone , Wenger, Ludden, S ta v o rsk i  and Hoss, 1961; . 
Robinson, H . J . ,  1958).

B.W. 5OIU67 i s  an a n ta g o n is t  of 5-bydroxytryp tam ine, more 

a c t iv e  a g a in s t  the  p e r ip h e ra l  than the  c e n t r a l  a c t io n s  of 5~ 

hydroxytryptam ine and more p e r s i s t e n t  in  e f f e c t  than m ethyser­

g ide or xylam idine (Mawson and W h itt in g to n , 1970)- In  o th e r  

r e s p e c ts  the pharm acological p r o p e r t i e s  o f  5OIC67 resemble 

xylam idine (Green, 1970, p e rso n a l communication) which has been 

shown^at a dose r a t e  of 0.15  mg/iCg^to a b o l i s h  the  b ronchoconst-  

r i c t o r  response to  5-bydroxytryptam ine (20 ug/lCg) of a n a e s th e t i s e d  

g u in e a -p ig s  (Copp, Green, Hodson, R andall and Sim, I 967) .  Mepy- 

ram ine, m ethysergide and meclofenamate were used  s u c c e s s fu l ly  by 

C o l l i e r  and James ( I 967) to  an tagon ise  b ro n c h o c o n s tr ic t io n  induced 

by h is tam in e ,  5-hydroxytryptam ine and b rad y k in in  r e s p e c t iv e ly  in  

g u in e a -p ig s .  The doses of a n ta g o n is t s  and tim es of a d m in is t r a t io n  

of a n ta g o n is t s  b e fo re  a g o n is ts  were based on those used  by C o l l i e r
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and James ( I 967) .  P ro p ra n o lo l ,  a p -a d re n e rg io  b lo ck in g  drug, 

was used  to  enhance th e  response to  b ra d y k in in .  P ro p ran o lo l  

(5 mg/Kg) was in j e c t e d  in tra v e n o u s ly  5 min, b e fo re  b ra d y k in in  

( C o l l i e r  and James, I 967)* The r a t e  of i n j e c t i o n  was 1 mg/min.

B i l a t e r a l  c e r v ic a l  vagotomy was c a r r i e d  out in  5 cases as 

some o f  the e f f e c t s  o f  h is tam ine  in  the g u in e a -p ig  have been 

shown to  be a f f e c t e d  by vagotomy (M ills  and Widdicorabe, I 970) ,

P re p a ra t io n  o f  s o lu t io n s  fo r  i n j e c t io n

H istam ine , 5"hydroxytryptam ine and b rad y k in in  s a l t s  l i s t e d  

above were d is s o lv e d  in  s t e r i l e  d i s t i l l e d  w ater to  form 0 . 2 / ,

0 . 1/  and 0 . 01/  s o lu t io n s  r e sp e c t iv e ly *  Mepyramine m aleate  was 

used  as th e  s o lu t io n  fo r  i n j e c t i o n .

Cyproheptadine h y d roch lo r ide  was used  as  the  0 . 2 /  s o lu t io n  

f o r  i n j e c t i o n .

M ethysergide b im a lea te  was used  as  a 1 .O ^kolution p rep ared  by 

d is s o lv in g  100 mg of the  s a l t  in  1 .Oral N .m ethanesulphonic a c id  and 

making the  volume up to  10 ml w ita  5 . 0/  g lucose  s o lu t io n .
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Sodium meclofenamate was very  p o o rly  so lu b le  in  w ater 

b u t d is s o lv e d  in  N or n/ 10 NaOH to  form a to  1 0 / s o lu t io n .

N/10 Hcl was slow ly added to  reduce the  pH to  as c lo se  to  y.O 

as p o s s ib le  w ithou t p r e c i p i t a t i o n .  The s o lu t io n  o b ta in ed  was 

of pH 9*0 to 9*5* P r e c i p i t a t i o n  tended to  occur on s to rag e  

f o r  24 h r .  o r  more bu t s o lu t io n  was ach ieved  aga in  by h e a t in g .

The m a te r ia l s  and methods used  to  i n v e s t ig a te  the phys­

io l o g i c a l  re sp o n ses  of a n a e s th e t i s e d  anim als and to examine 

p a th o lo g ic a l  changes were as d e sc r ib ed  in  S e c t io n  I I .  2.

M id -c e rv ic a l  vagotomy was c a r r i e d  o u t ,  in  a n a e s th e t i s e d  

an im als , a f t e r  cannulae had been in s e r t e d  in  the  t ra c h e a  and 

b lood v e s s e l s ,  10 to  15 min. b e fo re  a d m in is t r a t io n  of d rugs. 

I d e n t i f i c a t i o n  of the nerves was confirm ed by o b se rv ing  the  

e f f e c t s  o f  e l e c t r i c a l l y  s t im u la t in g  each f o r  approx im ate ly  

5 se c .  S t im u l i  o f  15 v o l t s  fo r  4.O m i l l i - s e c .  a t  a r a t e  of 

20 per  sec . were a p p l ie d  by means of a square wave s t im u la to r  

(Palmer L td . ) .
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E f f e c t s  on conscious anim als

Two groups of 4 anim als r e c e iv e d  0 .03  mg/Kg. h is tam ine  

and 0 .07 mg/Kg. 5-hydroxytryptam ine r e s p e c t iv e ly .  The dose 

o f  h is tam in e  was h a l f  as g re a t  as t h a t  found by D esliens  

( 1950) to  be l e t h a l  fo r  c a t t l e .  Doses of 0 .02 mg/Kg. and 

0 .0 4  mg/Kg. 5“hydroxytryptam ine produced no ap p a ren t e f f e c t s  

when t e s t e d  in  2 an im als . The symptoms produced by h is tam ine  

and 5“hydroxy tryp tam ine , t h e i r  r a t e  of o n se t and d u ra t io n  

a re  l i s t e d  in  Table 3* 2. Both subs tances  produced r e s p i r a t o r y  

changes, co n g es tio n  of the c o n ju n c t iv a l  mucosa and muzzle and 

la c r im a t io n .  D epression  and in c re a se d  s a l iv a r y  and n a s a l  

s e c r e t io n  was marked a f t e r  h is tam ine  bu t n o t  a f t e r  5-hydroxy­

try p tam in e , whereas s ta g g e r in g  and sn eez ing  were seen only  

a f t e r  5 -hydroxy tryp tam ine . The r a t e  o f  o n se t  of the  symptoms 

was l e s s  r a p id  and they  p e r s i s t e d  f o r  lo n g e r  a f t e r  h is tam ine  

than  a f t e r  5-hydroxytryptam ine a d m in is t r a t io n  a t  these  dose



TABLE 3. 2 

EFFECTS O F  HISTAMILE ABB 5-BYDüOXY. 

TRYBTAMIBE IN CONSCIOUS CATTLE

^ynmtoma
.w.irrirm.1 ■ *

Numbers of  Animals 
(T o ta l  4)

A ffec ted

Histamine 
0,05 mg/Kg

5“
0.

HT
07 mg/Kg

d ep ress io n 4 0
tachypnoea 4 4
dyspnoea 4 ■ 5
coughing 3 5
la c r im a t io n 1 '4
co nges tion  of 
c o n ju n c tiv a  & muzzle 4 1 '

s a l i v a t i o n 2 0
n a sa l  d ischarge 2 0
sneez ing 0 1
s ta g g e r in g 0 2

Onset ( se c ) 90 ( 60- 120) 15 (10-20)

D ura tion  (min) 37.5 (50-40) 7 .5  (5-10)

Note! Times of onse t and of d u ra t io n  of symptoms 
exp ressed  as mean of 4*
( ) “ range of tim es.
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r a te s *  N e ith e r  substance  caused the  an im als to  c o l la p s e ,  

trem ble o r  show p r u r i t i s  but o therw ise  the  e f f e c t s  were 

s im i la r  to  those  of  an ap h y lax is .

E f f e c t s  o f  a n ta g o n is t s

When anim als were in j e c t e d  in t r a m u s c u la r ly  w ith  

mepyramine m alea te  (9.0mg/Kg.) 20 min. b e fo re  r e c e iv in g  

h is ta m in e ,  a l l  the  v i s i b l e  e f f e c t s  o f  h is tam in e ,  w ith  the 

ex c ep tio n  of s l i g h t  congestion  of  the  muzzle, were prevented* 

Cyproheptadine h y d ro ch lo r id e , i n j e c t e d  in t r a v e n o u s ly  a t  a 

dose r a t e  of 0*3 mg/Kg.^5 min. before  5“hydroxy tryp tam ine , 

p reven ted  a l l  the  v i s i b l e  e f f e c t s  of 5"hydroxytryp tam ine,

EFFECTS ON ANAESTHETISED ANIMLS

MATERIALS AND ItETIIODS

Animals were a n a e s th e t i s e d  w ith  sodium p en to b arb ito n e  

and t r e a t e d  as  d e sc r ib e d  in  S ec t io n  I I .  2. Two anim als 

r e c e iv e d  0^-05 mg/Kg. h is tam in e . Two anim als r e c e iv e d  5”
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hydroxy try p tam in e , one a t  a dose r a t e  o f  0.07  mg/lCg. and 

one a t  a dose r a t e  o f  0 .05  mg/Kg. A f u r t h e r  2 anim als 

r e c e iv e d  b rad y k in in  a t  dose r a t e s  o f  0 .01  mg/Kg. and 0 .1  

mg/Kg. The animal r e c e iv in g  the  sm a lle r  dose was p r e t r e a t e d  

w ith  p ro p ra n o lo l  (O .l  mg/Kg.) i n j e c t e d  in tra v e n o u s ly  10 min. 

be fo re  b ra d y k in in .

RESULTS

The e f f e c t s  o f  h is ta m in e ,  5-hydroxytryptam ine and b rady­

k in in  on r e s p i r a t i o n ,  system ic and pulmonary blood p re s su re s  

and h e a r t  r a t e  a re  summarised in  Table 3* 5* These p aram ete rs , 

tim es o f  o n se t  and d u ra t io n  of symptoms were measured as  d es ­

c r ib e d  in  S e c t io n  I I .  2. F ig .  3* 1 shows the e f f e c t s  of 

h is ta m in e .  Apnoea was accompanied by the  accum ula tion^ in  

the  en d o tra c h e a l  tube^ of f ro th y  f l u i d .  The r e s p i r a t o r y  

r e c o rd in g  a p p a ra tu s  was d isconnec ted  in  o rd e r  to  c l e a r  the  

tu b e .  Fo llow ing  apnoea r e s p i r a t o r y  flow and minute volume
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were in c re a s e d .  S im ultaneously  w ith  the o n se t  of apnoea 

pulmonary b lood  p re s su re  ro s e ,  bu t r e tu rn e d  a f t e r  one min. 

to  p r e i n j e c t i o n  l e v e l .  Systemic blood p re s su re  f e l l  r a p id ly  

bu t r e tu rn e d  to  p r e in je o t io n  le v e l  a f t e r  2-J- min. I t  f e l l  

aga in  g ra d u a l ly  bu t was m ain ta ined  a t  a l e v e l  42̂  ̂ lower 

than  b efo re  h is tam in e  a d m in is t r a t io n .  The h e a r t  r a t e  f e l l  

by 2 ^ f o  bu t t h i s  was fo llow ed a f t e r  2  min. by ta ch ^ y c a rd ia  

which was m ain ta ined  a t  a le v e l  Q j / o  h ig h e r  than  the p re ­

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

F ig .  5* 2 shows the  e f f e c t s  of a l e t h a l  dose of 5" 

hydroxy tryp tam ine . This a ls o  produced apnoea. The animal 

b re a th e d  aga in  a f t e r  5 min. bu t apnoea supervened fo r  ^0 sec .  

R e s p i r a t io n  vfas i r r e g u l a r  u n t i l  dea th  occu rred  a f t e r  7 min. 

The r i s e  in  pulmonary blood p re ssu re  and f a l l  in  system ic 

blood p re ssu re  was l e s s  marked than  a f t e r  h is tam ine  admin­

i s t r a t i o n .  H eart r a t e  f e l l  by 28^ bu t was n o t fo llow ed  by
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ta c h y c a rd ia .  The a d in in is t re f io n  of a s u b - l e th a l  dose of 

5-hydrox.ytryptamine (0 .05  mg/Kg. ) produced s im i la r  e f f e c t s .  

Again ta c h y c a rd ia  d id  n o t  occur.

F ig .  5*5 shows the e f f e c t s  o f  0 .1  mg/Kg. b rad y k in in .

These e f f e c t s  were s im i la r  to those  of h is tam in e  and ^-hydroxy- 

try p tam in e . T achycard ia  occurred  fo l lo w in g  the  r e d u c t io n  

in  h e a r t  r a t e .  In  t h i s  case i t  d id  n o t prove p o s s ib le  to  

pass a c a th e te r  in to  the pulmonary a r t e r y  and i t  was found, 

on p o s t  mortem exam ination , to  l i e  in  the vena cava. P re ­

tre a tm e n t w ith  p ro p ra n o lo l  allowed comparable e f f e c t s  to be 

produced w ith  a dose o f  0.01 mg/Kg. b ra d y k in in .

E f f e c t s  a f t e r  Vagotomy

The e f f e c t s  o f  e l e c t r i c a l  s t im u la t io n  and s e c t io n  of 

the  vagus a re  shown in  F ig . 3* 4* S t im u la t io n  r e s u l t e d  in  

immediate apnoea l a s t i n g  approx im ate ly  24 sec . and a 57̂  ̂

f a l l  in  system ic B.P. l a s t i n g  fo r  12 -sec. On s e c t io n in g  

the  vagus r e s p i r a t o r y  flow and minute volume were reduced .
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A fte r  vagotomy one animal was g iven O.O6 mg/Kg. of 

h is tam ine  and an o th e r  0*07 mg/Kg. of  5"hydroxy tryp tam ine .

The outcome in  "both cases  was f a t a l  w i th in  I 5 m in .,  as 

shown in  F ig s .  5* 5 and 6. A t h i r d  animal was g iven

C.05  mg/Kg, 5"hydroxytryptam ine and su rv iv ed  a l though  

apnoeic fo r  a lm ost 4 min. The changes produced are  

summarised in  Table % 4« The e f f e c t s  o f  h is tam in e  and 

^-hydroxytryptam ine appeared  to  be independen t of the 

vagus n e rv e .

E f f e c t s  a f t e r  A n tagon is ts

Mepyramine m alea te  was used  to  an tag o n ise  h is tam in e , 

m ethyserg ide b im a lea te  or 5OIG67 , to  a n tag o n ise  5-hydroxy- 

tryp tam ine  and sodium meclofenamate to  an ta g o n ise  b rad y k in in . 

The a n ta g o n is t s  i n  a l l  cases  were a d m in is te re d  in t ra v e n o u s ly .  

Table 5* 5 summarises the  e f f e c t s  o f  h is tam in e ,  5-hydroxy­

tryp tam ine  and b rad y k in in  a d m in is te red  a f t e r  the anim als
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had been t r e a t e d  w ith  the a p p ro p r ia te  a n ta g o n is t .  

Mepyramine p re tre a tm e n t  a b o l ish e d  a l l  the  e f f e c t s  o f  

h is tam in e  w ith  the  ex cep tio n  of a s l i g h t  f a l l  in  blood 

p r e s s u re .  This i s  shown in  P ig . 4* 16. Meclofenamate 

d id  no t p rev en t the  e f f e c t s  of h is tam ine  or 5-hydroxy- 

tryptam ine* B radykinin  g iven a f t e r  meclofenamate d id  

no t produce apnoea. Minute volume f e l l  by 25^ and 

system ic  blood p re s su re  f e l l  by 64 0̂. Pulmonary blood 

p re s su re  was unchanged and h e a r t  r a t e  reduced  by only 

6^. I t  was found th a t  the  p ro d u c tio n  of apnoea and b rady­

c a rd ia  by 5-hydroxytryp tam ine was no t p rev en ted  by a dose 

of  501067 5 tim es g r e a te r  than th a t  recommended, or by 

5OIG67 fo llow ed  by m ethyserg ide . The system ic hypo tensive 

e f f e c t  was reduced  and pulmonary h y p e r te n s io n  p reven ted

(F ig .  3 . 7 ) .
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P a th o lo g ic a l  changes

Pulmonary oedema v / a s  always very  severe  a f t e r  

h is tam in e  a d m in is t r a t io n  and m oderately  severe  a f t e r  

b rad y k in in  bu t was minimal where anim als r e c e iv e d  only  

5“hydroxy tryp tam ine. Even l e t h a l  doses o f  5-hydroxy­

tryp tam ine  produced only  patchy  pulmonary congestion*

The number o f  an im als in  which p a th o lo g ic a l  changes 

produced by h is tam in e ,  5-hydroxytryptam ine or b rad y k in in  

and m o d if ic a t io n  of th ese  changes by a n ta g o n is t s  could be 

a s s e s s e d  was l im i te d  by the  f a c t  t h a t  an a n a e s th e t i s e d  

anim al f r e q u e n t ly  r e c e iv e d  more than  one drug in  the  course 

o f  an experim ent.
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b) IM VITRO EXI’BRIlffilWS

i )  THH EFFECTS OF HISTMIIŒ, 5-HYDROXYTRÏPTAMIirE,

BRARYKIFIF, AGHTYLCHOLIKS AND ADRENALINE OH BOVINE 

TRACHEABROHCHXAL AND PÜLMONARY VASCULAR TISSUS AND 

INHIBITION OF THESE EFFECTS BY SPECIFIC OR SELECTIVE 

ANTAGONISTS.

As h is ta m in e ,  5"hydroxytryptam ine and b rad y k in in  a l l  

produced e f f e c t s  on the  r e s p i r a t o r y  system of. c a t t l e  t h e i r  

e f f e c t s  were examined on pulmonary smooth muscle in  v i t r o .

MATERIALS AND Î<ŒTH0D8

Specimens o f  lu n g  were o b ta in ed  from young c a t t l e  w ith in  

15 min. o f  s la u g h te r  and were p laced  in  K re b s -H e n se le it  ( I 952) 

s o lu t io n  a t  4^G. Under th e se  c o n d i t io n s  th e  t i s s u e s  remained 

v ia b le  fo r  up to  3 days. S t r i p s  of t r a c h e a l i s  muscle^2 cm. 

long  X 5 mm.^wide were d is s e c te d  from the  in s id e  of a t r a c h e a l  

r i n g .  Segments of b ro n c h io le s  of  l e s s  than  5 mm. d iam eter
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were c u t  s p i r a l l y  t o  g i v e  a f i n a l  l e n g t h  o f  a p p r o x im a te ly  

4 cm. Segm ents  o f  pulm onary a r t e r y  and seg m en ts  o f  pulm onary  

v e i n  o f  ab ou t th e  same d ia m e te r  were s i m i l a r l y  c u t  s p i r a l l y  

to  g i v e  p r e p a r a t io n s  o f  a s i m i l a r  l e n g t h .  A l t e r n a t iv e ly ^  

seg m en ts  o f  pulm onary a r t e r y  and v e in  5 mm, l o n g  and o f  

a p p r o x im a te ly  2 cm. d ia m e te r  were cu t  l o n g i t u d i n a l l y  to  form  

s t r i p s  a p p r o x im a te ly  4 cm. l o n g .  The t i s s u e s  were susp en d ed  

i n  100 m l. o rgan  b a th s  c o n t a in i n g  K r e b s - H e n s e le i t  s o l u t i o n  

a t  37^0 and a e r a t e d  w i th  a m ix tu r e  o f  95/^ oxygen  and 

carb on  d i o x i d e .  C o n t r a c t io n s  were r e c o r d e d  i s o t o n i c a l l y  u s i n g  

a l i n e a r  m o tio n  t r a n s d u c e r  (P h ip p s  and B ir d )  and p o t e n t io m e t r io  

r e c o r d e r  (C it iz e n ^ M o d e l  THE-5 or  TOA E l e c t r o n i c s  L t d . ,  Model 

EPR-2TD) g i v i n g  an o v e r a l l  m a g n i f i c a t io n  o f  x  200 to  4 0 0 .

Drugs were a l lo w e d  to  rem ain  i n  c o n t a c t  w i t h  t r a c h e a l i s  

m u s c le ,  pulm onary a r t e r y  and pulmonary v e i n  f o r  5 to  10 m in.  

w it h  15 to  20 m in. i n t e r v a l s  b e tw een  d o s e s .  B r o n c h io la r  

p r e p a r a t io n ’s r e sp o n d e d  more s lo w ly  and h e r e  c o n t a c t  p e r io d s
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o f  15 t o  30 min# w ere  u s e d .  A n t a g o n i s t s  w ere  a d m i n i s t e r e d  

one rain, o r  20 m in . b e f o r e  a g o n i s t s .  I n  e a c h  c a s e  th e  

r e c o r d e r  w as s w i t c h e d  o f f  b e f o r e  w a s h in g  t h e  t i s s u e  and  

s w i t c h e d  on a g a i n  5 m in . b e f o r e  a d m i n i s t r a t i o n  o f  th e  

s u c c e e d i n g  d o s e .

The d r u g s  u s e d  w e r e :

a c e t y l c h o l i n e  c h l o r i d e  ( W i l c o x ,  J o z e a u  & C o . ,  L t d . )  

h i s t a m i n e  d i h y d r o c h l o r i d e  (K o c h - L ig h t  L a b o r a t o r i e s  L t d . )  

s e r o t o n i n  a r e a t i n i n e  s u l p h a t e  ( S igm a C h em ica l  C o . )  

b r a d y k in in  t r i a c e t a t e  ( Sigm a C h em ica l  C o . )  

a d r e n a l i n e  t a r t r a t e  (E v a n s  M e d ic a l  L t d . ) 

a t r o p i n e  s u l p h a t e  ( K o c h - L ig h t  L a b o r a t o r i e s  L t d . ) 

m e t h y s e r g i d e  b i m a l e a t e  (S a n d o z  L t d . ) 

m epyram ine m a l e a t e  (May and Baker L t d . ) 

so d iu m  m e c lo fe n a m a te  (P a r k e ,  D a v is  L t d . )



2 3 0

M e c lo fe n a m a te  and m e t h y s e r g i d e  w ere  d i s s o l v e d  a s  

p r e v i o u s l y  d e s c r i b e d  ( p .2 1 ^  and. d i l u t e d  i n  K r e b s - H e n s e l e i t  

s o l u t i o n .  O th er  d r u g s  w ere  d i s s o l v e d  d i r e c t l y  i n  t h i s  

s o l u t i o n .  A c e t y l c h o l i n e  and a d r e n a l i n e  w ere  d i l u t e d  from  

lÔ Q and 0 . 1 ^  s o l u t i o n s  r e s p e c t i v e l y .  D rugs w ere  a d d ed  t o  

th e  o r g a n  b a t h  by m eans o f  a  1 . 0  m l .  s y r i n g e .  W e ig h ts  o f  

a g o n i s t s  a r e  e x p r e s s e d  a s  a c t i v e  b a s e .  W e ig h ts  o f  a n t a ­

g o n i s t s  a s  s a l t s .

RESULTS

TRACHEALIS IvIUSGLB

T r a c h e a l i s  m u sc le  c o n t r a c t e d  i n  r e s p o n s e  t o  h i s t a m i n e  

(O .O i  t o  5*0  u g / m l ) ,  5 -h y d r o x y t r y p t a m in e  (O .O l t o  2 , 0 y u g / m l ) ,  

b r a d y k i n i n  ( 0 . 001 to  1 . 0  yug/ral) and a c e t y l c h o l i n e  ( 0 . 0 0 2  t o

1 . 0  y U g /m l) .  C o n t r a c t i o n s  b e g a n  15 t o  30 s e c .  a f t e r  adm in­

i s t r a t i o n  o f  th e  d r u g s  and r e a c h e d  t h e i r  maxima w i t h i n  5 

m in . R e s p o n s e s  o f  t r a c h e a l i s  m u s c le  a r e  shown i n  F i g .  5- 8 .
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E xam ples o f  th e  e f f e c t s  o f  a n t a g o n is t s  are  shovm in  

p y  m epyram ine ( 0 . 005 /h g /m l) and b r a d y k in in  ( 0 . 0 0 1 /u g /m l)

by m epyram ine ( 0 , 0 0 5 y u g /m l)  and b r a d y k in in  ( 0 , 0 0 1 /u g / m l )  , 

by m e c lo fe n a m a te  ( 4 0  yug/m l) a s  shown i n  F i g ,  3* 9* A c e t y l ­

c h o l i n e  ( 0 , 0 0 2  / u g / m l )  w as a n t a g o n i s e d  by  a t r o p i n e  ( 0 , 0 0 1  j a g / m l )  

and 5 - h y d r o x y t r y p t a m i n e  ( 0 . 0 2  y u g /m l)  by m e t h y s e r g i d e  (O .O O lyU g/m l)  

( F i g .  5* l O ) .  A t r o p in e  ad d ed  to  th e  b a t h  one m in . o r  20  m in ,  

b e f o r e  0 . 1 /u g /m l 5 - h y d r o x y t r y p t a m i n e ,  i n  c o n c e n t r a t i o n s  o f  up  

t o  2 . 0 y u g / m l . , show ed no a n t a g o n i s t i c  e f f e c t  ( F i g .  3* l O ) .

A d o s e  o f  2 0 /u g /m l  a t r o p i n e ,  w h ich  was 1 0 0  t i m e s  g r e a t e r  th a n  

t h a t  a n t a g o n i s i n g  an e q u i - e f f e c t i v e  d o se  o f  a c e t y l c h o l i n e ,  

a l m o s t  a b o l i s h e d  th e  r e s p o n s e  t o  0 . 1 yug/m l 5 “h y d r o x y t r y p t a m in e .  

A n ta g o n ism  o f  5 - h y d r o x y t r y p t a m in e  by m e t h y s e r g i d e  was demon­

s t r a t e d  i n  e v e r y  p r e p a r a t i o n  i n  w h ic h  t h i s  w as t e s t e d  (9 ) *

BHQhCHIQLAR MUSCLE

B r o n c h i o l a r  m u s c le  c o n t r a c t e d  i n  r e s p o n s e  t o  h i s t a m i n e ,  

5 - h y d r o x y t r y p t a m i n e , b r a d y k in in  and a c e t y l c h o l i n e  b u t  r e q u i r e d
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d o s e s  10  t o  100  t im e s  g r e a t e r  th a n  t h o s e  w h ic h  p r o d u c e d  

r e s p o n s e s  o f  t r a c h e a l i s  m u s c le .  C o n t r a c t i o n s  i n  r e s p o n s e  t o  

h i s t a m i n e ,  5 - b y d r o x y t r y p t a m in e  and a c e t y l c h o l i n e  b eg a n  w i t h i n  

5 m in . o f  a d m i n i s t r a t i o n  o f  th e  d r u g s  b u t  r e s p o n s e s  t o  b r a d y -  

k i n i n  w ere  o f t e n  d e l a y e d  f o r  up  t o  15 m in . R e s t  p e r i o d s  o f  

30 t o  60 m in . w ere  n e c e s s a r y  t o  a l l o w  th e  t i s s u e  t o  r e l a x  

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

a c e t y l c h o l i n e ,  h i s t a m i n e  and 5 “h y d r o x y tr y p ta r a in e  a r e  shown  

i n  P i g .  5* 11 and  t o  a c e t y l c h o l i n e ,  5 - b y d r o x y t r y p t a m in e  and  

b r a d y k i n i n  i n  P i g .  3 . 1 2 .  T a c h y p h y l a x i s  d e v e l o p e d  to  5 -  

h y d r o x y t r y p t a m in e  ( P i g .  5* l l )  and t o  b r a d y k i n i n .  T h is  p r e ­

v e n t e d  a s s e s s m e n t  o f  t h e  a c t i v i t y  o f  a n t a g o n i s t s  o f  t h e s e  

s u b s t a n c e s .  A c e t y l c h o l i n e  ( 0 .5  t o  2 .0 y U g /m l )  was a n t a g o n i s e d  

by a t r o p i n e  ( O . l  t o  0 . 2 y u g / m l ) . C o n t r a c t i o n s  o f  b r o n c h i o l a r  

m u s c le  i n  r e s p o n s e  t o  a c e t y l c h o l i n e  w ere  m a in t a in e d ^ w h i l e  

th e  t i s s u e  r e m a in e d  u n w a sh ed ^ fo r  up t o  30 m in . A d m i n i s t r a t i o n  

o f  a d r e n a l i n e  ( l . O  t o  1 0 y u g /m l)  p r o d u c e d  r e l a x a t i o n  w i t h i n
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5 min. as shown in  F ig , 3* 12. A d m in is tra t io n  of  up to  20 

jug/ml of  a d re n a l in e  d id  no t r e s u l t  in  d e te c ta b le  r e l a x a t io n  

when the  b ro n c h io la r  muscle was n o t in  a s t a t e  of c o n tra c t io n ,

PULMONARY ART.F11Y

Pulmonary a r t e r y  showed no response  to  up to  15 yug/ml 

a c e ty lc h o l in e  in  4 cases  bu t 2 p re p a ra t io n s  c o n tra c te d  in  

response  to  0 ,5  to  1 . 0 yug/ml. C o n tra c tio n s  were produced by 

h is tam in e  (0 ,02  to  2 . 0 yUg/ml) , 5-hy&roxytryptamine (0,005 to 

0 .2  j a g / m l ) f  b ra d y k in in  (0 ,1  to  20.0  yUg/ml) and ad re n a l in e  

(0,005  to  l,OyUg/ml) (F ig . 5» 15)* This t i s s u e  showed 

tach y p h y lax is  to  b rad y k in in  (F ig , 3* 13^* H istam ine (O .l  to

1 .0  yug/ml) was an tag o n ised  by mepyramine (0 ,01  to  0 .02 yug/ml) 

and 5-hydroxytryptam ine (O.Ol to  1 ,0  yUg/ral) by m ethysergide 

( 0.02  to  0 .3  yug/ml). The r a t e  a t  which pulmonary a r t e r i a l  

t i s s u e  c o n t ra c te d  in  response  to  drugs was s im i la r  to  t h a t  

d e sc r ib e d  f o r  t r a c h e a l i s  m uscle.
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PULMOMRY YEIK

Pulmonary v e in  c o n t ra c te d  in  response  to  a c e ty lc h o l in e  

( 0.005  to  50'0  |Lig/ml) y h is tam ine  (10 jag/ml), 5”tiydroxy» 

tryp tam ine  (0.0002 to  0 .1  pg/m l) and a d re n a l in e  (0 .5  jig /m l).

The ranges  o f  c o n c e n tra t io n s  of a c e ty lc h o l in e ,  h is tam in e , 

5 -hydroxytryptam ine and b rad y k in in  producing  resp o n ses  of 

a t  l e a s t  2  cm. in  h e ig h t  a t  a m a g n if ic a t io n  of  x 200 a re  

summarised i n  Table 5 . 6, which in c lu d e s  th e  numbers of 

samples of  t r a c h e a l i s ,  b ro n c h io la r ,  pulmonary a r t e r i a l  and 

pulmonary venous t i s s u e  which responded to  each dose range .
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h )  i l )  EFFECTS OF DRUGS OK RKSISTAMÜIO TO AIRFLOW 

AND YASCULAH PEREUSIOK IM ISOLATED LUÏfôS

MTBRIALS AMP IffiTHODB

Lobes of lungs of young a d u l t  c a t t l e ,  o b ta in ed  w ith in  

15 min. o f  s la u g h te r  were p e rfu sed  u s in g  th e  techn ique  d es­

c r ib e d  by B ro ck leh u rs t  ( I 960) w ith  minor m o d if ic a t io n s .  One
/

lobe o f  bovine lung  was p e rfu sed  by means o f  a  cannula t i e d  

in to  th e  pulmonary a r t e r y  whereas B ro ck leh u rs t  p e rfu sed  i n t a c t  

lungs of  the  sm a lle r  l a b o ra to ry  an im als . The t i s s u e  was s u s ­

pended by the  bronchus, in s id e  a po ly thene bag l i g h t l y  c lo sed  

a t  the  top  to  p rev en t ex cess iv e  co o l in g . The e f f l u e n t  s o lu t io n  

ra n  from pulmonary v e in s  and was allow ed to  escape through 

s l i t s  in  th e  bottom of the  poly thene bag in to  a poly thene 

f i l t e r  fu n n e l .  P e r fu s io n  f l u i d  was su p p lied  by g r a v i ty  flow 

from a 5 l i t r e  a s p i r a t o r  a t  a c o n s tan t  h e ig h t  of 80 cm. above 

the  lu n g s , g iv in g  a p e r fu s io n  p re s su re  of approx im ate ly  

60 mm. Hg. and passed  through a warming c o i l  to  r a i s e  i t s
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tem pera tu re  to  im m ediately b efo re  i t  e n te re d  the

cannu la . Drugs were i n j e c t e d  in to  the  p e r fu s io n  f l u i d  

th rough  a ru bber  connection  between the  warming c o i l  and 

the  cannu la . In  5 oases the lung v/as s im u ltan eo u s ly  p e r ­

fu sed  w ith  a i r  th rough  a cannula i n  the bronchus by means 

of an Id e a l  r e s p i r a t o r y  pump (C.F. Palmer L t d . ) .  The 

s t ro k e  volume used  was 120 oc d e l iv e re d  a t  a r a t e  of 13 

s t ro k e s /m in .  I n f l a t i o n  was minimised by a l lo w in g  a i r  to  

escape from th e  a l v e o l i  through s c a r i f i c a t i o n s  made on the  

s u r fa c e  of the  i n f l a t e d  lu n g . The a i r  p e r fu s io n  p re s su re  

was measured i n  cm. w ater by means o f  a d i f f e r e n t i a l  p re ssu re  

t ra n sd u c e r  and reco rd ed  on a m u lt i-ch an n e l  p h y s io lo g ic a l  pen 

re c o rd e r  (Devices L td . ) .  R e s is tan ce  to  a i r  p e r fu s io n  was 

reco rd ed  as an in c re a s e  in  p re s s u re .  The r a t e  o f  a i r  p e r ­

fu s io n  was a d ju s te d  to  m a in ta in  an i n i t i a l  p re s su re  of 10 

to  50 cm. w ate r .  The r a t e  o f  p e r fu s io n  was 1 .0  to  0 .5  

ml/rain/gm t i s s u e .  The r a t e  of flow was a d ju s te d  by means
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of a screw c l i p ^ d i s t a l  to  the pulmonary cannu la . The 

p e r fu s io n  f l u i d  was oxygenated Tyrode s o lu t io n .  Before 

b eg inn ing  re c o rd in g s ,  a t tem p ts  were made to  f lu s h  the 

lungs f r e e  of b lood. P e r fu s a te  was c o l l e c t e d  in  g la s s  

or po ly thene b o t t l e s  every  consecu tive  or a l t e r n a t e  min. 

o r J>0 s e c .  du ring  the course of p e r fu s io n  and the  volume 

measured. The tem peratu re  of  the lung  v^as c o n tin u o u s ly  

m onitored by means of a needle  probe therm istor^  in s e r t e d  

in  the  lung  and a t ta c h e d  to an e l e c t r i c  thermometer (L igh t 

L a b o ra to r ie s ) .  The e f f i c i e n c y  of p e r fu s io n  was checked by 

i n j e c t i n g  E van 's  Blue dye (Gurr L td . )  ( l .O  mg/ml) in to  the 

p e r fu s io n  f l u i d  a t  the  conc lu sion  o f  each experim ent and 

examining the  e x te n t  o f  blue c o lo u ra t io n  o f  the d is s e c te d  

lung  (F ig .  3 . 1 4 ) .  The ap p a ra tu s  i s  r e p r e s e n te d  diagrama- 

t i c a l l y  in  F ig . 3* 15»



PI*# 3# 14 • TvanivwM ■•ction of cardiac lob# of bovlo# 
long after p#rfualoD with Tyrode aolutlon cootainin* 
Evan'a Blue dye.
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RESULTS ■

A ir p e r fu s io n

A d m in is tra t io n  of  a c e ty lc h o l in e ,  h is tam in e ,  5“Uydro- 

xy tryp tam ine and b rad y k in in  r e s u l t e d  in  each case in  an 

in c re a s e  in  a i r  p e r fu s io n  p re s s u re .  A drenaline reduced the 

p e r fu s io n  p r e s s u re .  The r e s u l t s  a re  summarised in  Table 

5» 7* Changes in  p re s su re  were ap p a ren t w ith in  5 sec . of 

com pleting  a d m in is t r a t io n  of the d ru g s . A f te r  respond ing  

once to  5“bydroxytryptam ine the lung  showed ta c h y p h y la x is ,  

a  second dose g iven  65 min. l a t e r  e l i c i t i n g  a reduced response  

and a t h i r d  g iven 40 min. l a t e r  having a n e g l ig ib le  e f f e c t .  

F ig .  5* 16 shows the e f f e c t s  on a i r  p e r fu s io n  p re ssu re  of 

h is ta m in e ,  a c e ty lc h o l in e  and a d re n a l in e .

R e s u l ts  o b ta in e d  u s in g  t h i s  p r e p a ra t io n  were co n s id e red  

to  be of  more q u a l i t a t i v e  than  q u a n t i t a t iv e  va lue  as p e r ­

fu s io n  p re ssu re  was in f lu e n c e d  by the  a b i l i t y  of a i r  to  escape 

from the  a l v e o l i  as w ell  as by c o n s t r i c to r  or r e la x a n t  e f f e c t s



TABLE 3 . 7

EFFECTS OF DKUOS ON AIR PEREUSIOU PRESSURE OF ISOLATED LUNGS

D m a
D ose

W No. P r e s s u r e  (Cm.H^O) 

B e f o r e  A f t e r  io Change

A c e t y l c h o l i n e 100 4 26 34 + 31
500 4 26 58 +123
500 1 20 33 + 65
500 5 36 41 + 14
600 5 21 47 +123
900 2 10 33 +230

1 , 0 0 0 5 37 42 + 13

H is t a m i n e 300 4 2 8 56 + 28
600 1 17 23 + 35
800 2 16 33 +106
800 5 20 40 + 100
800 5 16 47 +194

1 , 0 0 0 5 27 54 + 25

5 - H y d r o x y t r y p t - 250 1 22 28 + 27am ine 300 4 30 42 + 40
400 5 16 29 + 61
400 5 10 15 + 50
400 3 26 28 + 7
800 5 26 30 + 15

B r a d y k in in 500 1 21 21 0
600 2 16 28 + 75

2,500 5 37 58 + 3

A d r e n a l in e 600 2 33 10 -  70
800 3 25 11 -  5^

+ a i n c r e a s e d  
-  r e d u c e d
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of drugs on b ro n c h ia l  smooth m uscle. These drugs a lso  had 

a c t io n s  on v a s c u la r  smooth muscle and on c a p i l l a r y  permea­

b i l i t y  and the  e f f i c i e n c y  o f  v a sc u la r  p e r fu s io n  would a f f e c t  

the d i s t r i b u t i o n  o f  drugs th roughout the lu n g . I n t e r v a l s  of 

50 min. to  one h r .  between doses of drugs were o f te n  n ec essa ry  

to  a llow  complete reco v e ry .

VASCULAR PERFUSION

P e rfu s io n  r a t e ,  measured as the  r a t e  of outflow  of f l u i d  

from the  pulmonary v e in ,  was reduced  fo l lo w in g  i n j e c t i o n  of 

a c e ty lc h o l in e ,  h is ta m in e ,  5“hydroxytryptam ine and b rad y k in in .  

A drenaline  in c re a se d  the  r a t e  of ou tflow . The r e s u l t s  a re  

summarised in  Table 3 . 8. The change in  p e r fu s io n  r a t e  was 

taken  as the  d i f f e re n c e  between the  average of a t  l e a s t  3 

samples o b ta in e d  c o n se c u t iv e ly  befo re  drug a d m in is t r a t io n  

and the  sample a f t e r  drug a d m in is t r a t io n ,  which showed the  

maximum in c re a s e  or decrease  in  volume. There was poor 

c o r r e l a t i o n  between dose and resp o n se , bu t th e  c o n c e n tra t io n



TABLE 8

EFFECTS OF DRUGS ON VASCULAR PERFUSION RATE OF ISOLATED LUNGS

Drug
No.of Lungs 

T ested
Dose
Hunge
/IE

i o  Change in  
P e r fu s io n  Rate 

hange

A ce ty lch o lin e 4 400 to  1,000 ” 5 to  -  45

Histam ine 6 10 to  1,000 -11 to  -  91

5-H ydroxy tryp t­
amine 6 50 to  500 -20 to  -  69

B radykin in 5 10 to  1,000 —21 to  -  50

A drenaline 1 1,000 +26

~ » reduced

+ = in c re a se d
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of drug re a c h in g  the t i s s u e  was d i f f i c u l t  to  e s t im a te  as 

the change in  flow r a t e  would a f f e c t  the  degree of d i l u t i o n  

of the  ad m in is te red  dose. The volume changes were seen a t  

t h e i r  maxima one min. a f t e r  drug a d m in is t r a t io n .  Five to  

50 min. were n e c essa ry  to  allow  volumes to  r e tu r n  to  p r e ­

i n j e c t i o n  v a lu e s .  T yp ica l changes in  v a s c u la r  p e r fu s io n  r a t e  

in  r e l a t i o n  to  drug a d m in is t r a t io n  are  shown in  F ig . 3 . I 7 .

I n j e c t io n  of  ovalbumin ( l  to  5OO mg), as  shown in  F ig ,

3 . 1 7 , d id  no t appear to  a f f e c t  the v a s c u la r  p e r fu s io n  r a t e  

o f  u n s e n s i t i s e d  lung . As p re v io u s ly  ex p la in e d  q u a n t i t a t iv e  

co n c lu s io n s  have no t been drawn from th ese  r e s u l t s .  In  F ig ,

3 . 17 8- d i f fe re n c e  i n  r a t e s  of recovery  between lung  No. 1 

and lung  No, 2 can be seen.
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SUIÆÆAHY

1 ,  H istam ine and 5-hydrqxytryp tam ine  bo th  produced 

e f f e c t s  s im i la r  to those  of an ap h y lax is  in  conscious 

an im als .

2. H istam ine , 5-hydroxytryptam ine and b rad y k in in  p ro ­

duced r e s p i r a t o r y  and c i r c u la to r y  changes s im i la r  

to  those  seen d u rin g  an ap h y lax is .

5. Only h is tam in e  and b rad y k in in  produced pulmonary 

oedema comparable to  t h a t  produced by an ap h y lax is .

4. The e f f e c t s  of a l l  5 substances  appeared  to  be

fjc ^  VI ̂  % 4, -iv\ VQl o b \  S ,

5* The r e s p i r a t o r y  e f f e c t s  of h is tam ine  and b rad y k in in  

were p rev en ted  by mepyramine and meclofenamate r e s ­

p e c t iv e ly  bu t the r e s p i r a t o r y  e f f e c t s  o f  5-hydroxy­

tryp tam ine p e r s i s t e d . i n  the p resence o f  50106? and 

m ethyserg ide .
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6. A ll 5 su b s tan ces  caused c o n t r a c t io n  o f  i s o l a t e d  

pulmonary smooth muscle and th ese  e f f e c t s  were 

i n h ib i t e d  by s p e c i f i c  or s e l e c t iv e  a n ta g o n is t s .

7* H istam ine, 5-hydroxytryptam ine and b rad y k in in  

reduced  p e r fu s io n  r a t e  through bo th  the  airv/ays 

and blood v e s s e ls  o f  the i s o l a t e d  lung .
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4. MODIFICATION OP ACUTE SYSTOMIC ANAPHYLAXIS BY 

ANTAGONISTS AND BY VACOTOM

ANIMALS

A l l  a n im a ls  u s e d  h ad  b e e n  s e n s i t i s e d  t o  o v a lb u m in  or  

h o r s e  serum  and had  shown s e v e r e  d y sp n o e a  (+ + + )  on c h a l l e n g e .  

A l l  h a d  b e e n  c h a l l e n g e d  on a t  l e a s t  2 p r e v i o u s  o c c a s i o n s . 

G roups o f  2 t o  18  a n im a ls  w ere  u s e d  i n  c r o s s - o v e r  t e s t s ^ s o  

t h a t  e a c h  a n im a l  s e r v e d  a s  i t s  own c o n t r o l  i n  t h e  a s s e s s m e n t  

o f  t h e  e f f e c t s  o f  a n t a g o n i s t s  on t h e  sym ptom s o f  a n a p h y l a x i s .

IVIATBRIALS AND IVlSTPIQDS

O valbum in  vms p r e p a r e d  a s  a  5^ s o l u t i o n  i n  s t e r i l e  s a l i n e  

a s  d e s c r i b e d  i n  S e c t i o n  I I .  1 .  H orse  serum  was a l s o  p r e p a r e d ,  

a s  d e s c r i b e d  i n  S e c t i o n  I I .  1 from  c l o t t e d  h o r s e  b l o o d .  A 

c o n s t a n t  c h a l l e n g e  d o s e  o f  a n t i g e n  ( a b o u t  2 . 0  mg/Kg) was  

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

s i s t e n t ,  n o n - f a t a l  r e a c t i o n s  w ere  p r o d u c e d .
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The a n t a g o n i s t  d r u g s  u s e d  w e re ;

a t r o p i n e  s u l p h a t e  ( O . l  mg/K g)  

m epyram ine m a le a t e  ( 2 . 0  mg/Kg)

p r o m e t h a z in e  h y d r o c h l o r i d e  (May and B a k e r )  ( l . O  mg/iCg) 

c y p r o h e p t a d in e  h y d r o c h l o r i d e  ( 0 .3  m g/K g)  

m e t h y s e r g i d e  b i m a l e a t e  ( O . l  mg/K g)

5OIC67 ( 1 . 0  mg/Kg)

so d iu m  m e c lo fe n a m a te  ( 1 . 0  t o  2 . 0  m g/K g)

p h e n y lb u t a z o n e  ( S t e v e n s o n ,  T urner  and B oyce  L t d . )  ( l . O  mg/K g)  

d is o d iu m  o r o m o g ly c a t e  ( P i s o n s  P h a r m a c e u t i c a l s  L t d . )  (50  mg/Kg)  

d i e t h y l c a r b a m a z i n e  c i t r a t e  (B u r r o u g h s  W ellcom e & C o . )  ( 2 0  mg/Kg)

B a c h , o f  t h e  a b o v e  a n t a g o n i s t s  was a d m i n i s t e r e d  s i n g l y  

an d  Yias i n j e c t e d  i n t r a v e n o u s l y  5 m in .. b e f o r e  c h a l l e n g e  w i t h  

a n t i g e n ^ w i t h  t h e  e x c e p t i o n  o f  d i e t h y l c a r b a m a z i n e  and d is o d iu m  

o r o m o g ly c a t e  w h ic h  w ere  i n j e c t e d  i n t r a m u s c u l a r l y  ^0 m in . b e f o r e  

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



2 4  4

was n o t r e p e a te d  a f t e r  t h i s  had r e s u l t e d  in  s ig n s  of 

c e n t r a l  nervous s t im u la t io n  and c o l la p s e .  Disodium cromo- 

g ly c a te  was r e p o r te d  by the m anufac tu rers  to  a c t iv a t e  

chem oreceptors in  the pulmonary and coronary  c i r c u l a t i o n s  

of the dog when i n j e c t e d  in t r a v e n o u s ly .

The e f f e c t  o f  u s in g  mepyramine to g e th e r  w ith  m eclofena­

mate was subsequen tly  in v e s t ig a te d .  A trop ine  was used w ith  

the  o b je c t  of b lo c k in g  vagal r e f l e x  e f f e c t s  p o s s ib ly  produced 

by in tra v e n o u s  i n j e c t i o n  (G ild in g  and N u tt,  1943) and the 

dose was th a t  recommended to  c o u n te ra c t  organophosphorus 

p o iso n in g  in  c a t t l e  (G arner, I 961) .  This dose was found to  

i n h i b i t  the  e f f e c t s  of 0 .08  mg/Kg a c e ty lc h o l in e  ad m in is te red  

in t r a v e n o u s ly  (See P i g . 4* 11). The doses of mepyramine, 

cyprohep tad ine  and m ethysergide were those found p re v io u s ly  

to  i n h i b i t  the  e f f e c t s  produced by a d m in is t r a t io n  of h is tam ine  

( 0.05  mg/lCg) and 5-hydroxytryptam ine (0.07  mg/Kg) r e s p e c t iv e ly  

in  c a t t l e .  The dose of meclofenamate was as  used  by C o l l i e r



and James ( I 967) in  g u in ea -p ig s  to  an tag o n ise  b ra d y k in in  

and SRS-A. The doses of phenylbutazone and prom ethazine 

were the  th e ra p e u t ic  doses recommended by th e  m anufactu rers  

and the  doses o f  disodium cromoglycate and d ie th y lcarb am azin e  

were those  used  by Orange and Austen ( I 968 ) to  i n h i b i t  

r e le a s e  o f  h is tam in e  and SES-A r e s p e c t iv e ly  in  r a t s .  Sach 

animal was observed fo r  a t  l e a s t  one h r .  a f t e r  cha llenge  and 

the d u ra t io n  of c o l la p s e ,  degree of dyspnoea, frequency  of 

coughing, in c re a s e  in  s a l i v a t i o n ,  n a s a l  d isc h a rg e  and l a c r i -  

m ation were sco red  in  degrees of s e v e r i ty  from + to  +++.

Table 4* 1 l i s t s  the humoral f a c t o r s  p o s s ib ly  produced 

or r e l e a s e d  during  anaphy lax is  and the a n ta g o n is t s  used  to. 

i n v e s t i g a t e  t h e i r  p a r t i c i p a t i o n .  The doses of a n ta g o n is t s ,  

ro u te s  o f  a d m in is t r a t io n  and time i n t e r v a l s  between admin­

i s t r a t i o n  of a n ta g o n is t  and cha llenge  w ith  a n t ig e n  a re  ' 

summarised in  Table 4« 1*
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S ubsequen tly , the  e f f e c t s  of ch a llenge  on a n a e s th e t i s e d  

anim als p r e t r e a t e d  w ith  a n ta g o n is t s  were examined* The drugs 

used  in  a n a e s th e t i s e d  anim als were a t ro p in e ,  mepyramine,

5OIG67 and raeolofenamate• Three a n a e s th e t i s e d  anim als were 

s u b je c te d  to  b i l a t e r a l  vagotomy, c a r r i e d  ou t as d e sc r ib e d  in  

S e c t io n  I I .  3> b efo re  c h a lle n g e . R e s p ira to ry  flow , minute 

r e s p i r a t o r y  volume, system ic a r t e r i a l  b lood p re s s u re ,  pulmonary 

a r t e r i a l  b lood p re s su re  and h e a r t  r a t e  were measured and r e ­

corded in  th e se  an im als as d e sc r ib e d  in  S ec t io n  I I .  2.

RBSÏÏLTS

a) CONSCIOUS ANIMALS

The e f f e c t  o f  p re tre a tm e n t  w ith  a t ro p in e  on the s e v e r i ty  

of a n a p h y la c t ic  shook i s  shovm in  P ig . 4* 1> where h istogram s 

r e p r e s e n t  the  average s e v e r i ty  of  each symptom in  a group of 

4 an im als . S a l iv a t io n ,  n a s a l  d isch arg e  and la c r i ra a t io n  were 

a b o l ish e d .  Coughing was l e s s  marked b u t dyspnoea was unchanged 

and the  d u ra t io n  of c o l la p se  s l i g h t l y  in c re a s e d  in  one animal 

a f t e r  a t ro p in e  p re t re a tm e n t .
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Wlien a group of 6 anim als were p r e t r e a t e d  w ith  meclo­

fenamate the e f f e c t s  o f ‘subsequent ch a llen g e  w ith  a n t ig en  

were l a r g e ly  supp ressed . This p r o te c t iv e  e f f e c t  o f  meclo­

fenamate was t e s t e d  in  2 f u r th e r  groups o f  6 an im als . At 

l e a s t  2  c r o s s - o v e r - t e s t s  were c a r r i e d  ou t on each an im al.

The f in d in g s  o b ta in e d  from a t o t a l  of 18 an im als are  summarised 

in  F ig . 4» 2. C o llap se , r e s p i r a t o r y  d i s t r e s s  and n a s a l  

d isch a rg e  were r e g u la r ly  p rev en ted . The re d u c t io n  in  coughing, 

s a l i v a t i o n  and la c r im a t io n  was more v a r i a b l e .  In c re a s in g  

the dose of meclofenamate from 1 .5  mg/Xg to  2 .0  mg/Xg d id  

n o t in c re a s e  the  degree of p r o te c t io n .  F ig .  4* 5 shows the 

e f f e c t ^ i n  a  group o f  6 aniraals^of p re tre a tm e n t  w ith  meclo­

fenamate a lo n e , the a n t ih is ta m in e ,  mepyramine alone and 

meclofenamate to g e th e r  w ith  mepyramine. Mepyramine a lone had 

l i t t l e  e f f e c t  on any of the  symptoms of an ap h y lax is  w ith  the  

e x c ep tio n  of la cp im a tio n  which v/as reduced . Likewise mepy­

ramine used  to g e th e r  w ith  meclofenamate improved on meclo­

fenamate alone on ly  in  red u c in g  la c r im a t io n .  Of 24 anim als
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p r e t r e a te d  w ith  e i t h e r  meclofenamate alone or  meclofenamate 

and mepyramine only  one animal f a i l e d  to  be p r o te c te d .  

F in d in g s  were s im i la r  whether the  a n t ig e n  invo lved  was 

ovalbumin or horse  serum. As shown i n  F ig . 4* 4^2 anim als 

which had been s e n s i t i s e d  by in tram u sc u la r  i n j e c t i o n s  of 

ovalbumin w ith  F re u n d 's  ad juvan t f a i l e d  to  be p ro te c te d  by 

p re t r e a tm e n t  w ith  2 mg/'Kg meclofenamate a g a in s t  cha llenge  

w ith  a dose o f  1 .5  mg/Kg ovalbumin. As p re v io u s ly  d e sc r ib e d  

in  S e c t io n  I I .  1 anim als s e n s i t i s e d  in  t h i s  way r e a c te d  

more s e v e re ly  to  equal doses of ovalbumin than  d id  those 

s e n s i t i s e d  w ithou t a d ju v a n t .  A cha llenge  dose of  0 .05  mg/Xg 

ovalbumin in  an animal s e n s i t i s e d  w ith  F re u n d 's  ad juvan t 

produced a r e a c t io n  c h a ra c te r i s e d  by s ta g g e r in g  bu t no t 

c o l la p s e ,  dyspnoea (+++) w ith  the mouth open, neck extended 

and e x p i r a to ry  g ru n t in g  and o th e r  symptoms. Repeated t e s t s  

on t h i s  an im al, summarised in  Table 4*2, r e v e a le d  su p p ress io n  

by meclofenamate of an an a p h y la c t ic  r e a c t io n  of t h i s  degree 

of  s e v e r i ty .
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2 4 9

F ig . 4* 5 shows the  f a i l u r e  of cyprohep tad ine  in  

r ed u c in g  the  s e v e r i ty  o f  anaphy lax is  in  a group of 4 an im als . 

Every symptom was s l i g h t l y  more marked where cyproheptad ine 

p re tre a tm e n t  had been c a r r i e d  o u t .  F ig .  4«(5 shows the e f f e c t  

o f  m e th y se rg id e , l i k e  cy p ro h ep tad in e , an a n ta g o n is t  of 

5“hydroxytryp tan iine . This appeared to  reduce  coughing, 

s a l i v a t i o n ,  n a s a l  d isch a rg e  and la c r im a t io n  bu t the  inc idence  

of  c o l la p s e  and degree of dyspnoea were unchanged.

Phenylbutazone i s  a compound s im i la r  to  meclofenamate 

in  i t s  chemical p r o p e r t i e s  and a b i l i t y  to  an tag o n ise  broncho- 

c o n s t r i c t i o n  induced by S R S - A  or k in in s  in  the  g u in e a -p ig  

( C o l l i e r  and S horley , I 96O, 15&5; Berry and C o l l i e r ,  I 964)* 

This reduced the  s e v e r i ty  of a l l  the  symptoms but l e s s  

r e g u la r ly  and com pletely  than  d id  meclofenamate (F ig , 4* 7)* 

One o f  the  4 anim als t e s t e d  s u f fe re d  f a t a l  anaphy lax is  a f t e r  

phenylbutazone p r e t r e a tm e n t . A s  meclofenamate a c t s  as an 

a n ta g o n is t  of S R S - A  ( C o l l i e r  and James, I 966) and d i e th y l -
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carbamazine i n h i b i t s  r e l e a s e  of SRB-A in  the r a t  (Orange 

and A usten, 1968)^4 anim als were p r e t r e a te d  w ith  d i e t h y l ­

carbam azine. The r e s u l t s  a re  summarised in  F ig . 4* 8» Two 

o f  th e  anim als t e s t e d  showed a marked r e d u c t io n  in  dyspnoea 

and d id  n o t c o l la p s e  when p r e t r e a te d  w ith  d ie th y lca rb a m a z in e .

The o th e r  2  an im als , however, showed unm odified  r e a c t io n s .

Prom ethazine, an a n t ih is ta m in e  of l e s s  s p e c i f i c  a c t io n  

than  mepyramine, disodium cromoglycate^which i n h i b i t s  h is tam ine  

r e l e a s e  i n  r a t s  (Orange and Austen, 1968^ and 5OIO6Y, an 

a n ta g o n is t  o f  5“bydroxytryptam ine (Mawson and W hitting ton ,

1970) were each t e s t e d  in  one animal bu t as  they  showed no 

evidence of  red u c in g  the  s e v e r i ty  of any of the  symptoms of 

an ap h y lax is  they  were no t in v e s t ig a te d  f u r t h e r .

b) ANAFSTHETISBD ANIMALS

The e f f e c t s  of ch a lle n g in g  a n a e s th e t i s e d  anim als w ith  

a n t ig e n  a f t e r  b i l a t e r a l  vagotomy, a d m in is t r a t io n  of a t ro p in e ,  ■ 

meclofenamate, mepyramine and 5OIG67 a re  summarised in  Table 4 = 5*
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■ In  2 o f  5 v a g o to m ise d  a n im a ls  apnoea  d id  n o t  o ccu r  

on c h a l l e n g e  w i t h  o v a lb u m in . Both t h e s e  a n im a ls  showed a 

r e d u c t i o n  i n  r e s p i r a t o r y  f lo w  and m inute volume ( F i g .  4* 9)*

In  th e  an im al w h ich  d id  show apnoea t h i s  d e v e lo p e d  2 m in. a f t e r  

a n t ig e n  a d m in i s t r a t i o n  w h i le  b lo o d  p r e s s u r e  ch a n g es  o c c u r r e d  

a f t e r  18 s e c .  ( F i g .  4* lO ) .  A nim als c h a l l e n g e d  w i t h o u t  p r e ­

tr e a tm e n t  c o n s i s t e n t l y  showed s im u lta n e o u s  o n s e t  o f  apnoea  

and b lo o d  p r e s s u r e  ch a n g es  ( S e c t i o n  I I .  2 ) .  A l l  5 v a g o to m ise d  

a n im a ls  s u f f e r e d  s y s t e m ic  h y p o te n s io n  and b r a d y c a r d ia  f o l l o w i n g  

c h a l l e n g e  w i t h  15 mg/lCg o va lb u m in . Pulmonary h y p e r t e n s io n  

o c c u r r e d  i n  b o th  a n im a ls  i n  w hich  t h i s  was m easured .

P re tre a tm e n t  w ith  0 .1  mg/Kg a t ro p in e  f a i l e d  to p reven t 

the t y p i c a l  e f f e c t s  o f  anaphy lax is^as  shown in  F ig . 4* 11.

T h is  d o se  o f  a t r o p in e  p r e v e n te d  th e  h y p o t e n s iv e  e f f e c t s  o f  

a c e t y l c h o l i n e  ( F i g .  4* 1 2 ) .

M eclo fen am ate  ( 2 . 0  m g/hg) p r e tr e a tm e n t  r e s u l t e d  i n  sup p ­

r e s s i o n  o f  th e  r e s p i r a t o r y  ch an ges  a s s o c i a t e d  w i t h  a n a p h y la x i s .
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B radycard ia  d id  no t occur and the degree of system ic 

hypo tension  was reduced  a lthough  pulmonary blood p re ssu re  

s t i l l  ro se  (Big. 4* 13 ). As was found in  conscious animals^ 

t h i s  p r o te c t iv e  e f f e c t  was n o t seen when an animal s e n s i t i s e d  

u s in g  F re u n d 's  ad juvan t was cha llenged  w ith  7*5 mg/Kg o v a l­

bumin (F ig .  4. 14 ).

A f te r  p re tre a tm e n t  w ith  5OIG67 apnoea d id  no t occur 

a l th o u g h  r e s p i r a t o r y  minute volume was reduced . B radycard ia  

and blood p re ssu re  changes occu rred  bu t were o f  r e l a t i v e l y  

sm all s e v e r i ty  (F ig , 4 . 15). P re tre a tm e n t w ith  mepyramine 

(2 mg/Kg) d id  n o t  r e s u l t  in  any m o d if ic a t io n  of anaphy lax is

(F ig .  4 . 16 ) .

c )  HAEMATOLOGY

Blood samples o b ta in ed  im m ediately b e fo re  and 5 min. 

a f t e r  i n j e c t i o n  of a n t ig e n  were examined as  d e sc r ib e d  in  

S e c t io n  I I .  2 and changes in  t o t a l  w hite b lood  c e l l s ,  d i f f e r ­

e n t i a l  w hite c e l l  counts and packed c e l l  volumes reco rd ed .
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Of 16 anim als examined, only 2 f a i l e d  to  show a re d u c t io n  

in  t o t a l  WBO and ^  n e u t ro p h i l s  a f t e r  i n j e c t i o n  of a n t ig e n .  

One o f  th e se  was a vagotomised anim al, which had a low 

w hite  b lood c e l l  count befo re  c h a llen g e , the  o th e r  v/as one 

p r e t r e a t e d  w ith  50106?, the 5-bydroxytryptam ine a n ta g o n is t ,  

in  which the  t o t a l  YffiC count in c re a se d  a f t e r  c h a lle n g e .

The haem ato lo g ica l changes a s s o c ia te d  w ith  i n j e c t i o n  of 

a n t ig e n  fo llo w in g  p re tre a tm e n t  w ith  meclofenamate are  

summarised in  Table 4* 4* A ll 5 anim als p r e t r e a t e d  w ith  

meclofenamate showed haem ato log ica l changes ty p ic a l  of those  

o c c u r r in g  d u ring  anaphy lax is  a l though  the  symptoms of ana­

p h y la x is  were l a r g e ly  suppressed . Suppression  of symptoms 

by meclofenamate d id  no t in c lu d e  su p p ress io n  of haem atolo­

g ic a l  changes.

d) PATHOLOGY

P o st mortem exam ination  of anim als ch a lle n g ed  under 

a n a e s th e s ia  a f t e r  p re tre a tm e n t  w ith  a n ta g o n is t s  was c a r r i e d
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out as d e sc r ib e d  in  S ec t io n  IX, 2. A f te r  a d m in is t r a t io n  

of ovalbumin the lungs o f  an in tra v e n o u s ly  s e n s i t i s e d  animal 

p r e t r e a te d  w ith  meclofenaraate appeared normal on g ross  exam­

i n a t io n ,  A few sm all haemorrhages were p re s e n t  bu t the oedema 

and c o l la p s e  ty p ic a l  of anaphy lax is  were a b s e n t .  The w all 

of  the sm all i n t e s t i n e  was haemorrhagic and the  co n ten ts  were 

mucoid and mixed w ith  blood. H is to lo g ic a l  exam ination  o f  the 

i n t e s t i n e  r e v e a le d  co n g es tio n  and haemorrhage o f  mucosal blood 

v e s s e l s .  A f te r  a d m in is t r a t io n  of ovalbumin to  an animal se n s ­

i t i s e d  by in tra m u sc u la r  i n j e c t io n s  of ovalbumin w ith  F re u n d 's  

ad ju v an t  and s im i la r ly  p r e t r e a te d  w ith  rneclofenamate the  lungs 

showed severe  pulmonary oedema and co n g es tio n  of a l l  lo b e s ,  

e n d o c a rd ia l  haemorrhages and hyperaemia of the  sm all i n t e s t i n a l  

w a l l .  The e f f e c t s  of p re tre a tm e n t  w ith  a n ta g o n is t s  on the  

p a th o lo g ic a l  changes a s s o c ia te d  w ith  an a p h y lax is ,  in  a l l  bu t 

the  2 cases  d e s c r ib e d ,  could no t be a s se s s e d  as substances  o th e r  

than  a n t ig e n  namely h is tam in e ,  5-hydroxytryptam ine or b ra d y k in in  

were ad m in is te re d  b efo re  the anim als d ied  o r  were k i l l e d .
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smmHY

1. Only sodium rneclofenamate, an a n ta g o n is t  o f  b rady­

k in in  and SRS-A, r e g u la r ly  reduced  the s e v e r i ty  of

■ the  r e s p i r a t o r y  and c i r c u la to r y  e f f e c t s  of anaphy lax is  

i n  bo th  conscious and a n a e s th e t i s e d  c a t t l e ,

2, The p r o te c t iv e  e f f e c t  o f  rneclofenamate was no t ap paren t 

i n  anim als s e n s i t i s e d  u s in g  F re u n d 's  ad ju v an t but

t h i s  seemed to  be r e l a t e d  to  the  g r e a t e r  s e v e r i ty  of 

the  r e a c t io n s  shown by such an im als ,

5. Challenge a f t e r  p re tre a tm e n t  w ith  rneclofenamate r e s u l t e d  

in  h aem ato log ica l changes c h a r a c t e r i s t i c  of an ap h y lax is ,

4. The r e s p i r a t o r y  e f f e c t s  of an aphy lax is  were reduced 

in  vagotomised an im als ,

5, B,W, 5OIC67 appeared to  reduce the  s e v e r i t y  of the 

r e s p i r a t o r y  and c i r c u la to r y  changes in  anim als 

ch a llen g ed  under a n a e s th e s ia  a l th o u g h  conscious c a t t l e  

were no t p ro te c te d  by t h i s  drug or by o th e r  a n ta g o n is t s  

o f  5-hydroxytryp tam ine,
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5. EFFECTS OF ANTIGEN IM VITRO

a) ISOLATE!) SMOOTH MUSCLE PREPARATIONS 

(SCHULTZ-LALE REACTIOKS)

ItATERIALS AKD METHODS

Lungs were removed from s e n s i t i s e d  and u n s e n s i t i s e d  

c a t t l e  w i th in  15 min, of s la u g h te r  and s t r i p s  of  t r a c h e a l i s  

m uscle, segments o f  b ro n c h io le s ,  segments o f  pulmonary a r t e r y  

and segments of pulmonary v e in  were suspended in  100 ml. 

organ b a th s  c o n ta in in g  K reb s-H en se le it  s o lu t io n  as  d e sc r ib e d  

i n  S e c t io n  I I .  3*

Segments of jejunum were a lso  removed from anim als w i th in  

15 rain, of s la u g h te r  and p laced  in  Tyrode s o lu t io n  a t  4^0.

S t r i p s  o f  lo n g i tu d in a l  i n t e s t i n a l  muscle, 4 cm. long  x 5 m.m. 

w ide, were d i s s e c te d  and suspended in  100 ml. organ b a th s  

c o n ta in in g  Tyrode s o lu t io n  a t  37^0 and a e ra te d  w ith  oxygen. 

C o n tra c t io n s  of the  i n t e s t i n a l  muscle were reco rd ed  i s o t o n i c a l l y
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in  the  same way as were those  of pulmonary t i s s u e .  Drugs 

were allow ed to  rem ain in  c o n ta c t  w ith  jejunum f o r  5 rain, 

w ith  20 to  50 min. i n t e r v a l s  between doses to  a llow  complete 

r e l a x a t io n  o f  the  t i s s u e .

Ovalbumin was used  in  th e se  experim ents as  horse serum 

c o n ta in e d  s u f f i c i e n t  5-hydroxytryptam ine to  s t im u la te  con­

t r a c t i o n  of a l l  th e  smooth muscle p r e p a ra t io n s  d i r e c t l y .  

Ovalbumin was ad m in is te red  in  c o n c e n tra t io n s  of 20 ug/ral to  

50 mg/ml and allow ed to  remain in  c o n ta c t  w ith  the  t i s s u e s  

fo r  5 to  50 min. The c a p a c i ty  of the t i s s u e s  to  respond to  

drugs was checked b efo re  and a f t e r  a d m in is t r a t io n  of the  an tigen .

P ass iv e  s e n s i t i s a t i o n  was a ttem p ted  by in c u b a t in g  t i s s u e s  

from u n s e n s i t i s e d  c a t t l e  and from c a t t l e  s e n s i t i s e d  w ith o u t 

F re u n d 's  ad ju v an t in  s e ra  of c a t t l e  s e n s i t i s e d  u s in g  F re u n d 's  

a d ju v a n t .  In c u b a t io n  a t  57°0 was c a r r i e d  ou t f o r  p e r io d s  of 

1, 2 and 4 h r s .  In  5 oases^where t i s s u e s  f a i l e d  to  respond 

to  ovalbumin 1 ml.^serum o b ta in ed  from anim als s e n s i t i s e d
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w ith  F reu n d 's  ad juvant was i n j e c t e d  in t o  the  100 ml. organ  

bath  20 to  $0 rain, b e fo re  subsequent i n j e c t i o n  o f  ovalbum in.

RESULTS

The ranges  o f  s e n s i t i v i t y  to  drugs o f  pulmonary tr a c h e o ­

b r o n c h ia l  and v a s c u la r  t i s s u e  are summarised i n  Table 5* 6 

( S e c t io n  I I .  5 O c o n tr a c te d  in  r esp o n se  to  a c e t y l ­

c h o l in e  ( 0 .0 5  to  l .O y u g /m l) ,  h is ta m in e  ( 0 ,1  to  2 . 0 yug/ml) 

and 5-hydroxytryptam ine  ( 0 . 5  to  l .O y U g /m l) .  The numbers o f  

an im als  from which specim ens o f  each  t i s s u e  were t e s t e d  by 

b e in g  s u b je c te d  to  ovalbumin a d m in is t r a t io n  and the numbers 

o f  th e s e  which responded to  the  a n t ig e n  are  l i s t e d  in  Table

5 . 1 .  These are d iv id e d  in t o  3 groups; u n s e n s i t i s e d  a n im a ls ,  

an im als  s e n s i t i s e d  to  ovalbumin by in tr a v e n o u s  i n j e c t i o n  

w ith o u t  F reu n d 's  ad ju vant and an im als  s e n s i t i s e d  by i n t r a ­

m uscular i n j e c t i o n  o f  ovalbumin w ith  F reu n d 's  a d ju v a n t. No 

r e s p o n s e s  to  ovalbum in were e x h ib i t e d  by t i s s u e s  from u n se n s ­

i t i s e d  a n im a ls .  Specim ens o f  jejunum from 2 ou t  o f  4 an im als



TABLE 5. 1

8GHBLT2-DALE REACTIONS

T issu e
-

Number o f Animals

U s FS

T R T R

Trachea 25 0 l6 0 5 2

B r o n c h io le 25 0 16 0 5 2

Pulmonary a r te r y 25 0 16 0 5 2

Pulmonary v e in 2 0 2 0 1 1

Jejunum 2 0 4 2
------------------:----------

5
____________

2
----------Î

U « U n s e n s i t i s e d

S « S e n s i t i s e d  w ith o u t  F reund's  ad ju vant  

FS = S e n s i t i s e d  w ith  F reun d's  adjuvant  

T = T e sted  

R = Responded
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s e n s i t i s e d  w ith o u t ad juvant were found to  c o n tr a c t  in  r e s ­

ponse to  ovalbum in, T r a c h e a l is  m u scle , b r o n c h io le ,  pulmonary 

a r te r y  and pulmonary v e in  from th e se  and from s i m i la r l y  s e n s ­

i t i s e d  an im als  f a i l e d  to  respond to  a n t ig e n .  A l l  t i s s u e s  

( t r a c h e a l i s  m u sc le ,  b r o n c h io le ,  pulmonary a r te r y  and jejunum) 

from 2 o f  5 an im als  s e n s i t i s e d  u s in g  F reu n d 's  adjuvant r e s ­

ponded to  ovalbum in as d id  the  one pulmonary v e in  t e s t e d .  

R esponses to  ovalbumin in  a l l  c a s e s  e i t h e r  f a i l e d  to  be 

e l i c i t e d  by a second dose o f  the  a n t ig e n  20 min. to  3 hr ,  

l a t e r  or were red uced  i n  m agnitude. F ig .  5« 1 shows r e sp o n s e s  

to  ovalbumin o f  pulmonary a r t e r y ,  bronchus and jejunum ob­

t a in e d  from an anim al s e n s i t i s e d  w ith  F reund’ s a d ju v a n t.

F ig .  5* 2 shows r e sp o n s e s  to  ovalbumin o f  jejunum from 

an im als  s e n s i t i s e d  w ith o u t F reund's  a d ju v a n t .  In cu b a tio n  

o f  t i s s u e s  from 3 o th e r  an im als  w ith  serum from an an im al,  

s e n s i t i s e d  w ith  F reun d's  a d ju v an t, d id  n o t  r e s u l t  in  t h e i r  

resp o n d in g  to  ovalbum in. S im i la r ly  the  p resen ce  o f  such  

serum in  the  organ bath  d id  not cause a r e sp o n se  to  ovalbum in.
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SCHULTZ- P A U  REACTIONS

FWLMOMARÏ ARTERY,

n u l l  i l i i T i i i i i  L u l l

r

  mu U II iÎlu LL I I I I  I I I  M l  I I I

t  SO 50
H IST  OVALBUMIN OVALBUMIN

10 500
H IST OVALBUMIN

BRONCHUS

i m  n u l l I I I  111 I I 11 l l l .U .U .1  Ü .1 1 1 U _iJ j  11 1 1 1  I I 1 n  I i T  n i l U . M J U U
so

OVALBUMIN
50

OVALBUMIN
to

ACH

JEJUNUM

M INS L l l u . l  1 111 l i L l  11 11

MO / m l/ ’
F ig , 5 .1  - E f fe c t s  of an tigen  on i s o la t e d  t i s s u e s  from an animal 

s e n s i t i s e d  using Freund's adjuvant.
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S ç m a u - D ^  REACTIONS

JEJUNUM

I I I .1—1 J I T t I I t i I I > I ii L_l J__ LIN S

0 2
H I S T

N O . 4 1 0 0 0  (s)

OVALBUMIN

ligŷ ml

j e j u n u m

OVALBUMIN

J L
02

HIST

j__l

M IN S
50

OVALBUMIN

r

0 2
A C H

50

O V A L B U M IN

01
ACH

50

OVALBUMIN

F ig . 5 ,2  - E f f e c t s  o f a n tigen  on i s o la t e d  jejunum from animals 
s e n s i t i s e d  w ithou t adjuvant.
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■b) LOTS PERFUSION

EFFECT OP AHTIGBH OH VASCULAR PERFUSION RATE 

MATERIALS AMD METHODS

I s o l a t e d  lo b e s  o f  lu n g  from s e n s i t i s e d  and u n s e n s i t i s e d  

an im a ls  were p e r fu se d  w ith  oxygenated  ty ro d e  s o l u t i o n  as d e s ­

c r ib e d  in  S e c t io n  I I ,  3* Tyrode s o l u t i o n  c o n ta in in g  1 ,0  mg/ml 

ovalbumin was s u p p l ie d  from a second a s p ir a t o r  by means o f  a 

p o ly th en e  tube w hich , a f t e r  p a s s in g  through the  water bath ,  

communicated w ith  the tube from the a s p ir a t o r  c o n ta in in g  

tyrod e  s o l u t i o n  and w ith  the  cannula i n s e r t e d  i n  the pulmonary 

a r t e r y  by means o f  a Y p ie c e  as  shown in  F ig ,  5* 5* The 

volume o f  f l u i d  f lo w in g  from the pulmonary v e in  was measured  

over a l t e r n a t e  30 s e c .  p e r io d s .  The lu n g  was p e r fu se d  a t  a 

r a t e  o f  1 ml/gm /m in, u n t i l  b lood  was no lo n g e r  g r o s s ly  v i s i b l e  

in  the  p e r f u s a t e .  The p e r fu s io n  r a te  was then  reduced  to  

0 ,2 5  to  0 .5  m l/gm/min. and p e r fu s io n  w ith  Tyrode was c a r r ie d  

out fo r  15 to  30 min. C lip  A ( F ig .  5. 3) was then  c lo s e d  and
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s im u lta n e o u s ly  c l i p  B opened to  a l lo w  p e r fu s io n  w ith  

ovalbumin s o l u t i o n  ( l  mg/ml) f o r  the  su c c e e d in g  15 to  50 

min. C lip  B was c lo s e d  and A then re -op en ed ^ to  a l lo w  p er­

f u s io n  w ith  Tyrode to  co n t in u e  f o r  the n e x t  15 to  50 min.

The e f f i c i e n c y  o f  p e r fu s io n  o f  the lu n g  was checked a t  the  

c o n c lu s io n  o f  each experim ent by i n j e c t i n g  E van 's  Blue dye 

as p r e v io u s ly  d e sc r ib e d  ( S e c t io n  I I .  5)* P e r fu s io n  w ith  

Tyrode s o l u t i o n  a lo n e  was c a r r ie d  o u t  fo r  one h r .  i n  one case

RESULTS

Changes in  p e r fu s io n  r a te  d u rin g  p e r fu s io n  w ith  Tyrode 

s o l u t i o n  b e fo r e  and a f t e r  ovalbumin and the  changes^v/hioh  

o ccu rred  during  p e r fu s io n  w ith  ovalbumin^were c a lc u la t e d  fo r  

the  5 groups o f  lu n g s  namely, th o se  lu n g s  from a) an im als  

s e n s i t i s e d  w ith o u t  F reund's  ad ju v an t, b) an im als s e n s i t i s e d  

w ith  F reun d's  ad juvant and c )  u n s e n s i t i s e d  an im a ls .  F ig .

5. 4 and 5* 5 show th e  changes o c cu rr in g  d u rin g  p e r fu s io n  

w ith  Tyrode s o l u t i o n  a lo n e  and w ith  ovalbumin s o l u t i o n  o f
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lu n g  o b ta in e d  from u n s e n s i t i s e d  and s e n s i t i s e d  anim als  

r e s p e c t i v e l y .  The r a t e  o f  p e r fu s io n  was found to d ecrea se  

d u rin g  the  cou rse  o f  the ex p er im en ts .  However, the e f f e c t s  

on the  r a t e  o f  p e r fu s io n  o f  ovalbumin were not s i g n i f i c a n t  

fo r  any o f  the  3 groups o f  a n im a ls .  The g r e a t e s t  changes  

occu rred  in  lu n g s  o f  an im als s e n s i t i s e d  u s in g  F reund's  

ad ju van t ( F ig .  5* 5)* As shown i n  F ig .  5* 4 the  a b i l i t y  

o f  p r e p a r a t io n s  to  resp ond  to  drugs was checked a t  the con­

c lu s io n -  o f  each exp er im en t. The e f f e c t  o f  r a i s i n g  the  l e v e l  

o f  Tyrode in  the  r e s e r v o i r  v/as a l s o  checked and found to  be 

n e g l i g i b l e  ( F ig .  5. 5)*
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SUMvïAKY

1 . B o h u ltz -D a le  r e a c t io n s  were shown by pulmonary 

smooth m uscle o n ly  from anim als s e n s i t i s e d  u s in g  

I’reund ' s a d ju v a n t .

2 . S c h u ltz -U a le  r e a c t io n s  were shown by jejunum from 

anim als s e n s i t i s e d  w ith  or w ith o u t  F reun d's  a d ju v a n t .

5 . The e f f e c t  o f  a n t ig e n  in  r e d u c in g  the  r a te  o f  v a s ­

c u la r  p e r fu s io n  o f  i s o l a t e d  lu n g  was v a r ia b le .  The 

r e d u c t io n  was g r e a t e s t  in  an anim al o f  the group 

s e n s i t i s e d  u s in g  F reun d 's  ad juvant but the change 

i n  p e r fu s io n  r a te  was not s i g n i f i c a n t  f o r  t h i s  group  

or f o r  the group s e n s i t i s e d  w ith o u t  ad ju v a n t.
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6. IhVEüTIGATIOh OF RFLEASF OF PHARMACOLOGICALLY 

’ active: SU:BSTAhC;;iB DURING ANAPHYLAXIS

a) CONCSimUTION OF HISTAMIN’3 IF TISSUES

MATERIALS AFU MFTHOUS

Samples o f  lu n g , p le u r a ,  l i v e r ,  l i v e r  c a p s u le ,  abomasum, 

c o lo n ,  i leu m , sm all i n t e s t i n e ,  s k in ,  omentum and subcutaneous  

t i s s u e ^ w e ig h in g  200 to  500 mg.ywere removed w i t h in  15 min. 

a f t e r  death  from a n im a ls ,  which d ie d  o f  a n a p h y la x is ,  or which  

were k i l l e d  w i th in  50 min. a f t e r  u n d ergo in g  a n a p h y la x is  and 

from c o n t r o l  an im als  o f  the same breed and age k i l l e d  by humane 

k i l l e r .  T is s u e s  from a group o f  5 c a lv e s  aged 4 days were a l s o  

examined. E s t im a t io n s  o f  h is ta m in e  c o n ten t  were c a r r ie d  out  

on 2 or 4 sam ples o f  each t i s s u e  and the h is ta m in e  c o n te n t  e x ­

p r e s se d  as the average i n  jUg h is ta m in e  base per gra. t i s s u e .

H istam ine was e x tr a c t e d  from the  t i s s u e s  by the method d e sc r ib e d

by F e ld b er g  and H a rr is  (1955)*  T issu e  was v/eighed on a s i n g le
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pan a n a l y t i c a l  b a lan ce  then  t r a n s fe r r e d  to  a mortar c o n ta in in g  

5 to  5 ml. f / 3 h y d r o c h lo r ic  a c id  and ground w ith  sand. The 

t i s s u e  and sand to g e th e r  w ith  w ash in gs , t o t a l l i n g  app rox im ate ly  

5 m l.^were then  t r a n s f e r r e d  to  a f l a s k  and h e a ted  to  b o i l i n g  

p o in t  on a h o t  p l a t e .  A fte r  b o i l i n g  fo r  50 min. each  f l a s k  

was s to p p ered  and s to r e d  a t  -20^0 u n t i l  a s s a y e d .

The n e u t r a l i s e d  e x t r a c t  was a ssa y ed  f o r  i t s  h is ta m in e  

c o n te n t  on i s o l a t e d  g u in e a - p ig  ileum  suspended in  oxygenated  

Tyrode s o l u t i o n ,  c o n ta in in g  a tr o p in e  (4  x 10 ^M) a t  57^0. A 

stan d ard  s o l u t i o n  o f  h is ta m in e  was prepared from h is ta m in e  

d ih y d r o c h lo r id e  and a 5 -p o in t  a s s a y  c a r r ie d  o u t by the con­

v e n t io n a l  tech n iq u e  in  which t e s t  and stan dard  s o l u t i o n s  o f  

h is ta m in e  were added a t  i n t e r v a l s  o f  2 min. to  th e  organ b ath .  

Each s o l u t i o n  was a l lo w e d  to  a c t  fo r  50 s e c .  T e s t  s o l u t i o n s  

were added m anually  w h ile  an autom atic  a s s a y  apparatus ( C a s e l la  

E l e c t r o n ic s )  as d e s c r ib e d  by Boura, Mongar and S c h i ld  (195 4 )  

a d m in is te r e d  stan dard  s o l u t i o n s  a t  r e g u la r  i n t e r v a l s .  A l l
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d i l u t i o n s  o f  drugs and t i s s u e  e x t r a c t s  were made in  

Tyrode s o l u t i o n .  C o n tra c t io n s  o f  g u in e a -p ig  i leum  were 

r ec o rd ed  by means o f  a l in e a r  motion tra n sd u c er  and a 

p o t e n t io m e t r ic  recorder^ g i v in g  a m a g n i f ic a t io n  o f  x 40 

to  120 . The minimum c o n c e n tr a t io n  o f  h is ta m in e  d e t e c t a b le  

was 0 .0 0 4  jU-g/ml. The natu re  o f  the c o n t r a c t in g  su b stan ce  

was confirm ed by antagonism  w ith  mepyramine m olea te  (10"^M).

RESULTS

The mean h is ta m in e  c o n ten t  o f  each t i s s u e  o b ta in ed  from  

c o n t r o l  c a lv e s  aged 5 to  6 months or 4 days and c a lv e s  aged  

5 to  6 months which had shown a n a p h y la x is  w i t h in  50 min. 

b e fo r e  death  i s  shown in  Table 6 . 1 a )  b) c ) .  The h is ta m in e  

c o n te n t  o f  the t i s s u e s  v a r ie d  w id e ly  betw een in d iv id u a l  

an im als in  a l l  5 groups . The c a lv e s  aged 4 days tended to  

have low er h is ta m in e  l e v e l s  than d id  o ld e r  c a lv e s .  T is s u e s  

from an im als  which had shown a n a p h y la x is  b e fo r e  death  showed 

no e v id en ce  o f  a l o s s  o f  h is ta m in e .  H istam in e  l e v e l s  i n  the



TABLE 6.1 HISTAMINE CONTENT OF TISSUES pg/gm

a) Control Calve* aged 3-6 months

Tissue Liver
Capsule

Pleura Lung Ileum Abomasum Liver Colon Skin Sub-Cut. Omentum Nasal
Mucosa

No.
ÔF
XrTlmals 11 11 12 10 6 12 11 12 10 11 1

Range
1 9 ^

1.14

7 ^ 1

21.57

44.3 8 1 ^

8.26

4 1 ^

7.81

26.87

3.51

22.24

6.42

1 8 ^

3.88
1 1 ^
1.03

11.19
/0.94

Mean 105.9 47.49 27.59 22.1 18.59 11.26 11.24 8.55 6,56 2.93 6.52

1 69.6 17.33 10.86 21.5 12,2 7.39 4.22 6.23 4.0 2.9

b> Control Calves aged 4 days.

Tissue Liver
Capsule

Pleura Lung Ileum Liver Colon Skin Sub-Cut. Omentum

No.
ÔT
XEimals 3 2 2 3 3 3 3 3 3

51.24 18.92 3.21 6.08 4.12 4.01 4.73 2.09 2,03
Range / / / / / / / / /

9.17 5.17 3.17 2.33 0.26 3.06 1.82 1.03 0.74

Mean 31.13 12.04 3.19 3.74 2.52 3.6 3.52 1,44 1.47

c) Shocked Calves

Tissue Liver
Capsule

Pleura Lung Ileum Abomasum Liver Colon Skin Sub-Cut Omentum Nasa 1 
Mucosa

No.
% r
Snïmals

2 2 3 3 2 3 2 2 2 2 1

Range
956.25

45.65
12^^
23.84

43.0
/4.04

82.41

11,26 12.27
80.49

2.85

4J^5
11.89

52.^
6^59

3 9 ^

8.15

2 9 ^

8.53

Mean 500.95 72.69 18.87 35.17 13.4 32.38 26.69 28.95 23.64 19.03 4.04
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t i s s u e s  from such an im als  showed some ten dency  to  he h ig h er  

than th o se  in  t i s s u e s  from c o n tr o l  c a l v e s .  The extreme  

v a r i a b i l i t y  o f  h is ta m in e  l e v e l s  made i t  v e ry  d i f f i c u l t  to  

draw f irm  c o n c lu s io n  from the r e s u l t s .  In  each  anim al the  

r e l a t i v e  h is ta m in e  l e v e l s  o f  d i f f e r e n t  t i s s u e s  were con­

s i s t e n t  in  th a t  l i v e r  ca p su le  co n ta in ed  the  h ig h e s t  concen­

t r a t i o n  o f  h is ta m in e  f o l lo w e d  by p le u r a ,  lu n g  and i leu m ,

b) BLOOD LEVBX.S OF HISTAMINE

IVLATBRIALS AND IvIBTHODS

MBThOD

The method o f  e x t r a c t i o n  o f  h is ta m in e  from b lo o d  samples  

was t h a t  d e s c r ib e d  by Sanford  ( I 9 6 2 ) ,  T h is  vfas based  on the  

method d e s c r ib e d  by Adam, Hardwick and Spencer (1957)*  Blood  

was c o l l e c t e d  in  n y lon  c e n tr i f u g e  tub es  o f  15 m l. c a p a c ity

X

c o n ta in in g  h ep ar in  (lO i . u / m l ,  b lo o d )  to  p reven t c l o t t i n g .  

A fte r  c e n t r i f u g i n g  a t  5^0 fo r  50 min, a t  2 ,0 0 0  r e v s , /m in .  the

X i n t e r n a t io n a l  u n i t s
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plasma was removed and su b je c te d  to  fu r th e r  c e n t r i f u g a t i o n  

a t  5»000 r e v s . /m in *  fo r  $0 min. to  remove p l a t e l e t s .  D u p lic a te  

sam ples o f  plasma. (5 m l . )  were then  withdrawn and mixed w ith  

an eq u a l volume o f  6^  t r i c h l o r a c e t i c  a c id  to  p r e c i p i t a t e  

p r o t e in .  A f te r  s ta n d in g  fo r  one hour the  sam ples were c e n t r i ­

fu ged  f o r  60 min. a t  5>000 r e v s . /m in .  and the  su p ern a ta n t  was 

removed. The volume o f  su pern atan t o b ta in e d  v/as 7*0 to  7*4 ml.

H istam ine was e x t r a c t e d  from the su p ern a ta n t  by passage  

through columns c o n t a in in g  a c a r b o x y l ic  io n -ex ch a n g e  r e s i n  

(IRC 5 0 ) which had been p r e v io u s ly  prepared  by trea tm en t w ith  

sodium h y d ro x id e . -Samples were run through the columns a t  

pH 7*92 u s in g  phosphate b u f fe r  to  a t t a i n  the  c o r r e c t  degree  

o f  a l k a l i n i t y .

At t h i s  pH f r e e  h is ta m in e  i s  c o m p le te ly  adsorbed by the  

r e s i n .  The adsorbed h is ta m in e  was e lu t e d  w ith  a f i x e d  volume 

o f  O.IN h y d r o c h lo r ic  a c id  and the e lu a t e  was c o l l e c t e d  and 

su b se q u e n t ly  n e u t r a l i s e d  and a ssa y ed  b i o l o g i c a l l y .  The r a te
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o f  f lo w  o f  s o l u t i o n  through the  columns was a d ju s te d  to  

0 .2  to  0 . 5  m l/m in .

MATERIALS

G la ss  columns o f  0 .6  cm. in t e r n a l  d iam eter  and J)Q cm. 

lo n g  w ith  the  upper 10 cm. o f  the tube w idened to  2 cm. i n t .  

d ia .  to  form a c y l i n d r i c a l  b u lb , and a ground g l a s s  so c k e t  

and cone f i t t e d  to  the  upper and low er ends r e s p e c t i v e l y ,  

were u se d .

A m b erlite  C.G.50  chromatography r e s i n ,  Type I  (10 0 -2 0 0  

mesh) B .D .H .) .  T h is  was t r e a t e d  to  remove sm all p a r t i c l e s  

by su sp en d in g  30 gm. i n  1 .0  L o f  d i s t i l l e d  w a te r .  T h is  v/as 

poured o f f  a f t e r  10 min. and the r e s i n  was * re -su sp en d e d  6 . 

t im e s ,  a f t e r  which i t  was d r ie d  a t  50^0 f o r  24 h r s .

Powdered C e l lu lo s e  (Vdiatman Chromatography G rade).

Phosphate b u f fe r  (pH 7 . 9 2 ) .  T h is was made from s to c k  

s o l u t i o n s  and c o n ta in e d  55 n il. o f  0.2M HaH^PO  ̂ and 947 nil. 

o f  0 .2  M Ha^HPO  ̂ per l i t r e .  The m ixture was a d ju s te d  to
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pH 7*92 and s to r e d  in  a r e f r i g e r a t o r .  B efore  u se  the  

b u f f e r  was d i l u t e d  by making 430 ml. to  up to  1 .0  L in  

d i s t i l l e d  w a ter .

6fo t r i c h l o r a c e t i c  a c id

O.IH h y d r o c h lo r ic  a c id

O.IH and l.ON sodium hydroxide

O.Olfo n e u t r a l  r ed  s o l u t i o n

H eparin (B oots  L t d . )  1 ,0 0 0  u n i t s / m l .

METHODS

PREPARATION OF COLUMNS

Powdered c e l l u l o s e  ($00 mg) and dry r e s i n  ($0 rag) were 

mixed i n  a 2$ ml. c o n ic a l  f l a s k .  Pour m l. O.IN NaOH was 

added and the  f l a s k s  shaken to  ensure thorough m ix in g . The 

mouth o f  each  f l a s k  was then  covered  w ith  aluminium f o i l  and 

the  f l a s k s  were a l lo w e d  to stan d  o v e r n ig h t
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Eaoh g l a s s  column was s e t  up in  a rack  and f i t t e d  

w ith  a g l a s s  wool p lu g .  A 100 ml. tap fu n n e l  was f i t t e d  

a t  the  upper end and 4 n il. d i lu t e d  "buffer poured on to  

the column. Ten ml. d i l u t e d  b u f fe r  was added to  the  a c t ­

i v a t e d  r e s i n  and the c o n te n ts  o f  the c o n ic a l  f l a s k  were 

poured in t o  the  column form ing a com posite  column o f  r e s i n  

and c e l l u l o s e  about 4 cm. in  le n g th .

F urther  q u a n t i t i e s  o f  b u f fe r  were added s lo w ly  from 

the tap  fu n n e l  u n t i l  the  f l u i d  l e a v in g  the  column had reached  

pH 7 -9 2 .

PREPARATION OF PLASMA SAiVlPLkS, /O^OHPTIOK AND BLÏÏTIOH

F iv e  ml, o f  c e n tr i fu g e d  su pern atan t was t r a n s f e r r e d  to  

a 10 m l . ,  s to p p e re d , graduated  c y l in d e r  and one drop o f  

n e u tr a l  red  in d ic a t o r  was added. The s o l u t i o n  was n e u t r a l i s e d  

w ith  1 .0  RaOH added from a ^ .0  ml. b u r e t te  and the e n d -p o in t  

vias a d ju s te d  a s  n e c e s s a r y  w ith  sm all q u a n t i t i e s  o f  O.IN NaOH 

and O.IN HGl. One ml. o f  phosphate b u f fe r  v/as then  added and
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the volume made up to  10 ml. w ith  d i s t i l l e d  w a ter .

The prepared  sample was poured in t o  the  tap  fu n n e l  

and was a l lo w e d  to  run on to  the column a t  a r a te  o f  0 . 3  

m l./m in .  The sample was fo l lo w e d  by 3*5 ml. d i s t i l l e d  

w ater  and th e  column was a llo w ed  to  run dry.

Columns were e lu t e d  w ith  0 .2 5  R HCl i n  the manner 

d e s c r ib e d  by Sanford  ( I 9 6 2 ) who found th a t  h is ta m in e  l e f t  

th e  column when the  pH o f  the  e lu a t e  f e l l  to  4 .5*  Four ml* 

o f  O .25R HCl was added to  the  column and the  r a te  o f  f lo w  

o f  f l u i d  through the  column a d ju s te d  to  0 .2  m l . /m in .  When 

the  pH o f  the  f l u i d  l e a v in g  the column rea ch ed  4 the  l e v e l  

was marked, a fu r th e r  4 m l. O.2 5  R HCl added to  the  column 

and the  n e x t  4 m l. o f  e lu a t e  c o l l e c t e d .  One drop o f  n e u tr a l  

red  was added to  each  e lu t e d  sample which was s to r e d  a t  

-20^G u n t i l  n e u t r a l i s e d  and a ssa y ed  b i o l o g i c a l l y  as d e sc r ib e d  

p r e v io u s ly  ( p . 2 6 5 )* A stan dard  s o l u t i o n  o f  h is ta m in e  ( 0 .2  

u g /m l)  was prepared w ith  each group o f  sam p les. T h is was
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t r e a t e d  in  the  same way as  the  n e u t r a l i s e d  sam ples and 

the c a l c u l a t e d  h is ta m in e  c o n ten t  o f  the  stan d ard  s o l u t i o n ,  

on a s s a y  o f  the e l u a t e ,  a l lo w e d  the p ercen ta g e  r ec o v er y  

o f  h is ta m in e  by the  above method to  be determ ined .

The plasma f r e e  h is ta m in e  c o n ten t  o f  b lood  samples  

o b ta in e d  from c o n t r o l  an im als  and from s e n s i t i s e d  an im als  

5 min. b e fo r e  and a t  i n t e r v a l s  o f  one min. to  22 min, a f t e r  

i n j e c t i o n  o f  a n t ig e n  was determ ined.

RESULTS

The r e c o v e r y  o f  h is ta m in e  from stan d ard  s o l u t i o n s  i s  

shown i n  Table 6 . 2 .  The number o f  the  stan dard  s o l u t i o n  

in  each  c a se  corresp on d s to  the  number o f  th e  experim ent  

in v o lv e d .  The p ercen ta g e  r e c o v e r y  f o r  each  experim ent was 

u sed  to  c o r r e c t  the  h is ta m in e  e s t im a t io n s  on b lood  sam ples  

o b ta in e d  durin g  th a t  exp er im en t. The mean r e c o v e r y  in  9 

exp er im en ts  was 'J2/1 -  8.8^^ (S .U * ) .
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Table 6 . 3 l i s t s  plasma f r e e  h is ta m in e  l e v e l s  o f  

c o n t r o l  an im als  in c lu d in g  l e v e l s  found in  the  b lo o d  o f  

one anim al from which sam ples were removed a t  d a i l y  i n t e r v a l s  

f o r  5 d ay s . Table 6 . 4 shows the  changes i n  h is ta m in e  

l e v e l s  i n  plasma f o l lo w in g  i n j e c t i o n  o f  a n t ig e n .  On com­

p a r in g  h is ta m in e  l e v e l s  b e fo re  and a f t e r  c h a l le n g e ,  u s in g  

the t  t e s t  f o r  sm a ll  samples (B a n c r o ft ,  1965)1 the changes  

were probab ly  s i g n i f i c a n t  (p - < C G ,0 2 ) ,  However, r e p e a te d  

sam p lin g  o f  2 an im als  a t  5 min. i n t e r v a l s  showed th a t  the  

v a r i a t i o n s  in  h is ta m in e  c o n c e n tr a t io n  b e fo re  c h a l le n g e  co u ld  

be g r e a te r  than the  changes which fo l lo w e d  ( ? i g ,  6 , l ) .

Thus fo r  animal E, 4 the sample taken a f t e r  c h a l le n g e  cou ld  

be regard ed  a s  e i t h e r  l e s s  or g r e a te r  than normal^ acco i’d in g  

to  w hether i t  was compared w ith  the sample taken  e i t h e r  10 

or 5 min, b e fo r e .



TABLE 6.. 5.

PLASMA HISTAMINE LEVELS OF CATTLE

Animal Number Histamine (pg/m l)

1 0 .0 2 1
2 0 .0 0 8
3 0 .01 2
4 0 .007
5 0.007
6 0 .042
7 ^  0 .0 0 4
8 <  0 .0 0 4
9 0 .023

10 < 0 .0 0 4
11 0 .013

.0 .0 3 5
13 0 .0 1 4
14 0 .0 1 3  '
15 0 .007
16* (day 1) 0 .012
16 (day 2) 0 .0 2 8
16 (day 3) 0 .03 6

Mean 0 .0 1 6
S.D t  0 .0 1 2

* Sample taken a t  d a i ly  in t e r v a l s  for  3 days 

^  -  l e s s  than
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0 ) TISSUB IMCUBATIOW 

HISTAMINE 

TO INVESTIGATE HISTAMINE RELEASE 

MATERIALS AND METHODS

The method o f  in c u b a t io n  o f  t i s s u e  was based  on th a t  

d e s c r ib e d  by Ivlongar and S c h i ld  P ie c e s  o f  lu n g ,

p le u r a ,  l i v e r  c a p s u le ,  n a s a l  mucosa and s k in  were removed 

w it h in  15 min* a f t e r  death  from an im als s e n s i t i s e d  to  o v a l ­

bumin or horse  serum and from u n s e n s i t i s e d  c o n t r o l  an im als  

o f  the  same breed  and ag e . Samples o f  sk in  o f  s e n s i t i s e d  

an im als  was taken o n ly  from th o se  which had shown p r u r i t i s  

on c h a l le n g e .  A l l  an im als  were k i l l e d  by humane k i l l e r .

The t i s s u e  samples were l i g h t l y  b l o t t e d  and chopped as  

f i n e l y  as p o s s i b l e  u s in g  a M cllw ain m echan ica l chopper  

(The M ickle  L aboratory E n g in eer in g  C o .) .  They were then  

p la c e d  on f i l t e r  paper in  a Buchner f i l t e r  fu n n e l  and washed. 

Washing was c a r r ie d  out by pouring  Tyrode s o l u t i o n  over the
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chopped t i s s u e s  in  the  f i l t e r  fu n n e l .  The t i s s u e s  were 

a l lo w e d  to  d r a in ,  then  w eighed . D u p lic a te  sam ples o f  

each t is su e ^ v /e ig h in g  200 to  400 mg.^were p la c e d  in  25 ml. 

f l a s k s  c o n ta in in g  4 ml. Tyrode s o l u t i o n  and shaken in  an 

in c u b a to r  (Oallenkamp) a t  57°0 fo r  20 min. T h is  Tyrode 

s o l u t i o n  was then removed, d isca r d e d  and r e p la c e d  by 4 ml. 

o f  Tyrode s o l u t i o n ,  Tyrode s o l u t i o n  c o n ta in in g  a n t ig e n  or 

Tyrode s o l u t i o n  c o n ta in in g  h is tam in e  r e l e a s e r .  In cu b a tio n  

a t  57^0 w ith  sh ak in g  was c o n t in u ed  fo r  60 min. In  one 

experim ent one group o f  p a ired  t i s s u e  sam ples was su p p l ie d ,  

d u rin g  in c u b a t io n ,  w ith  oxygen bubbled through the in c u b a t io n  

f l u i d  by means o f  a n e e d le  i n s e r t e d  through a rubber bung 

i n  the  neck o f  each f l a s k .  A second n e e d le  a l lo w ed  a i r  to  

e s c a p e .  The o th e r  group o f  p a ired  sam ples was t r e a t e d  in  

an i d e n t i c a l  manner but d id  not r e c e iv e  oxygen. The su p e r -  . 

n a ta n t  f l u i d  in  each f l a s k  was removed, a c i d i f i e d  by a d d i t io n  

o f  1 ml. N/5 HCl and s to r e d  a t  -20°C u n t i l  a ssa y ed  b i o l o g i c a l l y
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.for i t s  h is ta m in e  c o n te n t .  The t i s s u e s  were b o i l e d  in  

5 ml. h/ 3  HOI fo r  $0 rain, to  r e l e a s e  the rem ain in g  h is ta m in e  

and s to r e d  a t  -20^0 u n t i l  a s sa y e d .  Assay o f  h is ta m in e  

c o n te n t  was c a r r ie d  o u t ,  as  d e sc r ib e d  p r e v io u s ly  ( p.2 L5 ) ,  

on i s o l a t e d  g u in e a -p ig  i leum  a f t e r  n e u t r a l i s a t i o n  o f  the  

sam ples by a d d i t io n  o f  h /lO  NaOH.

The a n t ig e n s  and the  c o n c e n tr a t io n s  i n  which th ey  were 

u sed  were as f o l lo w s :

ovalbum in : 5 mg/ml, 1 .0  mg/ml, 0 .1  mg/ml

h o rse  serum ; d i l u t e d  to  c o n c e n tr a t io n s  o f  p r o t e in  o f

ap p rox im ate ly  1 .0  mg/inl and 0 .1  mg/ml.

The h is ta m in e  r e l e a s e r s  and the c o n c e n tr a t io n s  in  which  

th e y  were used  were as f o l lo w s :

compound 4 8 /8 0  : 1 .0  mg/ml

o cty la m in e  : 1 .0  mg/ml.

Any c o n t r a c t io n s  o f  g u in e a -p ig  i leu m , due d i r e c t l y  to  th e se  

c o n c e n tr a t io n s  o f  a n t ig e n s  or h is tam in e  r e l e a s e r s ,  were determ ined  

and su b tr a c te d  from th o se  a t t r i b u t e d  to  the p resen ce  o f  h is ta m in e  

i n  th e  sam ples o f  su p ern atan t f l u i d .
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RESULTS

The r e s u l t s  are summarised in  E ig s .  6 , 2 and 6. 5*

In c u b a t io n  w ith  h is ta m in e  r e l e a s e r s  r e s u l t e d  in  the r e l e a s e  

o f  50 to  99/'  ̂ h is ta m in e  from a l l  the  t i s s u e s  examined. In ­

cu b a tio n  in  Tyrode s o l u t i o n  a lon e  r e s u l t e d  in  r e l e a s e  o f

1 .0  to  22 ĵ h is ta m in e  from the t i s s u e s  i n t o  the  su p ern atan t  

f l u i d .  The amount o f  h is ta m in e  r e l e a s e d  on in c u b a t in g  t i s s u e  

from s e n s i t i s e d  an im als w ith  a n t ig e n  v a r ie d  w ith  the t i s s u e .

L ess than lÔ b h is ta m in e  c o n te n t  was r e l e a s e d  from l i v e r  

c a p s u le ,  l e s s  than 5̂  ̂ from lu n g  and amounts r a n g in g  from 

4̂ 0 to  40̂  ̂ from p le u r a .  From p leu ra  o f  u n s e n s i t i s e d  anim als  

in c u b a t io n 'w it h  a n t ig e n  r e l e a s e d  up to  55^ h is ta m in e  ( P ig .  6 . 3 ) ,  

There was e v id e n c e  o f  more s p e c i f i c  h is ta m in e  r e l e a s e  by 

a n t ig e n  from sk in  o f  ear (up to  and muzzle (up to  79^0

o f  s e n s i t i s e d  an im als  ( F ig .  6 . 2 ) .

The r e s u l t s  o b ta in e d  by in c u b a t io n  w ith  and w ith o u t  

o x y g e n a tio n  are shown in  Table 6. 5* The p resen ce  o f  oxygen
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TABLE 6 .  5 .

EFFECT OF OXYGEN ON HISTAMINE

RELEASE FROM PLEURA IN VITRO

In c u b a t io n

Tyrode

Ovalbumin
1 .0  mg/ml

CPD. 4 8 /8 0
1 .0  mg/ml

Mean °/o T ota l  H istam in e  R e le a se d

No.

2

With 0,,2

4 .9

11.6

7 7 .6

No.

1

W ithout 0,

21.9

8 .5

6 7 .4
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d id  n o t  appear to  have any e f f e c t  on h is ta m in e  r e l e a s e  

by a n t ig e n  or h is ta m in e  r e l e a s e r .

d) LTJMG PERFUSION BXPKRIMBNTS

MATERIALS AND fffimODS

Lungs w ere  rem oved  from  16  c a t t l e  w i t h i n  I 5 m in , o f

d eath  and i s o l a t e d  lo b e s  p e r fu se d  through th e  pulmonary 

a r te r y  as d e s c r ib e d  in  S e c t io n  I I .  5 u s in g  the  apparatus  

shown in  F ig .  5»5 ) .  P e r fu s io n  w ith  50 to  100 ml. per min. 

oxygen ated  Tyrode s o l u t i o n  was c a r r ie d  ou t  fo r  15 or 20 min. 

T h is was f o l lo w e d  by p e r fu s io n  fo r  20 min. w ith  Tyrode 

s o l u t i o n  c o n ta in in g  1 .0  mg/ml ovalbum in. P e r fu s io n  w ith  

Tyrode s o l u t i o n  a lo n e  was then  r e v e r te d  to  and con tin u ed  fo r  

a f u r t h e r  20 min. In  7 c a s e s ,  f o l lo w in g  p e r fu s io n  w ith  o v a l ­

bumin, compound 4-8/80 ?/as a d m in is ter ed  by i n j e c t i o n  a t  a 

c o n c e n tr a t io n  o f  1 .0  mg compound 4 8 /8 0  per ml o f  Tyrode 

s o l u t i o n  e n t e r in g  the  lu n g  per minute f o r  10 rain. Through­

out the experim en t p e r fu s a te  v/as c o l l e c t e d  over  a l t e r n a t e
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or c o n s e c u t iv e  p e r io d s  o f  50 s e c .  or 60 s e c .  The p er ­

f u s a t e  sam ples were c e n tr i f u g e d  to  remove any b lood  c e l l s  

and s t o r e d  a t  -20^G u n t i l  they  cou ld  be examined f o r  b i o ­

l o g i c a l  a c t i v i t y .  Such exam in ation  v/as c a r r ie d  out w ith in  

24 to  48 h r .  o f  c o l l e c t i o n  ex cep t  in  one c a se  where the  

sam ples were s to r e d  fo r  7 days. V/here, b ecau se  o f  the need  

f o r  r a p id  t e s t i n g  o f  a la r g e  number o f  sa m p les , ev ery  sample 

was not examined, th a t  c o l l e c t e d  ev ery  5th  min. was examined.

The a c t i v i t y  o f  the  samples in  c o n t r a c t in g  i s o l a t e d  

g u in e a - p ig  ileum  was compared to  th a t  o f  h is ta m in e ,  in  the  

p resen ce  o f  a tr o p in e  (4  x 10 M) i n  the absen ce  and then  in  

the  p resen ce  o f  mepyramine (10  to  10 Îvl) • The p ercen tag e  

o f  a c t i v i t y  o f  the  p e r fu s a te  samples p e r s i s t i n g  in  the  p resen ce  

o f  c o n c e n tr a t io n s  o f  m ep y ra m in e^ su ff ic ien t  to  su p p ress  con­

t r a c t i o n s  o f  the  i leum  s t im u la te d  by p r e v io u s ly  e q u i - e f f e c t i v e  

c o n c e n tr a t io n s  o f  h istam ine^w as measured. The e f f e c t  o f  meclof-  

énamate on such a c t i v i t y  was examined in  one c a s e .  In 6
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exp er im en ts  the a c t io n  o f  p e r fu s a te  sam ples on i s o l a t e d  

r a t  duodenum was t e s t e d  and compared to  t h a t  o f  h radyk in in  

and o f  h is ta m in e .  In  u s in g  th e se  t i s s u e s  th e  a c t i v i t y  o f  

p e r fu s a te  sam ples c o n ta in in g  ovalbumin or compound 4 8 /8 0  

v/as e s t im a te d  a f t e r  s u b t r a c t io n  o f  a n y . a c t i v i t y  due d i r e c t l y  

to  1 ,0  mg/ml ovalbumin or 1 .0  mg/ml compound 4 8 /8 0 .

G u in ea -p ig  i leum  was bathed by Tyrode s o l u t i o n  as

p r e v io u s ly  d e s c r ib e d .  Rat duodenum, which c o n s i s t e d  o f  the

proxim al 5 cm. o f  duodenum, was suspended in  a 10 ml. organ

0bath and bathed by oxygenated  De Ja lon  s o l u t i o n  a t  57 0 . A 

dose c y c le  o f  5 or 4 min. w ith  50 s e c .  c o n ta c t  time was u sed  

(H orton , 1959)* The minimum c o n c e n tr a t io n s  o f  h is ta m in e  and 

b ra d y k in in  d e t e c t a b le  by our methods o f  a s s a y  were 0 .0 0 2  yu 

and 0 .0 2  jag  r e s p e c t i v e l y  per ml o f  sam ple.

Lungs were o b ta in ed  from 5 u n s e n s i t i s e d  a n im a ls ,  10 

s e n s i t i s e d  to  ovalbumin w ith o u t  Freund’ s adju vant and 5 

s e n s i t i s e d  to  ovalbumin u s in g  F reund's  a d ju v a n t .

Llg
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RESULTS

The number o f  sam ples examined and th e  a c t i v i t y  o f  

th e s e  sam ples o f  lu n g  p e r fu s a t e ,  e x p r e sse d  in  terms o f  

ran ges  o f  e q u iv a le n t  c o n c e n tr a t io n s  o f  h is ta m in e ,  on g u in e a -  

p ig  ileum  i s  summarised in  Table 6 .6 ,  The p ercen ta g e  o f  

t h i s  a c t i v i t y  p e r s i s t i n g  in  the  p resen ce  o f  mepyramine i s  

summarised in  Table 6 . 7*

On p e r fu s io n  o f  the lu n gs  o f  u n s e n s i t i s e d  c a t t l e  sam ples  

o b ta in e d  b e fo re  exposure to  ovalbumin showed l e s s  a c t i v i t y  

than  th a t  o f  0 .0 2  jxg/m l h is ta m in e .  During p e r fu s io n  w ith  

ovalbumin sam ples o f  p e r fu s a te  showed a c t i v i t y  e q u iv a le n t  to  

l e s s  than 0 . 1 yug/ml h is ta m in e  in  2 c a se s  and between 0 .1  and

1 .0  jxg/m l h is ta m in e  in  the t h i r d .  Samples o b ta in ed  during  

p e r fu s io n  w ith  Tyrode s o l u t i o n  a f t e r  ovalbum in showed s im i la r  

a c t i v i t y .  A fte r  i n j e c t i o n  o f  compound 4 8 /8 0  most o f  the  

sam ples o b ta in e d  produced c o n tr a c t io n s  o f  g u in e a -p ig  ileum  

e q u iv a le n t  to  0 .1  to  1 .0  yug/ml h is ta m in e .  In  one case
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a c t i v i t y  o f  up to  2 ,0  yug/ml h is ta m in e  was p r e s e n t  in  one 

sam ple. The a c t i v i t y  o f  a l l  the samples o f  p e r fu s a te  ob - . 

t a in e d  from the lu n g s  o f  2 u n s e n s i t i s e d  an im als  was reduced  

by mepyramine to  l e s s  than 10^ w ith  the  e x c e p t io n  o f  the  

sam ples o b ta in ed  a f t e r  i n j e c t i o n  o f  compound 4 8 /8 0 .  These  

were red uced  o n ly  s l i g h t l y  in  one case  ^which su g g e s te d  th a t  

compound 4 8 /8 0  r e l e a s e d  from the lu n g  a c t i v e  su b s ta n c e s  o th er  

than h is ta m in e .  In  the t h ir d  c a s e ,  sam ples o b ta in ed  during  

and a f t e r  p e r fu s io n  w ith  ovalbumin were reduced  in  a c t i v i t y  

to  between lÔ o and o f  th a t  shown in  th e  absence  o f  mepy­

ram ine, These r e s u l t s  showed th a t  ovalbumin c o u ld  r e l e a s e  

h is ta m in e  and p o s s i b l y  o th er  a c t i v e  su b s ta n c e s  from u n se n s ­

i t i s e d  lu n g s .  P e r fu s a te  from lu n gs  o f  u n s e n s i t i s e d  an im als  

Y/as n o t  t e s t e d  on r a t  duodenum.

On p e r fu s io n  o f  the lu n g s  o f  10 an im als  s e n s i t i s e d  to  

ovalbumin w ith o u t  Freund’ s ad ju v an t, i t  was found in  5 c a s e s  

th a t  no sample o b ta in ed  a t  any s ta g e  o f  p e r fu s io n  showed
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a c t i v i t y  e q u iv a le n t  to  more than 0 .0 2  yug/ml h is ta m in e ,  

a lth o u g h  exam in a tio n  o f  the d i s t r i b u t i o n  o f  Evan’ s b lu e  

dye i n  the  lu n g , as d e sc r ib e d  in  S e c t io n  I I .  5^in d ic a t e d  

e f f i c i e n t  p e r fu s io n .  In  the  rem ain ing  7 c a s e s ,  6 showed 

an in c r e a s e  i n  a c t i v i t y  from th a t  e q u iv a le n t  to  l e s s  than  

0 .0 2  ^ g /m l  h is ta m in e  or l e s s  than 0 .1  ^ g /m l h is ta m in e  b e fo r e  

ovalbum in to  up to  1 .0  ^ g /m l h is ta m in e  a f t e r  ovalbum in. In  

the 7 th  ca se  a c t i v i t y  never  exceed ed  th a t  o f  0 .1  yug/ml. 

I n j e c t i o n  o f  compound 48/sO was c a r r ie d  out in  3 o f  th e s e  

c a s e s  and r e s u l t e d  i n  a c t i v i t y  e q u iv a le n t  to  up to  2 .0  p.g /m \ 

h is ta m in e  i n  the p e r f u s a t e .  Of the 7 c a s e s  where sam ples  

showed a c t i v i t y  e q u iv a le n t  to  more than 0 .0 2  ^ g /m l  h is ta m in e ,  

in  2 t h i s  a c t i v i t y  ( i n  sam ples o b ta in ed  d u rin g  and a f t e r  

p e r fu s io n  w ith  ovalbum in) was not reduced  i n  the  p resen ce  

o f  mepyramine but was a b o l i s h e d  in  one c a se  by m eclofenam ate  

( lO ”\ l ) .  In  2 fu r th e r  c a s e s ,  a lth ou gh  sam ples o b ta in ed  

d u rin g  p e r fu s io n  w ith  ovalbumin were red uced  to  l e s s  than
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10 5̂ by mepyramine, th o se  a f t e r  ovalbumin were reduced  in  

one case  by ^Ofo and i n  the o th er  not a t  a l l .  In  a f i f t h  

c a se  mepyramine reduced  a c t i v i t y  o f  sam ples o b ta in e d  during  

p e r fu s io n  w ith  ovalbum in to  between and and a f t e r

ovalbum in to  l e s s  than lO / .  Only i n  one o f  5 c a s e s  v/here 

compound 4 8 /8 0  was i n j e c t e d  d id  mepyramine reduce  the  

a c t i v i t y  o f  sam ples su b seq u e n t ly  o b ta in e d  to  l e s s  than lOÿL 

In  one c a se  (3 6 9 4 0 ) ,  where sam ples which had shown a c t i v i t y  

e q u iv a le n t  to  l e s s  than 0 .0 2  yug/ml h is ta m in e  were s to r e d  

f o r  7 d ays , su b seq u en t exam in ation  r e v e a le d  a c t i v i t y  i n  a l l  

sam p les . T his v/as e q u iv a le n t  to  up to  1 .0  ^ g /m l h is ta m in e  

and was red uced  by o n ly  Q̂P/o in  the p resen ce  o f  mepyramine.

When t e s t e d  on r a t  duodenum th o se  sam ples showing  

a c t i v i t y  in  the  p resen ce  o f  mepyramine cau sed  r e l a x a t io n  

e q u iv a le n t  to  th a t  produced by 0 .0 2  to  0 .2  yug/ml bradyk in in , 

As the  r a t  duodenum i s  s t im u la te d  to  c o n tr a c t  by a c e t y l ­

c h o l in e ,  5 -b y froxy tryp tam in e  and h is ta m in e  (H orton, 1959)
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and as  SRS-A was found by Marquis ( 1966) to  produce no 

r esp o n se  when t e s t e d  on t h i s  t i s s u e ,  t h i s  r e l a x in g  e f f e c t  

was c o n s id e r e d  to  i n d ic a t e  the  p resen ce  o f  b rad yk in in  in  

th e  sam p les.

Samples o b ta in e d  by p e r fu s io n  o f  the  lu n g s  o f  4 an im als  

s e n s i t i s e d  u s in g  F reun d 's  adjuvant showed g r e a te r  a c t i v i t y  

and t h i s  was in c r e a s e d  during  and a f t e r  ovalbumin p er fu s io n *  

A c t i v i t y  in c r e a s e d  from th a t  e q u iv a le n t  to  l e s s  than 0 .1  

yug/ml to  th a t  e q u iv a le n t  to  up to  1 , 0 yug/ml h is ta m in e .  In  

one c a se  the  a c t i v i t y  o f  th e  samples o b ta in e d  both  during  

and a f t e r  p e r fu s io n  w ith  ovalbumin was u n a l t e r e d  by mepyr- 

amine but i n  the  o th er  5 c a s e s  i t  was reduced  to  l e s s  than- ICf/o,

The a c t i v i t y  o f  s e q u e n t ia l  sam ples o f  lu n g  p e r fu s a te  v/as 

i n c o n s i s t e n t  i n  th a t  a sample o f  very  low a c t i v i t y  was o f t e n  

su cceed ed  by s e v e r a l  o f  h igh  a c t i v i t y  and v i c e  v e r s a .  There 

was a l s o  v a r i a t i o n  i n  the r e s u l t s  o b ta in e d  from lu n g s  o f  

s i m i l a r l y  s e n s i t i s e d  a n im a ls .  H istam in e , b rad yk in in  and
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p o s s i b l y  o th er  a c t i v e  su b s ta n c es  were p r e se n t  in  lu n g  

p e r fu s a te  durin g  and a f t e r  p e r fu s io n  w ith  ovalbumin* The 

amount o f  b rad yk in in  and o f  any o th er  a c t i v e  su b s ta n c es  

e x c lu d in g  h is ta m in e ,  r e l e a s e d  or formed showed a tendency  

to  be g r e a t e r  in  s e n s i t i s e d  than in  u n s e n s i t i s e d  lu n g s .
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STOMAHY

! •  The c o n c e n tr a t io n  o f  h is ta m in e  in  t i s s u e s  was e x trem e ly  

v a r ia b le  and d id  not appear to  be reduced  a f t e r  ana­

p h y la x is .  C o n cen tra tio n s  were h ig h er  in  shocked than  

in  c o n tr o l  an im a ls .

2 .  On comparison o f  2 b loo d  sam ples, one b e fo re  and one

a f t e r  c h a l le n g e  plasma f r e e  h is ta m in e  l e v e l s  showed a 
?

s i g n i f i c a n t  in c r e a s e  f o l lo w in g  a n a p h y la x is .  The s i g ­

n i f i c a n c e  o f  t h i s  change became d o u b tfu l  when g r e a t  

v a r i a b i l i t y  in  h is ta m in e  l e v e l s  was r e v e a le d  in  s e r i a l  

sam ples removed a t  5 min. i n t e r v a l s .

3, H istam ine was not r e l e a s e d  by a n t ig e n  in  v i t r o  during  

in c u b a t io n  from lu n g , p le u r a  or l i v e r  c a p s u le .  I t  d id  

appear to  be r e l e a s e d  from the s k in  o f  some a n im a ls ,

4* P e r fu s io n  o f  lu n gs o f  s e n s i t i s e d  an im als w ith  a n t ig e n

r e s u l t e d  in  i r r e g u la r  r e l e a s e  o f  h is ta m in e  to g e th e r  

w ith  o th e r  a c t i v e  su b s ta n c es  in c lu d in g  b ra d y k in in .
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7 . CüTAtlBOÏÏS REACTIONS 

MATERIALS AM IvtS'JHOBS

a )  PASSIVE

ANIMALS

Twenty a d u lt  fem ale  E n g lis h  a lb in o  g u in e a - p ig s ,  12 

w h ite  W istar  r a t s  and 19 A y r sh ir e ,  F r i e s i a n ,  Ayrshire-C3?oss 

and F r i e s i a n - c r o s s  c a lv e s  aged 4 to  & months were i n j e c t e d  

in t r a c u ta n e o u s ly  w ith  serum o b ta in ed  from c a lv e s  which had 

been s e n s i t i s e d  to  ovalbumin and from u n s e n s i t i s e d  c o n tr o l  

c a l v e s .  The c a lv e s  from which the  serum was o b ta in ed  were 

o f  the  same breed s and approx im ate ly  the  same a ges  as th o se  

to  which th e  serum was a d m in is te r e d .

SERUM

S e n s i t i s a t i o n  o f  the  an im als su p p ly in g  the serum was 

c a r r ie d  out by the  2 proced ures d e sc r ib e d  in  S e c t io n  I I .  1 ,  

namely in tr a v e n o u s  i n j e c t i o n  o f  ovalbum in w ith o u t  adjuvant  

or 8 in tra m u scu la r  i n j e c t i o n s  o f  ovalbumin w ith  F reund's
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a d ju v a n t .  Animals were c la s s e d  as s e n s i t i s e d  when th ey  

r e a c te d  to  ovalbumin a d m in is ter ed  in tr a v e n o u s ly  a t  a dose  

r a t e  o f  1 .5  nig/Kg by showing a n a p h y la x is  w ith  marked 

dyspnoea (+ ++ ).

Serum was o b ta in e d  from b loo d  c o l l e c t e d  in t o  s t e r i l e

g l a s s  b o t t l e s  from a n e e d le  in s e r t e d  in  the  ju g u la r  v e in .

The b lood  was a l lo w ed  to  c l o t  a t  room tem perature  (approx .  

o \20 C) and, a f t e r  24 h r . ,  serum was a s p ir a t e d  and c e n tr i f u g e d  

f o r  10 min. a t  2 ,0 0 0  r e v s . /m in .  to  remove any b lood  c e l l s .

In  exp er im en ts  i n v o lv in g  i n v e s t i g a t i o n  o f  h e a t  l a b i l e  r e -  

a g in io  a n tib o d y  a c t i v i t y  in  the serum, h a l f  o f  the serum 

c o l l e c t e d  was in c u b a ted  f o r  4 h r .  a t  The serum was

th en  d i l u t e d  w ith  s t e r i l e  s a l i n e  x 5» x 10 , x  2 5 » x 50 and x 100.

TESTING PROCEDURE

Volumes o f  0 .1  ml o f  s t e r i l e  s a l i n e  and o f  u n d i lu te d  and 

d i l u t e d  unheated  and, in  2 c a lv e s ,  h e a ted  se r a  were i n j e c t e d  

as d e s c r ib e d  by Ovary (1950)»  in t o  sk in  p r e v io u s ly  c l ip p e d
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and c le a n s e d .  The s k in  o f  the hack o f  g u in e a -p ig s  and 

r a t s  and o f  the  neck o f  c a lv e s  vraa u se d . A f te r  i n t e r v a l s

o f  4 h r . ,  18 h r . ,  24 h r . or 4 Ô h r . ovalbum in was i n j e c t e d

in t r a v e n o u s ly .  C alves r e c e iv e d  3OO mg to  2 ,5 0 0  rag o f  o v a l ­

bumin (6  ml to  50 ml o f  îo s o l u t i o n ) .  T h is  vms accompanied  

by in tr a v e n o u s  i n j e c t i o n  o f  E van 's b lu e  dye (50  mg) to  a l l  

g u in ea  p ig s  and r a t s  and to  4 o f  the  c a l v e s .  C alves r e c e iv e d  

300 mg E van 's  b lu e  as a 2ÿo s o l u t i o n .  "

The s i t e s  where serum had been i n j e c t e d  were examined  

a f t e r  20 to  90 min. and the d iam eters  o f  a s s o c i a t e d  a r ea s  o f

s w e l l i n g  in  the  case  o f  c a lv e s  and b lu e in g  i n  the case  o f

g u in e a - p ig s  and r a t s  measured by means o f  c a l i p e r s .  Such 

cutaneous r e a c t io n s  in  c a lv e s  were record ed  u s in g  the  f o l lo w in g  

s c a l e : . 5 — 10 m.ra. d iam eter

11 — 20 tt II

+++ 21 - 50 II II

S3 51 - 40 II II

> 40 II It



2 9  2

R e a c t io n s  o f  l e s s  than 5 mm. were n o t  record ed  

as p o s i t i v e  r e a c t i o n s .

b) ACTIVE

U n s e n s i t i s e d  c a lv e s  and c a lv e s  s e n s i t i s e d  to  ovalbumin  

and h orse  serum as d e sc r ib e d  in  S e c t io n  I I .  1 were i n j e c t e d  

in tr a c u t a n e o u s ly  w ith  a n t ig e n s .  These an im als  were o f  the  

same b reed s a s  d e sc r ib e d  above. T heir  a g e s  ranged from 3 

months to  18 months. Volumes o f  0 .1  ml o f  s a l i n e ,  ovalbum in, 

h orse  albumin and horse  serum were i n j e c t e d  in t o  the c l ip p e d  

and c le a n s e d  sk in  o f  the neck . The c o n c e n tr a t io n s  o f  o v a l ­

bumin and horse  albumin used  ranged from 0 .1  mg/ml to  50 

mg/ral. Horse serum was u sed  u n d i lu te d  and d i l u t e d  x 10 and 

X 100 . The s i t e s  o f  i n j e c t i o n  were examined a f t e r  20 m in .,

60 m in . ,  90 min. and 48 h r .  R e a c t io n s  were measured and 

r ec o rd ed  a s  d e s c r ib e d  above.
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ANTAGONISTS

The a b i l i t y  o f  m eclofenam ate to  i n h i b i t  p a s s iv e  

cu tan eou s r e a c t i o n s  was i n v e s t i g a t e d  by i n j e c t i n g  2 .0  mg/Xg 

o f  t h i s  drug in t r a v e n o u s ly  5 min. b e fo re  a n t ig e n  was i n j e c t e d  

a l s o  in t r a v e n o u s ly .

In  th e  c a se  o f  a c t i v e  r e a c t i o n s  mepyramine was i n j e c t e d  

in t r a c u t a n e o u s ly  to g e th e r  w ith  a n t ig e n .  The dose o f  mepy­

ramine n e c e s s a r y  to  i n h i b i t  developm ent o f  cutaneous l e s i o n s  

produced by h is ta m in e  was f i r s t  determ ined .

As in tr a c u ta n e o u s  i n j e c t i o n  o f  m eclofenam ate i t s e l f  

produced a r e a c t i o n ,  t h i s  compound v/as g iv e n  in t r a v e n o u s ly  

5 min. b e fo r e  in tr a c u ta n e o u s  i n j e c t i o n  o f  a n t ig e n .

RESULTS

a) PASSIVE

I n j e c t i o n s  o f  bov in e  s e r a  in t o  the  sKin o f  g u in e a - p ig s  

and r a t s  f a i l e d  in  ev er y  case  to s e n s i t i s e  th e  sk in  to  subsequent
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in tr a v e n o u s  i n j e c t i o n  o f  a n t ig e n .  Each g u in e a - p ig  and 

r a t  was i n j e c t e d  a t  4 s i t e s  w ith  serum from u n s e n s i t i s e d  

c a l v e s ,  serum from c a lv e s  s e n s i t i s e d  w ith o u t  ad ju v a n t ,  

serum from c a lv e s  s e n s i t i s e d  w ith  adju vant and s a l i n e .

In  4 g u in e a -p ig s  and 2 r a t s  an i n t e r v a l  o f  24 hr . between  

serum and a n t ig e n  i n j e c t i o n s  was a l lo w e d . In 8 g u in e a -p ig s  

and 4 r a t s  the i n t e r v a l  was 18 h r . and i n  8 g u in e a -p ig s  and 

6 r a t s  the  i n t e r v a l  was 4 h r . In  t h e ' c a s e  o f  2 g u in e a -p ig s  

and 2 r a t s  the  dose o f  ovalbumin i n j e c t e d  was $0 mg. A l l  

o th e r  g u in e a - p ig s  and r a t s  r e c e iv e d  1 mg o f  ovalbum in.

The r e s u l t s  o f  i n j e c t i n g  bovine  se r a  in t o  the sk in  o f  

c a lv e s  are summarised in  Table 7* 1*

No p a s s iv e  cutaneous a n a p h y la c t ic  (PCA) r e a c t io n s  were 

ind uced  as a r e s u l t  o f  i n j e c t i n g  serum from c o n tr o l  u n se n s ­

i t i s e d  c a lv e s  i n t o  the  sk in  o f  4 s im i la r  c a l v e s ,  Each animal 

was i n j e c t e d  a t  each  o f  2 s i t e s  w ith  serum d i l u t e d  x 1, x 10 

and X 100 . Each anim al was i n j e c t e d  a t  a t o t a l  o f  6 s i t e s ,
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an i n t e r v a l  o f  4B hr . b e in g  a l lo w ed  between the i n t r a ­

cutaneous i n j e c t i o n  o f  serum and in tr a v e n o u s  i n j e c t i o n  o f  

ovalbum in.

Of 10 an im als  i n j e c t e d  in t r a c u t a n e o u s ly  w ith  serum 

from anim als s e n s i t i s e d  to  ovalbumin w ith o u t  a d ju v a n t ,o n ly  

one anim al d eve lop ed  s k in  r e a c t i o n s .  These appeared a t  s i t e s  

o f  i n j e c t i o n  o f  serum d i l u t e d  x  10, x 25 and x 50 but were

weakly p o s i t i v e  b e in g  10 mm. (+ ) i n  d ia m eter .

Serum from an im als  s e n s i t i s e d  to  ovalbumin w ith  Freund’ s 

adju vant s e n s i t i s e d  the  sk in  o f  11 o f  a t o t a l  o f  14 an im als  

t e s t e d  f o r  PCA. T his serum was o b ta in ed  from 5 anim als and 

was n o t  u n ifo rm ly  e f f e c t i v e  in  p rep a r in g  s k in  fo r  r e a c t io n s  

to  ovalbum in. Serum o b ta in ed  from one anim al (No. 51) f a i l e d

to  s e n s i t i s e  the sk in  o f  each o f  the 5 an im als  in  which i t

was t e s t e d  whereas th a t  o b ta in ed  from anoth er  (No. 54) ,  which  

had r e c e iv e d  a s im i la r  course  o f  i n j e c t i o n s  o f  ovalbumin and 

F reund’ s ad ju v a n t ,  induced  PCA in  a l l  11 an im als  in  which i t
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was t e s t e d .  T his serum produced r e a c t i o n s  a t  a l l  s i t e s  

a t  which i t  was i n j e c t e d  in  d i l u t i o n s  o f  x  1 , x 5, x  10 

and X 100 . A t y p i c a l  rec o rd  o f  PGA r e a c t io n s  in  one c a l f  

i s  shown i n  P ig .  7* 1*

R e a c t io n s  were produced a l lo w in g  i n t e r v a l s  o f  e i t h e r  

4 h r ,  or 48 h r ,  between i n j e c t i o n  o f  serum and a n t ig e n .

Cutaneous r e a c t i o n s  were n o t  induced by serum a f t e r  i t  had 

been h e a te d .  T his was t e s t e d  in  2 an im als  by a d m in is t r a t io n  

o f  serum from an im als  s e n s i t i s e d  w ith  and w ith o u t  Freund’ s 

a d ju v a n t .

The cutaneous l e s i o n s  p a s s i v e l y  induced  were d i s c r e t e ,  

c i r c u l a r ,  f l a t t e n e d ,  r a i s e d  a rea s  o f  f irm  c o n s i s t e n c y ,  f r e e l y  

moveable and a p p a r e n t ly  p a i n l e s s .  They became v i s i b l e  approx­

im a te ly  15 min, a f t e r  in tr a v en o u s  i n j e c t i o n  o f  a n t ig e n  and 

reach ed  t h e i r  maximum s i z e  a f t e r  50 to  90 min. They r e g r e s s e d  

a f t e r  2 h r . and were n o t  d e te c t a b le  a f t e r  24 h r . In tra ven ou s  

i n j e c t i o n  o f  Kvan’s b lu e  dye w ith  the a n t ig e n  r e s u l t e d  i n  d i s c r e t e  

blu e  c o lo u r a t io n  o f  the  r a i s e d  a rea s  o f  s k in .
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ANTAGONISTS

Four c a lv e s  i n j e c t e d  in t r a c u t a n e o u s ly  a t  4 s i t e s  w ith  

serum from an im als s e n s i t i s e d  to  ovalbumin u s in g  F reund's  

ad ju van t were i n j e c t e d  w ith  m eclofenam ate 5 min. b e fo re  

ovalbum in and E van 's b lu e .  In  2 c a lv e s  t h i s  vfas a f t e r  an 

i n t e r v a l  o f  4 h r ,  and in  2 a f t e r  48 hr . One o f  th e se  d e v e l ­

oped no s k in  r e a c t i o n s  but the  o th e r  5 d ev e lo p ed  t y p i c a l  

r e a c t i o n s  a t  the  s i t e s  o f  i n j e c t i o n  o f  serum, M eclofenam ate,  

the  o n ly  a n t a g o n is t  t e s t e d  on PCA, d id  n o t  appear to  p reven t  

the  r e a c t i o n ,

b )  ACTIVE

Cutaneous r e a c t i o n  o f  s e n s i t i s e d  an im als  to  d oses  o f  

ovalbumin r a n g in g  from 0 , 2 5  to  10 mg I n j e c t e d  in t r a c u t a n e o u s ly  

are shown in  Table 7,2,, Of 5 u n s e n s i t i s e d  an im als t e s t e d ^ a l l  

showed r e a c t i o n s  o f  ap p ro x im ate ly  5*0 mm d iam eter  o n ly  to  the  

h ig h e s t  c o n c e n tr a t io n  o f  ovalbumin and u n d i lu t e d  horse  serum. 

A l l  24 an im als  s e n s i t i s e d  to  ovalbumin r e a c te d  p o s i t i v e l y  on
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i n t r a c u t a n e o u s  i n j e c t i o n  o f  ova lbum in  (0*5 mg).  Two o f  5 

a n im a l s  t e s t e d ,  w h ich  had  been  s e n s i t i s e d  i n t r a v e n o u s l y  

t o  o v a lb um in  a l o n e ,  r e a c t e d  a l s o  t o  u n d i l u t e d  h o r s e  serum 

i n j e c t e d  i n t r a c u t a n e o u s l y .  A l l  3 a n im a l s  s e n s i t i s e d  i n t r a ­

m u s c u l a r l y  by i n j e c t i o n s  o f  ova lbum in  w i t h  F r e u n d ’ s a d j u v a n t  

r e a c t e d  t o  h o r s e  serum (x  1 t o  x  100) and t o  h o r s e  a lbu m in  

( 0 . 5  mg) i n j e c t e d  i n t r a c u t a n e o u s l y .  These r e s u l t s  a r e  

sum m arised  i n  T a b le  7* 3* T y p i c a l  c u ta n e o u s  r e a c t i o n s  a r e  

shown i n  F i g .  7* 2.

A l l  a n im a l s  s e n s i t i s e d  t o  ova lbum in  u s i n g  F r e u n d ’s 

a d j u v a n t  d e v e lo p e d  d e l a y e d  s k i n  r e a c t i o n  24 t o  48 h r ,  a f t e r  

i n j e c t i o n  o f  ov a lb u m in ,  h o r s e  serum and  h o r s e  a lb u m in .  These 

were m a n i f e s t e d  a s  more d i f f u s e  s w e l l i n g s ,  h a r d e r  i n  con ­

s i s t e n c y  t h a n  t h o s e  o f  t h e  im m edia te  r e a c t i o n s .  They r a n g e d  

i n  s i z e  from 25 mm t o  50 mm i n  d i a m e t e r .  These  p e r s i s t e d  f o r  

up  t o  7 d a y s .  Such d e l a y e d  r e a c t i o n s  d i d  n o t  o c c u r  i n  a n im a l s  

s e n s i t i s e d  w i t h o u t  F r e u n d ’ s a d j u v a n t .
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Pig. 7.2 - Skin of # g«naiti8#d Ayrshirn calf showing active 
cutaneous anaphylactic reactions to intradenaal injections 
of ovalbumin (5.0 mg and 2.5 sig).
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ANTAGONISTS 

i )  IdBCLOgKMAl’-tATIi!

In trav en o u s  i n j e c t i o n  o f  meclofenamate appeared to  

p rev en t immediate a c t iv e  cutaneous r e a c t io n s  i n  anim als 

s e n s i t i s e d  w ithou t a d ju v an t .  Such p re tre a tm e n t  a lso  r e ­

duced the  magnitude of immediate r e a c t io n s  in  anim als se n s­

i t i s e d  w ith  F reu n d ’s ad ju v an t hut delayed  sk in  r e a c t io n s  

s t i l l  developed in  th e se  anim als 24 to  48 h r . , a f t e r  i n t r a ­

venous i n j e c t i o n  o f  meclofenamate and in tra c u ta n e o u s  in j e c t i o n s  

of  ovalbumin.

11) MEPYRAMINE

The dose of h is tam ine  producing a r e a c t i o n  of approx­

im a te ly  the  same magnitude as 5*0 mg ovalbumin in  a s e n s i t i s e d  

animal was determ ined . Such a r e a c t io n  to  2 .0  ;ig h is tam ine  

was found to  be i n h ib i t e d  by s im ultaneous in tra c u ta n e o u s  

i n j e c t i o n  of 1 .0  mg mepyramine (Table 7- 4)* This dose of 

mepyramine had no e f f e c t  in  red u c in g  a c t iv e  cutaneous r e a c t io n s
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to  5*0 mg ovalbumin (F ig . 7*3)* In c re a s in g  the  dose of 

mepyramine to 5*0 mg r e s u l t e d  in  some re d u c t io n  in  immediate 

cutaneous r e a c t io n s  bu t no t of delayed r e a c t io n s ,  as shown 

in  Table 7. 5.

STOÎARY

1. Only serum from anim als s e n s i t i s e d  u s in g  F reund ’s 

ad ju v an t s e n s i t i s e d  the sk in  of  c a lv e s ,  bu t nor g u inea-  

p ig s  or r a t s ,  f o r  PGA r e a c t io n s .

2. The sk in  s e n s i t i s i n g  p ro p e r ty  of  such serum v/as l o s t  

on h e a t in g ,

5. PCA was no t p reven ted  by p re tre a tm e n t  of anim als w ith  

m eclofenam ate.

4* Immediate a c t iv e  cutaneous r e a c t io n s  were e l i c i t e d  in  

a l l  s e n s i t i s e d  an im als . These were n o t s p e c i f i c  i n  

anim als s e n s i t i s e d  u s in g  F re u n d 's  ad ju v an t and such 

anim als a lso  showed non s p e c i f i c  de layed  sk in  r e a c t io n s
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5* Immediate bu t n o t delayed r e a c t io n s  were reduced 

by in tra v e n o u s  i n j e c t i o n  of  meclofenamate or by 

in t r a c u ta n e o u s  i n j e c t i o n  o f  mepyramine.
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DISCUSSION

ANIMALS

I t  was e s s e n t i a l  to  e s t a b l i s h  p r im a r i ly ,  a method by 

which c a t t l e  might be s e n s i t i s e d  to  fo re ig n  p r o te in  so t h a t  

a c u te ,  system ic  a n a p h y la c t ic  r e a c t io n s  could  be r e g u la r ly  

produced. Calves aged 4 to  6 months were s e le c te d  f o r  t h i s  

purpose as  they  could  be r e l i e d  upon a t  t h i s  age to  be 

iram unologically  com petent. As d isc u sse d  in  S e c t io n  I  ( p . l lO )  

the  immune response  has been shown to  be a f f e c t e d  by the  n a tu re  

o f  the  a n t ig e n  and workers i n  t h i s  f i e l d  have found t h a t  

ca lv es  o f  under one month of  age do n o t  r e g u l a r l y  respond  to  

an Immunological s t im u lu s .  A ll an im als were f r e e  from d ise a se  

a t  th e  commencement o f  experim en ts . Subsequen tly  anim als 

showing symptoms o f  d is e a se  in  the  course of the  experim ents 

were r e j e c t e d .  Among th o se  r e j e c t e d  were 4 anim als which 

developed mucosal d is e a s e ,  4 s u f f e r in g  from severe  o s t e r -  

t a g i a s i s ,  2 showing s ig n s  of i n t e r s t i t i a l  pneumonia and one
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which developed an ahscess  i n  the neck. The anim als were 

ribt p a r a s i t e » f r e e  b u t ,  to  minimise t h e i r  exposure to  

p a r a s i t i c  i n f e c t io n ,  were kep t indoors  i n  in d iv id u a l  pens.

At necropsy  th e re  was evidence of i n f e s t a t i o n  by i n t e s t i n a l  

h e lm in th s  and, i n  about 2^^ of the  an im als , d ic ty o c a u lu s  

v iv ip a r u s .

Calves o f  the  A yrsh ire"and  F r i e s i a n  b reeds  were chosen 

as  th e se  a re  most e a s i l y  o b ta in a b le  in  the  West o f  S co tlan d . 

P re v io u s ly  no im portance has been a t ta c h e d  to  breed  in  the  

in c id en ce  o f  d is e a s e s  p o s s ib ly  a s s o c ia te d  w ith  h y p e r s e n s i t i v i t y  

and o th e r  workers who induced anaphy lax is  in  c a t t l e  used  a 

v a r i e ty  o f b reeds (Wray and Thomlinson, I 969) .  Pungworth ■ 

( 1965) used  H o ls te in - F r ie s ia n s  and H erefords and Code and 

H e s te r  (1939) used  Guernsey c a lv e s .  In  a p re l im in a ry  t e s t  

one A y rsh ire  and 2 Highland ca lv es  were u sed . The Highland 

c a lv e s  r e a c te d  l e s s  s e v e re ly  than  d id  the  A y rsh ire ,  p a r t i c u ­

l a r l y  w ith  r e s p e c t  to  the  r e s p i r a t o r y  symptoms. These an im als ,
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a l th o u g h  n o t in c lu d ed  in  the  r e s u l t s  d e sc r ib ed  in  S e c t io n  I I  

were r e t a in e d  and ch a llenged  a t  2 to  5 week i n t e r v a l s  f o r  5 

months. The H ighland ca lv es  on no occasion  showed very  severe  

r e s p i r a t o r y  d i s t r e s s  and when they  c o l la p se d  ro se  to  t h e i r  

f e e t  w i th in  30 sec .  Congestion of the  co n ju n o tiv ae  and the 

sk in  of th e  muzzle was always seen . The scope o f  t h i s  i n v e s t ­

ig a t io n  d id  n o t in c lu d e  an exam ination o f  b reed  d i f f e r e n c e s ,  

bu t i t  i s  p o s s ib le  t h a t  the  n a tu re  of  the  a n a p h y la c t ic  r e ­

a c t io n  may be in f lu e n c e d  by b reed  and some b reeds  of  c a t t l e  

may develop h y p e r s e n s i t i v i t y  more r e a d i l y  than  o th e r s .  This 

could  be o f  im portance in  a n t i c i p a t i n g  r i s k s  o f  anaphy lax is  

o c c u rr in g  in  a s s o c ia t io n  w ith  v a c c in a t io n  or drug a d m in is t r a t io n .

ANTIGENS

As an tigen 's ,  the  p ro te in s  ovalbumin, horse  albumin and 

horse  serum were chosen. B a c te r i a l  endo tox in  and drugs having 

d i r e c t  e f f e c t s  u n r e la te d  to  h y p e r s e n s i t i v i t y  have been used  

by o th e r  w orkers , bu t were excluded from t h i s  in v e s t ig a t io n
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,to avo id  a d d i t io n a l  co m p lica tio n . In trav en o u s  a d m in is t r a t io n  

a llow ed  the  maximum c o n tro l  o f  the  dose of a n t ig e n  to  which 

each animal was exposed. The s e n s i t i s i n g  dose o f  egg albumen 

used  i n i t i a l l y  and based on t h a t  used  by Thomlinson and Buxton 

( 1965) in  p ig s  was su bsequen tly  reduced b u t the  minimum se n s ­

i t i s i n g  dose n e c e ssa ry  v/as n o t  determ ined . The l a t e n t  p e r io d  

and ch a llen g e  dose n e c e ssa ry  were determ ined  by experim ent 

(S e c t io n  I I .  2 ) .  D if fe re n ce s  were encountered  depending on 

whether the  a n t ig e n  used  was ovalbumin, ho rse  serum, or 

ho rse  albumin. The doses of horse  serum were c a lc u la te d  from 

the t o t a l  p r o te in  c o n te n t  o f  the  serum. The p r o te in  in  horse  

serum to  which ca lv es  became s e n s i t i s e d  was n o t i d e n t i f i e d .

The f a i l u r e  to  induce anaphy lax is  u s in g  ho rse  albumin suggested  

t h a t  t h i s  was n o t th e  p r o te in  in  horse  serum to  which c a t t l e  

became s e n s i t i s e d .  Smith and Ingram ( I 965) found t h a t  the  

n a tu re  o f  the  a n t ig e n  used  a f f e c t e d  the immune response of 

c a lv e s  under one month of age. As much o f  the  l i t e r a t u r e  on
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the  s u b je c t  of an ap h y lax is  concerns experim ents  where 

ovalbumin was the  a n t ig e n  u sed , comparisons w ith  the 

f in d in g s  o f  o th e r  workers were s im p l i f ie d  by u s in g  o v a l­

bumin in  most o f  our experim en ts .

T l̂e adverse  e f f e c t  o f  crude egg albumen on 5 unsens­

i t i s e d  ca lv es  may have been an a p h y la c to id ,  l i k e  t h a t  ob­

se rved  in  r a t s  on i n j e c t i o n  o f  egg w hite (S e ly e ,  19375 

P a ton , 1956 ; P a r r a t t  and West, 195?)•

ADJUVANTS

As severe  r e a c t io n s  were produced r e g u l a r l y  by the  

very  sim ple method of s e n s i t i s a t i o n  by a  s in g le  in trav e n o u s  

i n j e c t i o n  of ovalbumin, ad ju v an ts  were n o t  deemed n e c e ssa ry .  

F a i lu r e  to  induce r e a c t io n s  on exposure of an im als , s e n s i t i s e d  

in  t h i s  way, to  a n t ig e n  by in h a la t io n  le d  to  the  adop tion  

in  6 an im als of the  techn ique used  by Dungworth (19^5) of 

g iv in g  in tra m u sc u la r  i n j e c t i o n s  o f  ovalbumin w ith  complete
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F reu n d ’s a d ju v a n t .  This r e s u l t e d  in  the  r e v e l a t i o n  of 

d i f f e r e n c e s  between s e n s i t i v i t y  induced w ith  and w ithou t 

a d ju v a n t .  Animals s e n s i t i s e d  u s in g  F re u n d 's  ad ju v an t 

showed ty p ic a l  symptoms of anaphy lax is  bu t r e a c te d  system - 

i c a l l y  to  ch a llenge  doses sm alle r  by 98^  than  d id  those 

s e n s i t i s e d  w ithou t a d ju v a n t .  They a ls o  showed system ic 

and cutaneous c r o s s - r e a c t io n s  to  horse albumin and horse  

serum. S chu ltz -D a le  r e a c t io n s  were dem onstra ted  in  b ro n c h io le ,  

pulmonary a r t e r y  and jejunum from 2 ou t of 3 of such anim als 

whereas a l though  2 o f  4 anim als s e n s i t i s e d  w ith o u t ad juvan t 

p rov ided  jejunum which responded to  a n t ig e n ,  pulmonary t i s s u e  

from a l l  of. I 6 an im als s e n s i t i s e d  w ith o u t ad ju v an t f a i l e d  to  

respond . The e f f e c t s  o f  a n t ig e n  on p e r fu s io n  o f  i s o l a t e d  

lung  were a l s o  more marked in  the case of  anim als s e n s i t i s e d  

w ith  F reund ’s a d ju v a n t .  The serum of the  l a t t e r  succeeded, 

where t h a t  of an im als s e n s i t i s e d  w ith o u t a d ju v an t f a i l e d ,  

in  s e n s i t i s i n g  th e  sk in  of o th e r  ca lv es  f o r  p as s iv e  cutaneous
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a n a p h y la x is .  This was confirmed u s in g  g o a ts  in  p lace  of 

u n s e n s i t i s e d  ca lv es  (B eadle, I 97O, p e rso n a l communication). 

This sk in  s e n s i t i s i n g  a c t i v i t y  of serum was l o s t  on h e a t in g ,  

su g g e s t in g  t h a t  r e a g in io  a n t ib o d ie s  were r e s p o n s ib le .  I t  

was found t h a t  the  t i t r e s  of p r e c i p i t a t i n g  and haem agglut- 

i n a t in g  a n t ib o d ie s  in  these  anim als were h igh  ( l ; 5,120 to  

1 :10 ,240 ) whereas such t i t r e s  in  anim als s e n s i t i s e d  w ithou t 

a d ju v an t were alm ost as low ( 1:40 to  1 : 520) as  in  c o n tro l  

ca lv es  ( l ; 4 0 )  D avies, I 968 , p e rso n a l communication).

Freund and McDermott ( I 942 ) d e sc r ib e d  s e n s i t i s a t i o n  of 

g u in e a -p ig s  to  horse  serum u s in g  an ad ju v an t c o n ta in in g  

k i l l e d  tu b e rc le  b a c i l l i ,  p a r a f f in  o i l  and a l a n o l i n - l i k e  

em u ls ify in g  a g e n t .  They found p r e c i p i t i n  t i t r e s  to  be h ig h e r  

as a r e s u l t  of u s in g  ad ju v a n t .  They a lso  encountered  d i f f e r ­

ences in  the n a tu re  and d u ra t io n  of cutaneous r e a c t io n s  in  

anim als s e n s i t i s e d  in  t h i s  way. Lewis and Loomis, as e a r ly  

as 1924 d isco v ered  t h a t  tu b e rcu lo u s  g u in e a -p ig s  produced more
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a n t ib o d ie s  than  n o n -tu b ercu lo u s  guinea p ig s ,  when in j e c t e d  

(w i th ,v a r io u s  a n t ig e n s  n o t r e l a t e d  to  tu b e rc le  b a c i l l i .

D ienes, i n  1928 , showed k i l l e d  tu b e rc le  b a c i l l i  to  be as 

e f f e c t i v e  as l i v i n g  ones'. The p a r a f f i n  o i l  and em ulsify ing* 

agen t were b e l ie v e d  by Freund and McDermott (1942) sim ply to  

p r o te c t  the  b a c t e r i a  and r e t a r d  s e p a ra t io n  o f  the  a n t ig e n .

The ex a c t  mode of a c t io n  of immunological a d ju v a n ts ,  however, 

i s  s t i l l  u n c le a r .  The a c t iv e  p r in c ip le  of  Mycobacterium 

tu b e r c u lo s i s ,  a p e p t id o g ly c o l ip id ,  Wax D, was f r a c t io n a te d  

and c h a r a c te r i s e d  by Tanaka, Tanaka, Tsubone, Kuroda and 

Sugiyama ( I 965) .  This wax, the  a c t iv e  p r in c ip l e  o f  complete 

F reund’ s a d ju v a n t ,  s t im u la te d  p r o l i f e r a t i o n  of p la sm a -c e l l  

e lem ents and o f  r e t i c u lo e n d o t h e l i a l  c e l l s  (Hupp, Moore and 

Schoenberg, I 960) .  Koga, I s h ib a s h i ,  Sugiyama and Tanaka 

( 1969) p rovided  ev idence th a t  the  m y co b ac te r ia l  ad ju v an t 

e x e r te d  i t s  e f f e c t  by in c re a s in g  the  number of an tib o d y -  

form ing c e l l s  and a l s o  enhanced the  an tib o d y -p ro d u c in g  c a p a c i ty
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o f  each c e l l .  White ( I 968) p o in ted  out the  s u r f a c e - a c t iv e  

p r o p e r t i e s  o f  th e  m y co b ac te r ia l  p e p t id o g ly c o l ip id  and suggested  

the  involvem ent of lysosom al ru p tu re  i n  a d ju v a n t  a c t i v i t y .

White a l s o  p o in te d  ou t the  s p e c i f i c  e f f e c t  o f  m y co b ac te r ia l  

ad ju v an ts  in  in c re a s in g  p a r t i c u l a r  immunoglobulins and t h e i r  

a s s o c i a t i o n ,  in  the g u in e a -p ig ,  w ith  in c re a s e d  de layed -type  

h y p e r s e n s i t i v i t y .  Koga e t  a l  (19^9) sugges ted  t h a t  the  endo­

to x in  o f  Gram-negative b a c t e r i a ,  such as  Bordet e l l a  p e r t u s s i s ,  

a c te d  as  an ad ju v an t in  a way s im i la r  to  t h a t  of M ycobacteria l 

a d ju v a n ts .  I f  the  e f f e c t  o f  ad ju v an ts  were simply to  q u a n t i ­

t a t i v e l y  in c re a s e  the  immune response  the  s i t u a t i o n  would be 

s im ple . However, as  s t a t e d  by White ( 1968) and as  o u t l in e d  

in  S e c t io n  I  where th e  l i t e r a t u r e  on an ap h y lax is  in  the  r a t  

was review ed, i t  was shown t h a t ,  i n  the  r a t ,  s e n s i t i s a t i o n  

u s in g  d i f f e r e n t  a d ju v a n ts ,  namely F reund’ s complete ad ju v an t 

o r  B o rd e te l la  p e r t u s s i s ,  r e s u l t e d  in  th e  p ro d u c tio n  of d i f f e r e n t  

ty p es  of  a n t ib o d y . The two types were d i s t in g u is h a b le  on PGA
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r e a c t io n s  on the  b a s is  of op tim al l a t e n t  p e r io d s  and 

on t h e i r  i n h i b i t i o n  by d i f f e r e n t  s e l e c t iv e  a n ta g o n is t s  

o f  h is tam in e  and SRS-A r e s p e c t iv e ly  (S te c h sc h u lte  e t  a l . ,  

1967) .  D i f f e re n t  types of an tibody  were produced a lso  

i n  mice u s in g  F reund ’s and B o rd e te l la  p e r t u s s i s  ad ju v an ts  

(C lausen , Munoz and Bergman, I 969) .  B o rd e te l la  p e r tu s s i s  

c e l l s  were shown to  c o n ta in ,  in  a d d i t io n  to  endo tox in , a 

h e a t - l a b i l e  substance  which possessed  an immunologic 

a d ju v an t a c t i v i t y  (P ie ro n i  and Levine, I 966 ; I 967) .  In

a d d i t io n ,  in c re a s e d  s u s c e p t i b i l i t y  to  h is tam in e  and 5“ 

hydroxytryptam ine was shown by Sanyal and West ( 1958a )  to  

be a s s o c ia te d  w ith  p re tre a tm e n t  w ith  B o rd e te l la  p e r tu s s i s  

vaccine  in  r a t s  and mice.

SYMPTOMS

R e s p ira to ry  d i s t r e s s  was shown in  every  case of ana­

p h y la x is  as was in c re a s e d  s e c re to ry  a c t i v i t y .  N inety  p e rc e n t  

o f  a l l  an im als never showed symptoms of sk in  i r r i t a t i o n
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a lth o u g h  severe  r e s p i r a t o r y  changes occurred* Where 

p r u r i t i s  was shown i t  was accompanied by m ild , r a th e r  

than  s e v e re ,  r e s p i r a t o r y  symptoms. As d e s c r ib e d  in  

S e c t io n  I I  ( p . l ^ l )  the  occurrence of  p r u r i t i s  was un­

p r e d ic ta b le  so t h a t  the  in f lu e n c e  of a n ta g o n is t  drugs 

on t h i s  symptom was n o t  a s se s s e d .

CHALLENGE DOSES

The r e l a t i o n s h i p  between the ch a llen g e  dose o f  a n t ig e n  

and the  s e v e r i ty  of the r e a c t io n  allow ed s e l e c t i o n  of doses 

which produced r e a c t io n s  of p r e d ic ta b le  s e v e r i t y .  This was 

n e c essa ry  fo r  reaso n s  of hum an ity ,in  o rd e r  to  avo id  producing  

f a t a l  r e a c t io n s  u n in te n t io n a l ly  and to  a llow  re p e a te d  cha llenge  

to  be c a r r i e d  ou t i n  assessm ent o f  th e  e f f e c t s  o f  a n ta g o n is t  

drugs i n  m odify ing  the  s e v e r i ty  of r e a c t io n s .

ROUTES

Unlike Thomlinson and Buxton ( I 963) who claim ed t h a t , i n  

p ig s ,  a d d i t io n a l  subcutaneous i n j e c t i o n s  o f  a n t ig e n  pro longed
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r e a c t io n s  on in tra v e n o u s  ch a lle n g e ,  we d id  n o t observe t h i s  

e f f e c t  i n  c a lv e s .  In tra m u sc u la r  o r  subcutaneous c h a lle n g in g  

i n j e c t i o n s  a lone  produced no symptoms. This might have been 

due to. the  slow r a t e  o f  a b so rp t io n  from such s i t e s ,  r e s u l t i n g  

in  an i n s u f f i c i e n t  c o n c e n tra t io n  re a c h in g  the  c i r c u l a t i o n  to  

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

Exposure to  ovalbumin by in h a la t io n  o f  an im als s e n s i t i s e d  

by an in trav e n o u s  i n j e c t i o n  o f  ovalbumin o r  by a s e r i e s  of 

in tra m u sc u la r  i n j e c t i o n s  o f  ovalbumin and F reu n d ’s ad ju v an t 

produced only tachypnoea and o cc as io n a l coughing. Each animal 

was r e s t r a i n e d  in  s to c k s  and a po ly thene bag was secured  round 

the  head. A rubber  tube le d  from the i n t e r i o r  o f  the po ly thene 

bag to  a Wright n e b u l i s e r  (Aerosol P ro d u c ts ,  C o lch es te r  Ltd) 

c o n ta in in g  a 5^- s o lu t io n  of ovalbumin. Oxygen a t  lOL/min 

was allow ed to  flow through  t h i s  s o lu t io n .  This allow ed 

p a r t i c l e s  o f  approx im ate ly  1 jx^ diam. to  form as vapour in  

the  po ly thene bag. Animals were exposed to  t h i s  vapour f o r
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30 min. d u r in g  which time approx im ate ly  ^ 0  ml of y /o  o v a l­

bumin was a d m in is te re d .

A ttem pts to  induce anaphy lax is  by i n h a l a t i o n  s u f fe re d  

2 major d isad v an tag es  i n  t h a t  the procedure was t e c h n ic a l ly  

d i f f i c u l t  to  c a r ry  ou t w ithou t s u b je c t io n  o f  o p e ra to rs  to  

ovalbumin vapour or im p a ir in g  the  supply of a i r  to  the  anim al. 

A lso , i n h a la t io n  of  fo re ig n  m a te r ia l  might r e s u l t  in  broncho- 

c o n s t r i c t i o n  due to  an i r r i t a n t  e f f e c t  u n r e la te d  to  hyper­

s e n s i t i v i t y  (B a n is te r ,  F e g le r  and Hebb, 1949)* 'When Dungworth 

( 1965) induced r e a c t io n s  on in h a la t io n  of ovalbumin he used  

p e r io d s  of exposure o f  up to  9 days in  a room 10 ' x 20 ' x 1 0 ' .  

Dungworth Used an a e ro s o l  supp ly ing  p a r t i c l e s  0 .7  to  1 .2  ^  

in  d ia m e te r .  P a r t i c l e s  of ovalbumin su p p lie d  to  g u in ea -p ig s  

u s in g  the  same n e b u l i s e r  as  used  in  c a lv e s  were found to  induce 

r e a c t io n s  in  s e n s i t i s e d  g u in e a -p ig s .  The s iz e  o f  p a r t i c l e s  

formed by th e  n e b u l i s e r  may have been unab le  to  p e n e t r a te  

f a r  enough in  the  r e s p i r a t o r y  t r a c t  of c a lv e s  to  i n i t i a t e  the
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r e a c t io n  which, i n  the  g u in e a -p ig ,  i s  l a r g e ly  due to  

c o n t r a c t io n  o f  b ro n c h ia l  muscle,

DURATION OF SENSITIVITY

None of the  experim en ta l anim als were k ep t a l iv e  f o r  

lo n g e r  th an  18 months. The d u ra t io n  of  s e n s i t i v i t y  was no t 

i n v e s t i g a t e d  s p e c i f i c a l l y  bu t 2 s e n s i t i s e d  anim als in  which 

exposure to  ovalbumin was w ith e ld  f o r  22 wk. r e a c te d  t y p i c a l l y  

when c h a lle n g ed  a f t e r  t h i s  i n t e r v a l .  I n t e r v a l s  o f  11 wk. 

between su c c e ss iv e  exposures , allow ed in  4 an im als , d id  n o t 

a l t e r  the  s e v e r i t y  o f  subsequent r e a c t io n s .

DESBNSITISATION

D e s e n s i t i s a t i o n  was a ttem p ted  in  one animal by i n j e c t i n g  

100 mg ovalbumin subcu taneously  every  second day f o r  52 days, 

fo llow ed  by 150 mg ovalbumin g iven d a i ly  f o r  a  f u r t h e r  7 days. 

However, ch a llen g e  by in trav e n o u s  i n j e c t i o n  o f  ovalbumin 10 

days a f t e r  the  com pletion  of t h i s  course r e s u l t e d  in  a severe
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r e a c t i o n .  The f e a s i b i l i t y  o f  d e s e n s i t i s i n g  c a t t l e  w as n o t  

^ I n v e s t ig a t e d  f u r t h e r  b u t w it h o u t  u s i n g  a  l a r g e  r a n g e  o f  

d o s e s  and  o f  program m es o f  i n j e c t i o n  th e  p o s s i b i l i t y  o f  

d e s e n s i t i s a t i o n  c a n n o t  be d i s m is s e d .

THERAPY

I n  e x p e r im e n ts  on u n a n a e s t h e t i s e d  a n im a ls  when th e  

d u r a t io n  o f  th e  sym ptom s o f  a n a p h y la x is  w as n o t  b e in g  m e a su r ed , 

any a n im a ls  w h ic h  h ad  n o t  c o m p le t e ly  r e c o v e r e d  by  50 m in . a f t e r  

c h a l l e n g e  w ere g iv e n  5 . 0  to  10  rag a d r e n a l in e  s u b c u t a n e o u s ly .

The v a lu e  o f  t h i s  th e r a p y  w as n o t  a  s u b j e c t  o f  i n v e s t i g a t i o n .
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CHALLENGE OF ANAESTHETISED ANIMALS

PHYSIOLOGICAL CHANGES

Animals were ch a llen g ed  under a n a e s th e s ia  f o r  two 

reaso n s  namely to  f a c i l i t a t e  measurement and re c o rd in g  of 

c a rd io v a s c u la r  and r e s p i r a t o r y  param eters  and to  minimise 

th e  d i s t r e s s  and d iscom fort of the  an im als d u r in g  severe  

r e a c t i o n s .  The a n a e s th e t i c ,  sodium p en to b a rb ito n e  was 

shown by P a r i s h ,  H a ll  and Coombs ( I 965) to  con fer  no p ro ­

t e c t i o n  a g a in s t  an ap h y lax is  in  g u in e a -p ig s .  Severe r e a c t io n s  

were r e g u la r ly  produced in  our a n a e s th e t i s e d  an im als , bu t 

as the p o s s i b i l i t y  o f  m o d if ic a t io n  by the a n a e s th e t i c  could 

n o t  be e n t i r e l y  e x c lu d e d ^ q u a n t i ta t iv e  r e s u l t s  and assessm en ts  

o f  the  e f f e c t s  o f  a n ta g o n is t s  were co n s id e red  s e p a r a te ly  in  

conscious and in  a n a e s th e t i s e d  an im als . Eyre ( I 969) found 

t h a t  b a r b i tu r a t e  an tag o n ised  a h is ta m in e - in d u c e d  r e l a x a t i o n  

o f  l e s s e r  b ronch i and b ro n c h io le s  in  the  sheep. This might 

i n t e n s i f y  b ro n c h o c o n s tr ic t io n  in  sheep a n a e s th e t i s e d  w ith
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b a rb i tu r a te *  However, no r e la x a n t  e f f e c t  was observed on 

i s o l a t e d  bovine tra c h e o b ro n c h ia l  t i s s u e  excep t t h a t  induced 

by a d re n a l in e  (S e c t io n  I I .  5 ) .  The co n g es tiv e  e f f e c t  on the  

lung  of l a t e r a l  recumbency of the  animal and the  a b o l i t i o n  

o f  the  cough r e f l e x  would in f lu e n c e  to  some e x te n t  th e  r e s ­

p i r a t o r y  and c i r c u l a to r y  changes in  a n a e s th e t i s e d  animals*

On c h a l le n g e ,  a n a e s th e t i s e d  anim als were found to 

undergo a r a p id  f a l l  in  system ic blood p r e s s u re .  T h is , which 

cou ld  cause c e re b ra l  hypoxia, was co n s id e red  to  be r e s p o n s ib le  

f o r  the  c o l la p se  observed in  u n a n a e s th e t is e d  an im als . There 

was a  s im ultaneous r i s e  in  pulmonary a r t e r i a l  p re s s u re .

V arious f a c t o r s ,  to g e th e r  or s e p a r a te ly ,  might have been r e s ­

p o n s ib le  f o r  t h i s  phenomenon. D ire c t  c o n s t r i c t i o n  of the  

pulmonary a r t e r i a l  system as d e sc r ib ed  in  the  r a b b i t  ( A i r i l i a ,  

1914) ,  o r  o f  the  pulmonary v e in ,  by r e le a s e d  or formed su b s tan ces  

such as  h is ta m in e ,  5"hydroxytryptam ine, k in in s  o r  SRS-A might 

have o ccu rred . Pulmonary a r t e r y  and pulmonary v e in  c o n s t r i c t e d
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when exposed in  i s o l a t i o n  to  5 -iiyhroxy tryp tam ine , h is tam in e  

and h ra d y k in in .  Both t i s s u e s ,  o b ta in ed  from anim als se n s ­

i t i s e d  u s in g  F re u n d 's  a d ju v a n t ,  c o n s t r i c t e d  i n  response  to  

ovalbumin. Eyre (1970b) found pulmonary v e in  to  be a t  l e a s t  

20 tim es more s e n s i t i v e  than  a r t e r y  to  5~by&roxytryptamine 

and h is tam in e  and o b ta in e d  S ch u ltz -B a le  re sp o n se s  more r e a d i ly  

from pulmonary v e in  than  a r t e r y .  The experim ents  d esc r ib e d  

in  S e c t io n  I I .  3 in c lu d e d  5 tim es more a r t e r i e s  than  v e in s  

b u t ,  where bo th  t i s s u e s  were t e s t e d ,  bo th  o r  n e i t h e r  responded 

to a n t ig e n .  There was a l s o  a l e s s  marked d i f f e r e n c e  between 

the  t i s s u e s  i n  t h e i r  s e n s i t i v i t y  to  5-hydroxy tryp tam ine  and 

h is ta m in e . .  E xclud ing  any o th e r  f a c t o r s ,  hypoxia has been 

shown to  s t im u la te  pulmonary a r t e r i a l  c o n s t r i c t i o n  in  ca lv es  

(Kuida, Brovm, Thorne, Lange and Hecht, I 962 ) so t h a t ,  even 

i f  n o t a prim ary e f f e c t ,  pulmonary h y p e r te n s io n  would be 

expec ted  to  a r i s e  s e c o n d a r i ly  to  r e s p i r a t o r y  em barrassm ent. 

R e s is ta n c e  to  blood flow  in to  the lung  would a l s o  be in c re a s e d
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by an in c re a s e  in  the  volume o f  a i r  r e t a in e d  in  the lungs 

due to  b ro n c h o c o n s tr ic t io n  and impairment o f  e x p i r a t io n .  

Pulmonary a r t e r i a l  and venous c o n s t r i c t i o n  cou ld , in  tu r n ,  

r e s u l t  in  dec reased  r e tu r n  of  b lood to  the  l e f t  s id e  o f  the  

h e a r t ,  l e a d in g  to  system ic hypo tension . V a so d i la t io n  a t  

o th e r  s i t e s  in  the body would r e s u l t  in  system ic  hypotension  

a l s o .  There was no evidence on necropsy  of p o o lin g  of b lood 

in  any o th e r  organ o r  t i s s u e  (S e c tio n  I I .  2 ) .

S im ultaneously  w ith  the onse t o f  b lood p re s su re  changes, 

an im als became apnoeic  fo r  $0 to  90 sec .  Fo llow ing  apnoea 

r e s p i r a t o r y  flow and minute volumes were g r e a t e r  than  b efo re  

c h a l le n g e .  Accumulation o f  f l u i d  in  the  t ra c h e o b ro n c h ia l  t r e e  

was a ls o  a f e a t u r e .  On exam ination  p o s t  mortem, pulmonary 

oedema was always se v e re ,  w ith  a re a s  o f  co n g e s tio n , emphysema 

and haemorrhage. The r e l a t i v e  im portance and sequence in  time 

o f  oedema and b ro n c h o c o n s tr ic t io n  was n o t  c l e a r l y  e s ta b l i s h e d .  

The techn ique  of K onzett and B o ss ie r  ( I 940) f o r  re c o rd in g  a i r
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overflow  volume used  by Alexander e t  a l .  ( I 967 ) to  measure 

v b ro n c h o c o n s tr ic t io n  in  the  sheep was no t u sed  in  our experim ents  

in  c a lv e s .  Although i t  i s  i n f e r r e d  t h a t  t h i s  method measures 

b ro n c h o c o n s tr ic t io n ,  what i s  a c tu a l ly  b e in g  measured i s  

r e s i s t a n c e  to  the  e n t ry  of a i r  in to  the  lu n g s .  This r e s i s t a n c e  

would c l e a r ly  be in c re a se d  a l s o  by the  presence  o f  m a te r ia l  

w ith in  th e  lumen o f  the b ro n ch ia l  t r e e  and would n o t d i s t in g u is h  

a c o n s t r i c t o r  from an o b s t ru c t iv e  e f f e c t .  B ronch ia l m uscle, 

removed from anim als s e n s i t i s e d  w ith  F re u n d 's  a d ju v a n t , con­

t r a c t e d  on exposure , in  v i t r o ,  to  a n t ig e n  and in  p re l im in a ry  

experim ents  on a i r  p e r fu s io n  o f  i s o l a t e d  lungs  of such an im als , 

r e s i s t a n c e  to  a i r  p e r fu s io n  was s l i g h t l y  in c re a s e d  by a n t ig e n .  

The p o s t  mortem appearance of the  lungs was u n l ik e  t h a t  o f  

g u in e a -p ig s  dying of anaphy lax is  in  t h a t  the  l a t t e r  showed 

marked emphysema w ith  no g ross  oedema. Sanyal and West ( 1958b) 

a t t r i b u t e d  the  complete o b s t ru c t io n  of the  r e s p i r a t o r y  passages 

which i s  a c h a r a c t e r i s t i c  f e a tu re  of a n a p h y la c t ic  shock in  

the  g u in e a -p ig  to  th e  unusua l arrangem ent in  t h i s  sp e c ie s
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of the  smooth-musole f i b r e s  in  the  t r a c h e a  and b ro n ch i,

VThese a re  a t ta c h e d  in  the  g u in e a -p ig  to  th e  in n e r  a s p e c t  

o f  the  c a r t i l a g e .

The absence of any e f f e c t  produced by i n j e c t i o n  of 

p u r i f i e d  ovalbumin or horse  serum in  u n s e n s i t i s e d  anim als 

confirm ed the absence of a n a p h y lac to id  or r e f l e x  e f f e c t s  

u n r e la te d  to  h y p e r s e n s i t i v i t y .  Many chem ica lly  d i f f e r e n t  

su b s ta n c e s ,  e .g .  5“hydroxytryp tam ine, egg w hite and horse  

serum in  c a ts  a re  known to produce apnoea, hypotension  and 

b ra d y ca rd ia  when in je c t e d  in t r a v e n o u s ly  due to  s t im u la t io n  

o f  chem oreflexes from the  h e a r t  and lungs (Dawes and Coraroe, 1954)

SUCCESSIVE CHALLENGES

The absence of response  to  a second i n j e c t i o n  o f  the 

same a n t ig e n  fo r  a p e r io d  of 6 to 7 days fo l lo w in g  a r e a c t io n  

might be due to  d e p le t io n  of m ed ia ting  su b s tan ces  or o f  

s p e c i f i c  a n t ib o d ie s .  Challenge w ith  one a n t ig e n  reduced the
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s e v e r i ty  o f  the subsequent response to  a second a n t ig e n  

^ t o  which anim als had a lso  been s e n s i t i s e d .  This f in d in g  

favoured  the  im portance o f  d e p le t io n  o f  humoral f a c t o r s  o r  

t h e i r  p r e c u r s o r s ,  r e s p o n s ib le  fo r  m ed ia t in g  the  r e a c t io n .

COIvîPARISONS WITH REACTIONS DESCRIBED BY OTHER V/ORIOCRS

Code and H es te r  (1959) d esc r ib ed  abdominal tympany as 

th e  o u ts ta n d in g  f e a tu r e  of anaphy lax is  in  t h e i r  ca lv e s .

They co n s id e red  the  accompanying tachypnoea and hyperpnoea 

as  secondary to  gaseous d is te n s io n  o f  the  rumen. Tympany 

of the  rumen was observed o c c a s io n a l ly  in  our an im als , bu t 

vfas always preceded and accompanied by severe  dyspnoea. 

Tympany never p e r s i s t e d  fo r  longer  than 45 min. whereas 

Code and H es te r  found t h i s  symptom to  p e r s i s t  f o r  6 h r .  The 

ex a c t  age of Code and H e s t e r 's  ca lv es  v/as no t s t a t e d  bu t they  

were under 6 months o ld .  They did d i f f e r  from our anim als 

in  t h a t  th ey  were of the  Guernsey b reed  and a lso  in  t h a t  

they  were s e n s i t i s e d  by a s e r i e s  o f  d a i ly  i n j e c t i o n s .  The
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dose o f  a n t ig e n  in  r e l a t i o n  to body w eight was no t s t a t e d ,  

b u t .was o f  the  same o rd e r  as t h a t  used  in  our experim en ts . 

C ha lleng ing  an im als w ith  t h i s  amount by s in g le  in trav e n o u s  

i n j e c t i o n  would have been expected  to  r e s u l t  in  a severe  

re a c t io n *  As the  e f f e c t s  were r e l a t i v e l y  m ild , the  method 

of s e n s i t i s a t i o n  used  by Code and H es te r  appeared  le s s  

e f f e c t i v e  than  a s in g le  in trav e n o u s  s e n s i t i s i n g  i n j e c t i o n .

Code and H este r  measured c a r o t id  blood p re ssu re  by means of 

a mercury manometer and observed only a d e c l in e  of approx­

im a te ly  157̂ * This occu rred  g ra d u a l ly  over 5 min. and co­

in c id e d  w ith  su p p ress io n  of c o n t ra c t io n s  o f  the  rumen. The 

r a p id  f a l l  in  B.P. which we observed was n o t  encoun tered . 

G erlach  ( 1922) ,  by subcutaneous i n j e c t i o n s  o f  horse  serum, 

produced r e a c t io n s  s im i la r  to  those  of our an im als . U r t i c a r i a  

and oedema o f  mucous membranes were more marked in  G e r la c h 's  

ca ses  and the r a t e s  o f  onse t and d u ra t io n  of  the  r e a c t io n s  

were more pro longed .
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Our f in d in g s  d i f f e r e d  from those  of Wray and Thomlinson 

( I 9Ô9 ) izi t h a t  th e se  workers found marked g a s t r o - i n t e s t i n a l  

as  w ell as  pulmonary l e s io n s  on p o s t  mortem exam ination  

fo l lo w in g  an a p h y lax is .  Lesions in  the  a l im e n ta ry  t r a c t  were 

more sev e re  and pulmonary le s io n s  l e s s  severe  fo llo w in g  

p r o t r a c te d  an a p h y lax is ,  induced by Y/ray and Thomlinson ( I 969) 

by i n j e c t i n g  a n t i s e r a  im m ediately  b efo re  c h a l le n g e .  G a s tro ­

i n t e s t i n a l  l e s io n s  were p re s e n t  in  only  2 of our anim als 

when examined p o s t  mortem fo llo w in g  an a p h y la x is .  One of 

th e se  had been p r e t r e a t e d  w ith  sodium meclofenamate and had 

shown no r e s p i r a t o r y  changes, a l th o u g h  ch a lle n g ed  w ith  a dose 

o f  ovalbumin l e t h a l  in  u n p ro te c te d  c a lv e s .  Although g a s t r o ­

i n t e s t i n a l  l e s io n s  were uncommon, anim als f r e q u e n t ly  developed 

d ia r rh o e a  48 to ?2 h r .  a f t e r  ch a lle n g e .  This p e r s i s t e d  f o r  

48 to  72 h r .  Wray and Thomlinson d id  n o t d e s c r ib e  occurrence  

of  d ia r rh o e a  bu t they  d id  observe s ig n s  o f  abdominal d iscom fo rt 

w ith  te n s io n  of abdominal muscles which were no t d e te c te d  in
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our animals* I t  i s  p o s s ib le  th a t  e f f e c t s  on the  p e rm e a b i l i ty  

v o f  the  a l im e n ta ry  t r a c t  and i t s  v a s c u la tu re  a re  produced more 

slow ly  and in  anim als dying o r  k i l l e d  w i th in  an hour o f  ch a llen g e  

have n o t  had s u f f i c i e n t  time to  become apparent*  The o th e r  

symptoms d e sc r ib e d  by Wray and Thomlinson ag reed  w ith  those 

d e s c r ib e d  in  S e c t io n  Ï Ï .  1. Wray and Thomlinson used  doses 

o f  ovalbumin l a r g e r  than  those  which were found to  be n ecessa ry  

f o r  s e n s i t i s a t i o n  (S e c tio n  II* 1) y e t  they  found m u lt ip le  

s e n s i t i s i n g  i n j e c t io n s  (5 a t  48 h r .  i n t e r v a l s )  to  be n e c essa ry  

to  ensure  t h a t  severe  r e a c t io n s  could be produced on ch a llen g e  

by in tra v e n o u s  i n j e c t i o n  of the  same dose . T h e ir  ca lv es  were 

of  v a r io u s  .u n sp e c if ie d  breeds and were l e s s  than  2 wk. o ld .

The d i f f e re n c e  in  age might account fo r  th e se  anim als p roving  

l e s s  e a s i l y  s e n s i t i s e d .  Wray and Thomlinson suggested  th a t  

t h e i r  anim als might have l e s s e r  q u a n t i t i e s  o f  pharmacodynamic 

ag e n ts  a v a i l a b le  f o r  r e le a s e  from the  t i s s u e s .  There was no 

evidence to  suggest t h a t  t l i i s  was the  re a so n .  A more l i k e l y
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e x p la n a t io n  was t h a t  such young anim als were l e s s  immune-  

l o g i c a l l y  competent than  o ld e r  c a lv e s .  A lthough the  s e v e r i ty  

of  ac u te  anaphy lax is  was found to  he independen t o f  the t i t r e  

o f  c i r c u l a t i n g  an tib o d y , the  amounts of  t i s s u e - f i x e d  a n t ib o d ie s  

were no t known. C i rc u la t in g  an tibody  was confirm ed by Wray 

and Thomlinson to  be n e c essa ry  fo r  the  p ro d u c tio n  of p r o t r a c te d  

an a p h y lax is  which may invo lve  a n t ig e n -a n t ib o d y  complexes p ro ­

ducing an A rth u s-ty p e  r e a c t io n .

R ecen tly  a n a p h y la c t ic  r e a c t io n s  to h e a t - in a c t iv a t e d  Myco­

plasma myCOides were d esc r ib e d  in  6 wk. o ld  ca lv es  (P ie rc y ,  

1970) .  The lungs were p r im a r i ly  a f f e c t e d  and r e a c t io n s  occu rred  

i n  the  absence o f  d e te c ta b le  c i r c u l a t i n g  an tib o d y  and of 

cutaneous h y p e r s e n s i t i v i t y .  These anim als r e a c te d  on t h e i r  

second occasion  o f  exposure to  the  a n t ig e n  I 4 days a f t e r  

i n i t i a l  exposure . This i l l u s t r a t e d  the ease o f  s e n s i t i s a t i o n  

of c a lv e s  as young as 6 w k ., a l th o u g h  c i r c u l a t i n g  complement 

f i x in g  an tib o d y  to  Mycoplasma mycoides was formed only in  

anim als over 8 wk. o ld .
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The v a r i a t i o n s  in  the d e s c r ip t io n s  of acu te  anaphy lax is  

in  the  bovine sp e c ie s  by d i f f e r e n t  i n v e s t ig a to r s  suggest the 

p o s s i b i l i t y  o f  the r e a c t io n s  b e ing  a f f e c t e d  by age, b reed , 

a n t ig e n  and the  method of s e n s i t i s a t i o n *  The g r e a t e s t  problem 

in  a t te m p tin g  to  apply  experim en ta l f in d in g s  to  n a t u r a l l y  

o c c u rr in g  d is e a s e s  i s  ignorance of th e  im portance of the  

method o f  s e n s i t i s a t i o n ,

PATHOLOGY

The d ia g n o s is  o f  b ro n c h o c o n s tr ic t io n ,  by exam ination  of 

the  h is to p a th o lo g y  of lung  s e c t io n s  i s  to  a la rg e  e x te n t ,  

s u b je c t iv e  and was no t a t tem p ted  in  our an im als .  Y/ray and 

Thomlinson ( I 969) judged b ro n c h o c o n s tr ic t io n  to  be p re se n t  

i n  t h e i r  c a lv e s ,  as  d id  Dungworth ( I 969) .  The degree of 

o b l i t e r a t i o n  o f  the lumina of b ro n ch io le s  d e sc r ib e d  in  

g u in e a -p ig  lung  by Dixon and Warren (1950) was n o t encountered  

in  our c a lv e s .  However, i t  i s  p robab le  t h a t  a  spasm of 

b ro n c h ia l  muscle would pass o f f  a f t e r  d e a th .  The d e v ia t io n s



3 2 9

from n o rm a li ty  found in  the  lungs o f  our an im als a f t e r  

a c u te  an ap h y lax is  resem bled c lo s e ly  those  o f  fog  fe v e r  or 

a t y p ic a l  i n t e r s t i t i a l  pneumonia o f  c a t t l e  (Mackenzie, I 965) . 

B earing  i n  mind t h a t  fog fe v e r  i s  a term a p p l ie d  to  a range 

o f  r e s p i r a t o r y  d is e a s e s  c e r t a in  f e a tu r e s  o f  i t s  pa tho logy  

a re  r e g u la r ly  i d e n t i f i e d .  Hyaline membranes i n  a l v e o l i  

and a lv e o la r  duc ts  have been found in  an im als dying a f t e r  

s u f f e r i n g  fog  fe v e r  f o r  a t  l e a s t  24 h r .  Our an im als , w ith  

5 e x c e p t io n s ,  d ie d  or had recovered  w ith in  one to  2 h r .  but 

those  ca ses  which were dyspnoeio f o r  4B h r .  were found on 

p o s t  mortem exam ination  to have h y a l in e  membranes in  t h e i r  lungs

HAEMATOLOGY

The l e u c o p e n i a ,  due l a r g e l y  t o  n e u t r o p e n i a ,  and th e  

h a e m o c o n c e n t r a t io n  o c c u r r i n g  d u r in g  a n a p h y l a x i s  was i n  a g r e e ­

m ent w i t h  th e  f i n d i n g s  o f  Y/ray and T h o m lin so n  ( I 969) .  J a i n ,  

L a sm a n is  and S ch a lm  ( I 967) m a in t a in e d  a  s e n s i t i s e d  cow i n  a  

s t a t e  o f  n e u t r o p e n i a  f o r  24  h r .  by  i n f u s i o n  o f  o v a lb u m in  o v e r
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6 h r .  Leucopenia was d esc r ib ed  as a f e a tu r e  of  anaphy lax is  

v in  th e  dog by Dean and Webb as  e a r ly  as  I 924 . This was ex­

p la in e d  as r e s u l t i n g  from accum ulation  of le u co c y te s  in  the  

c a p i l l a r i e s  o f  the  lungs and the l i v e r  (Webb, I 924)* P o ly -  

morphonu01 ea r  n e u t ro p h i le  le u c o c y te s  were shown to  be 

i n  the  r a t  xn- SRS-A fo rm ation  (Orange, V a le n tin e  and Austen, 

1967)* They a re  a ls o  known to  c o n ta in  h is tam in e  and 5“ 

hydroxytryptam ine in  most sp e c ie s  (Humphrey and Jaques , 1954)* 

M ig ra t io n  of th ese  c e l l s  to  the  lungs in  a n a p h y lax is ,  as  to  

s i t e s  o f  acu te  in flam m ation , i s  l i k e l y  to  be fo llow ed  by sub­

sequent p a r t i c i p a t i o n  i n  r e l e a s e  and fo rm ation  o f  m e d ia to rs .  

Dungworth ( 1965) d e sc r ib e d  a r i s e  in  t o t a l  WBC w ith  n e u t ro ­

p h i l i a ,  eo s ln o p en ia  and lymphopenia i n  c a t t l e  w ith in  5 to  5 

h r .  o f  commencing in h a la t io n  of ovalbumin. He a t t r i b u t e d  

th e se  changes to  in c re a se d  a d r e n o c o r t ic o s te r o id  a c t i v i t y  in  

response  to  s t r e s s .  However, he d id  no t s t a t e  the  numbers 

o f  WBG b efo re  ch a llenge  and th e  numbers reco rd ed  im m ediately



3 3 1

a f t e r  ch a llen g e  began were lower (7 ,000  to  8,000/cn.m m .) 

v^than those  of our anim als befo re  cha llenge  (8 ,000  to  19 , 900/  

cu.mm.). I t  seems p o s s ib le  t h a t  Dungworth may have missed 

an e a r ly  f a l l  i n  WBG by h i s  method o f  sam pling.

Maki and Tucker (19^5) found le u co p en ia ,  due to  n e u t ro ­

p en ia ,  and a re d u c t io n  in  h aem otocrit  va lue  in  c a t t l e  fo l lo w in g  

g ra z in g  on p a s tu re  known to  be a s s o c ia te d  w ith  the  in c id en ce  

o f  ac u te  bovine pulmonary emphysema. They d id  n o t reproduce 

the  d ise a se  and the  im p l ic a t io n s  o f  the haem ato lo g ica l changes 

were n o t  c l e a r  bu t suggested  the  p resence of some f a c t o r  in  

the p a s tu re  cau s in g  leu co p en ia  w ith  or w ithou t r e s p i r a t o r y  

d is e a s e .

Haeraoconcentration was a lso  found by Alexander e t  a l .

( 1970) to  occur in  sheep d u r in g  an a p h y lax is .  Haemoconcentration 

accompanying oedema o f  the  lungs or  o th e r  organs can be ex­

p la in e d  on the b a s i s  of lo s s  of  f l u i d  from the  c i r c u l a t i o n  

in to  t i s s u e  spaces and airw ays of the  lu n g s .  The p r o te in
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co n ten t o f  exudate removed from the b ronch i d u ring  ana­

p h y la x is  in  v ivo , e s t im a te d  in  2  ca ses ,  was found to  range 

from 4*0 to  5*0 gm per  100 ml. Pulmonary oedema in d ic a t e s  

in c re a s e d  c a p i l l a r y  p e rm e a b il i ty  due p o s s ib ly  to d i r e c t  

e f f e c t s  o f  su b s tan ces ,  such as h is tam in e , on c a p i l l a r i e s  and 

p o s t  c a p i l l a r y  v en u le s ,  changes in  h y d r o s ta t i c  p re s su re ,  due 

to  pulmonary v a s c u la r  c o n s t r i c t i o n ,  im paired  venous r e tu r n  

and reduced  c a rd ia c  o u tp u t .  The deve lop ing  t i s s u e  hypoxia 

due to  im paired  r e s p i r a t o r y  fu n c t io n  might be expected  to  

ag g rav a te  the  c o n d i t io n .  The la c k  o f  pulmonary l e s io n s  in  

an im als s la u g h te re d  one week to  one month a f t e r  having, on 

numerous occas ions  of ch a lle n g e ,  shown severe  r e s p i r a t o r y  

d i s t r e s s  was of i n t e r e s t  and supported  the  o b se rv a tio n  t h a t  

re p e a te d  ch a llen g e  a t  i n t e r v a l s  of 7 to  14 days d id  no t r e s u l t  

i n  the  r e a c t io n s  in c re a s in g  in  s e v e r i ty .
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MEDIATORS

CRITERIA ARP LIMITATIONS

C o l l i e r  ( I 968) rev iew ing  the humoral f a c t o r s  in  

b ro n c h o c o n s tr ic t io n ,  d is t in g u is h e d  a humoral f a c t o r  from a 

m e d ia to r ,  the  former a c t in g  p o s i t i v e l y  or n e g a t iv e ly  w hile 

the  l a t t e r  i s  assumed to  a c t  only p o s i t i v e l y .  The evidence 

demanded by C o l l i e r ,  to e s t a b l i s h  p a r t i c i p a t i o n  of a humoral 

f a c t o r  in  a n a p h y la c t ic  b ro n c h o c o n s tr ic t io n  (see  S ec t io n  I ,  

pp. 54» 35) might e q u a l ly  be a p p l ie d  to  the  e s tab lish m e n t o f  

p a r t i c i p a t i o n  of a m edia to r in  an a p h y lax is .

The ease w ith  which such evidence may be o b ta in ed  v a r ie s  

g r e a t ly  w ith  the  substance  being  in v e s t ig a te d .  I t  i s ,  f o r  

example, much more l i k e l y  t h a t  changes in  c o n c e n tra t io n s  of  

h is tam in e  in  a body f l u i d  w i l l  be d e te c te d  than  w i l l  be changes 

in  k in in  or SRS-A l e v e l s .  H istamine i s  an amine of known s t r u ­

c tu re  and chemical and pharm acological p r o p e r t i e s ,  f o r  which 

an e f f i c i e n t  method o f  e x t r a c t io n  has been developed (Adam,
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e t  a l ,  1957) whereas k in in s  a re  d i f f i c u l t  to  e s t im a te  

a c c u r a te ly  in  body f l u i d s  (Lewis, I 962) and SRS-A i s  s t i l l  

chem ica lly  un d ef in ed  and may be a group of su b s tan ces  r a t h e r  

than  a s in g le  su b s tan ce . I d e n t i f i c a t i o n ,  by chemical ch a rac ­

t e r i s a t i o n ,  of any p re v io u s ly  unknown substance  was co n s id ered  

to  be o u tw ith  the  scope of t h i s  work. As w ell  as te c h n ic a l  

d i f f i c u l t y  in  h an d lin g  p o s s ib le  m e d ia to rs ,  th e  degree of  

normal v a r i a t i o n  i n  the l e v e l s  of such su b s tan ces  i n  body 

f l u i d s  must be a p p re c ia te d .  This d i f f i c u l t y  was encountered  in  

e v a lu a t in g  a p p a re n t ly  s ig n i f i c a n t  changes i n  h is tam ine  con­

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

The re p ro d u c t io n  of the  an a p h y la c t ic  r e a c t io n  by i n j e c t i o n  

of th e  m edia to r  in  q u e s t io n ,  depends on t h a t  m edia to r be ing  

a v a i la b le  in  pure form in  s u f f i c i e n t  q u a n t i t i e s  f o r  t h i s  

pu rpose . A lso, to  a d m in is te r  such a substance  a t  a dose r a t e  

r e l a t e d  to  b lood l e v e l s  ach ieved  d u rin g  n a t u r a l  r e a c t io n s ,  

th e se  l e v e l s  must be e s ta b l i s h e d .  However, even w ith  t h i s
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knowledge the  c o n c e n tra t io n  of a m edia to r r e l e a s e d  a t  i t s  

s i t e  o f  a c t io n  may ach ieve  much h ig h e r  t i s s u e  co n c en tra t io n s  

l o c a l l y  than  would be in d ic a te d  from the  l e v e l s  in  the  b lood. 

The ro u te  and r a t e  o f  a d m in is t r a t io n  too w i l l  a f f e c t  the 

e f f e c t s  produced. I t  i s  n e v e r th e le s s ,  o f  some value to  

determ ine doses n e c e ssa ry  to  produce c e r t a i n  e f f e c t s ,  and 

to  compare th e se  e f f e c t s  to  those  of an a p h y lax is .

The a b i l i t y  of a n ta g o n is t s  of p o s s ib le  m ed ia to rs  to  

i n h i b i t  the  n a tu r a l  r e a c t io n  i s  dependent on such drugs 

re a c h in g  the  s i t e s  o f  a c t io n  o f  the m ed ia to rs  i n  s u f f i c i e n t  

c o n c e n tra t io n s  to  b lock t h e i r  e f f e c t s .  T h is  w i l l  be more 

d i f f i c u l t  where m ed ia to rs  a re  r e le a s e d  to  a c t  l o c a l l y  i n  

h ig h  c o n c e n tr a t io n s .  This was one of the  rea so n s  put . 

fo rw ard  f o r  th e  much g r e a t e r  e f f e c t  of a n t ih i s ta m in e s  a g a in s t  

added h is tam in e  than  a g a in s t  a n t ig e n  when t e s t e d  on th e  

b ro n c h ia l  chain  o f  an as th m atic  human, i n  v i t r o  (S c h i ld ,  

Hav/kins, Mongar and Herxheimer, 1951) or  i n  s e n s i t i s e d  gu inea-
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p ig s ,  in  v ivo  (Reuse, 1950)* The co n c lu s io n s  which may 

^he drawn from the  e f f e c t s  of such a n ta g o n is t s  on the  

n a t u r a l  r e a c t io n  depend on the  degree o f  s p e c i f i c i t y  of  

t h e i r  a n t a g o n i s t i c  a c t io n .  For t h i s  re a so n , drugs of non­

s p e c i f i c  a c t io n  such as c o r t i c o s t e r o id s ,  a l th o u g h  o f  value 

in  th e rap y  of n a tu r a l  h y p e r s e n s i t iv i ty  r e a c t i o n s ,  were no t 

in c lu d ed  as a n ta g o n is t s  fo r  the purpose o f  t h i s  i n v e s t i g a t io n .

In  the  in v e s t ig a t i o n  o f  the m ed ia tion  o f  anaphy lax is

in  c a t t l e  more p o s i t iv e  in fo rm atio n  was o b ta in e d  i n d i r e c t l y
\

by a d m in is t r a t io n  of  p o s s ib le  m ed ia to rs  and t h e i r  a n ta g o n is t s  

than  d i r e c t l y  by measurement of t i s s u e  and blood le v e l s  o f  

such m e d ia to rs .

As SRS-A was no t a v a i la b le  in  pure form the  su b s tan ces  

ad m in is te red  to  our anim als were h is ta m in e ,  5”hydi.’oxytryptaraine 

and b ra d y k in in .  S p e c i f ic  a n ta g o n is t s  o f  h is tam in e  and 5- 

hydroxytryptam ine were a v a i la b le  bu t drugs a n ta g o n is t i c  bo th  

to  k in in s  and SRS-A d id  no t d i s t in g u i s h  between th e se  su b s ta n c e s .
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EFFECTS OF POSSIBLE MEDIATORS

VIVO

No re fe re n c e  was found concern ing  the  e f f e c t s  of 5" 

hydroxytryptam ine or k in in s  in  c a t t l e .  S ev era l  accounts  

have been g iven o f  the  e f f e c t s  of h is tam ine  i n  t h i s  s p e c ie s .  

Our f in d in g s  were in  accordance w ith  those  o f  D esliens  (1958) 

re g a rd in g  the  changes o cc u rr in g  fo l lo w in g  h is tam in e  admin­

i s t r a t i o n  and the  l e t h a l  dose of h is tam in e  fo r  a n a e s th e t i s e d  

c a t t l e .  H a lf  the  l e t h a l  dose ad m in is te red  to  conscious ca lv es  

produced r e a c t io n s  s im i la r  to  m odera tely  severe  anaphy lax is  

and s im i la r  symptoms were produced by 5-hydroxy tryp tam ine .

In  a n a e s th e t i s e d  ca lv es  both  h is tam in e  and 5-hydroxytryptam ine 

caused apnoea, system ic hypo tension , pulmonary h y p e r te n s io n  

and b ra d y c a rd ia .  In  the  case o f  h is tam in e ,  b ra d y ca rd ia  was 

fo llow ed , w ith in  2 min. by ta c h y c a rd ia ,  which was a t t r i b u t e d  

to  a d re n a l in e  r e l e a s e .  This v/as observed in  the  case of 5- 

hydroxytryptam ine on ly  in  vagotomised an im als . The e f f e c t s
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o f  5 “h y d r o x y t r y p t a m in e  a p p e a r e d  t o  be i n f l u e n c e d  by  

a n a e s t h e s i a  i n  t h a t  a  d o s e ,  p r o d u c in g  o n l y  a  m o d er a te  

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

a n i m a l .  B r a d y k in in  p r o d u c e d  e f f e c t s  s i m i l a r  t o  t h o s e  o f  

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

The am ount o f  b r a d y k i n i n  u s e d  was l i m i t e d  by i t s  c o s t .  F or  

t h i s  r e a s o n  i t  w as a d m i n i s t e r e d  o n l y  t o  a n a e s t h e t i s e d  a n im a ls  

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

w i t h  p r o p r a n o l o l  was c a r r i e d  o u t  t o  b l o c k  t h e  B e f f e c t s  o f  

a d r e n a l i n e .  T h e se  e f f e c t s  i n c l u d e  r e l a x a t i o n  o f  b r o n c h i a l  

m u s c l e ,  w h ic h  t e n d s  t o  r e d u c e  th e  s e v e r i t y  o f  t h e  b r o n c h o -  

c o n s t r i c t o r  e f f e c t  o f  b r a d y k i n i n .  Thus B - a d r e n e r g i c  b lo c k a d e  

i n t e n s i f i e s  t h e  r e s p o n s e  t o  b r a d y k in in  a s  d e m o n s t r a t e d  by  

C o l l i e r ,  Jam es and P i p e r  ( I 965) i n  t h e  g u i n e a - p i g .  P i p e r ,  

C o l l i e r  and Vane ( I 967) show ed t h a t  a d r e n a l i n e  r e l e a s e  i n  

t h e  g u i n e a - p i g  w as  s t i m u l a t e d  by i n j e c t i o n  o f  b r a d y k i n i n ,  

h i s t a m i n e  o r  SRS-A and  a d r e n a l i n e  w as r e l e a s e d  a l s o  d u r in g  

a n a p h y l a x i s .
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Follow ing  a d m in is t r a t io n  o f  5"hydi’oxytryp tam ine, 

pulmonary oedema d id  no t occur. Severe pulmonary oedema 

w ith  accum ula tion  of f l u i d  in  the t r a c h e a  and en d o tra ch ea l 

tube r e s u l t e d  from h is tam in e  a d m in is t r a t io n  and was a 

r e g u la r  f e a tu r e  fo l lo w in g  an ap h y lax is .  B radykin in  admin­

i s t r a t i o n  r e s u l t e d  i n  pulmonary oedema of moderate s e v e r i t y .  

The f a i l u r e  o f  even l e t h a l  doses of ^“hydroxytryptam ine to 

produce the  oedema c h a r a c t e r i s t i c  of a n a p h y la x is ,  allow ed 

the  co n c lu s io n  t h a t  ^"hydroxytryptam ine could  no t a lone be 

th e  m ed ia to r  in v o lv e d , a l though  i t  might p a r t i c i p a t e  ,

A d m in is tra t io n  of Jo â a a  of ::OvOU. ' vA-gy^Kg:v:Wlat:avri\.vie. a.v\4 o*07vngjv 

5 -hydroxytryp tam ine to  a n a e s th e t i s e d  vagotomised anim als r e s u l t e d  

in  d ea th .  This- su g g es ted  t h a t  a t  l e a s t  th e  major p a r t  o f  the 

a c t io n s  of th e se  su b s tan ces  vms d i r e c t  and p rec lu d ed  the  

p o s s i b i l i t y  of 5-hydroxytryptam ine a c t in g  in  ca lv es  as in  c a ts  

by s t im u la t in g  coronary  and pulmonary d e p resso r  chem oreflexes
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(Dawes and Gomroe, 1954)• D e ta i le d  exam ination  o f  a 

p o s s ib le  r e d u c t io n  in  the  s e v e r i ty  of the  changes p ro ­

duced was n o t c a r r i e d  o u t .  However, the r e c e n t  demon­

s t r a t i o n  t h a t  vagotomy reduced  the  r e s p i r a t o r y  e f f e c t s  o f  

h is tam in e  in  spon taneously  b re a th in g  and in  a r t i f i c i a l l y  

v e n t i l a t e d  g u in e a -p ig s  (M ills  and Widdicorabe, 1970) suggested  

t h a t  the  r o l e  o f  the vagus nerves i n  the m a n ife s ta t io n s  of 

a n a p h y lax is  and o f  th e  e f f e c t s  of drugs on the  r e s p i r a t o r y  

system , might be c o n s id e ra b le .  M il ls  and Widdicombe p o s t ­

u l a t e d  the e x is te n c e  o f  a f f e r e n t  end-organs i n  the form of 

" lung  i r r i t a n t  r e c e p t o r s . ” In  r a b b i t s  (Karczewski and 

Widdicombe, 1969a,b) and dogs (de Latona, Mata and Aviado, 1961s 

de Kook, N adel, Zwi, Colebatch  and O lsen, I 966) i t  has been 

shown t h a t  b ro n c h o c o n s tr ic t io n  and r a p id  shallow  b re a th in g ,  

r e s u l t i n g  from i n j e c t i o n  o f  h is tam in e , invo lve  a vagal r e f l e x .  

I n  man, a t ro p in e  and hexaméthonium reduced  the  r e s p i r a t o r y  

and bronchomotor a c t io n s  o f  h is tam in e ,  su g g e s t in g  a nervous
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r e f l e x  mechanism (Bouhuys, Jonsson, L ic h tn e c k e r t ,  L in d e l l ,  

vLundgren, Lundin and R in g q u is t ,  I 960) .  As suggested  by 

M il ls  and Widdicombe ( I 970) th e re  a re  p robab ly  sp e c ie s  

d i f f e r e n c e s  i n  the  r e l a t i v e  im portance o f  r e f l e x  and d i r e c t  

r e a c t io n s  to  h is tam in e  and a l s o  to  ^“hydroxy tryp tam ine , ATP 

and o th e r  su b s tan ces  p o s s ib ly  invo lved  in  a n ap h y lax is ,

Mepyramine and meclofenamate an tag o n ise d  th e  e f f e c t s  of 

i n j e c t e d  h is tam in e  and b rad y k in in  in  our an im als . However, 

bo th  m ethyserg ide and 5OIB67 f a i l e d ,  in  normal and a lso  i n  

vagotom ised an im als , to  p reven t apnoea r e s u l t i n g  from 5“ 

hydroxytryptam ine a d m in is t r a t io n .  This sugges ted  t h a t  the 

r e s p i r a t o r y  e f f e c t s  of ^“hydroxytryptam ine might be i n d i r e c t  

in v o lv in g  r e l e a s e  o f  some o th e r  substance  no t an tag o n ised  by 

m ethyserg ide or by 5OIC67 .

IN VITRO

H istam ine , 5-hydroxytryptam ine and b rad y k in in  were each 

capable of s t im u la t in g  c o n t ra c t io n  of bovine t r a c h e a l i s  muscle,
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b ro n c h io la r  m uscle, pulmonary a r t e r y  and pulmonary v e in  and 

th e se  e f f e c t s  on t r a c h e a l i s  muscle were i n h i b i t e d  by mepyramine, 

m ethyserg ide  and meclofenamate r e s p e c t iv e ly .  O fferm eier  and 

A riens ( I 966) suggested  t h a t ,  in  c a l f  t r a c h e a l i s  muscle, 5“ 

hydroxytryptam ine a c te d  by r e l e a s in g  a c e ty lc h o l in e .  These 

workers used  the  techn ique  of adding co n secu tiv e  doses of 

drug to  the  organ b a th  w ithou t washing ou t th e  ba th  between 

doses . They an tag o n ised  5“hydroxytryptam ine s u c c e s s fu l ly  w ith  

a t ro p in e  but n o t w ith  ly s e r g ic  a c id  d ie thy lam ide  (L .S .D .)  on 

t h i s  t i s s u e .  We found t h a t  doses of a t ro p in e  100 tim es g r e a t e r  

than  those  a n ta g o n is in g  an e q u i - e f f e c t iv e  dose o f  a c e ty lc h o l in e  

were n ec essa ry  to  an tag o n ise  5-hydroxytryptam ine i r r e s p e c t iv e  

o f  w hether the  d u ra t io n  of exposure to  a t ro p in e  was one or 

20 min. M ethysergide r e g u la r ly  i n h ib i t e d  c o n t ra c t io n  of 

pulmonary a r t e r y  induced  by 5-hydroxy tryp tam ine. Antagonism 

of  5-hydroxytryp tam ine on b ro n c h io la r  muscle and o f  b rad y k in in  

on pulmonary a r t e r y  and on b ro n c h io la r  muscle was n o t t e s t e d
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as th e se  t i s s u e s  showed tach y p h y lax is  to  5-hydroxytryptam ine 

and b ra d y k in in .  Only a small number of pulmonary v e in s  were 

t e s t e d  b u t th e se  t i s s u e s  d id  n o t d i f f e r  g r e a t l y  in  s e n s i t i v i t y  

from pulmonary a r t e r i e s .  The v e in s  responded to  sm alle r  doses 

o f  a c e ty lc h o l in e  than  d id  the a r t e r i e s .  In  o rd e r  d e f i n i t e l y  

to  i d e n t i f y  venous t i s s u e  the  pulmonary v e in  was fo llow ed 

from the  l e f t  i û Yh and the v e s s e l  w a ll  cu t t r a n s v e r s e ly

and opened to  form a s t r i p .  Segments o f  what were b e l ie v e d  

to  be sm all a r t e r i a l  b ranches were cu t s p i r a l l y .  These could 

n o t be i d e n t i f i e d  g ro s s ly  w ith  complete c e r t a i n t y  as a r t e r y  

o r  v e in .  Eyre (1970b) found pulmonary v e in  to  be 20 tim es 

more s e n s i t i v e  than  a r t e r y  to  5-hydroxytryptam ine and h is tam ine  

He d id  n o t s t a t e  the  d iam eter of the v e s s e ls  he used  nor d id  

we, d u r in g  the  experim en ta l work, a t t a c h  s ig n i f ic a n c e  to  

t h i s  f a c t o r .  I t  may, however, in f lu e n c e  s e n s i t i v i t y  to  drugs. 

The number of o b se rv a t io n s  which could be c a r r i e d  out on 

b ro n c h io la r  t i s s u e  was l im i te d  by the  n e c e s s i ty  fo r  long  r e s t
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p e r io d s  between doses . I n t e r v a l s  o f  a t  l e a s t  30 min. 

vwere always n e c e s s a ry ,  bu t up to  2 h r .  were o f te n  re q u ire d  

to  a llow  reco v ery  to  be com plete. Responses to  a d re n a l in e  

appeared  to  depend on the degree of c o n t r a c t io n  of the 

muscle

The re d u c t io n  i n  v a s c u la r  p e r fu s io n  r a t e  produced by 

h is ta m in e ,  ^-hydroxytryptam ine and b rad y k in in  in  i s o l a t e d  

lungs  could  r e s u l t  from c o n s t r i c t i o n  of the  pulmonary a r t e r y  

or  v e in  or b o th . I t  could a l s o  be a t t r i b u t e d ,  in  p a r t ,  to  

leakage o f  f l u i d  from c a p i l l a r i e s .  The in c re a s e  in  a i r  

p e r fu s io n  p re s su re  could  be l a r g e ly  a t t r i b u t e d  to  c o n s t r i c t i o n  

of b ro n c h ia l  muscle bu t would a lso  be a f f e c t e d  by leakage of 

f l u i d  in to  the  a irw ays . The main d i f f i c u l t y  encountered  in  

the experim ents c a r r i e d  ou t u s in g  i s o l a t e d  lung  was the  p e r ­

m e a b i l i ty  change a f f e c t i n g  the lung  v a s c u la tu re  and le a d in g ,  

even in  the  absence of drug a d m in is t r a t io n ,  to  th e  lung  

becoming p ro g re s s iv e ly  more oedematous d u ring  the course of 

p e r fu s io n .
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The resp o n ses  of i s o l a t e d  t i s s u e s  showed t h a t  the  

r e s p i r a t o r y  d y sfu n c tio n  and pulmonary h y p e r te n s io n  of 

an ap h y lax is  cou ld  p o s s ib ly  r e s u l t  from d i r e c t  e f f e c t s  of 

h is ta m in e ,  5-hydroxytryptam ine or  b rad y k in in  on t r a c h e o ­

b ro n c h ia l  and pulmonary v a s c u la r  t i s s u e .  The lo g ic a l  

e x te n s io n  o f  t h i s  work was to  examine the e f f e c t  of a n t ig e n  

on such t i s s u e s  removed from s e n s i t i s e d  an im als  and to  

i d e n t i f y  the  m ed ia to rs  r e le a s e d ,  fo llo w in g  com bination 

o f  a n t ig e n  w ith  f ix e d  an tib o d y , by means o f  s p e c i f i c  a n t ­

a g o n i s t s .  This i d e n t i f i c a t i o n  was n o t ach ieved  f o r  two 

re a s o n s .  F i r s t l y ,  a s  mentioned p re v io u s ly ,  pulmonary t i s s u e s  

from a l l  an im als  s e n s i t i s e d  w ithou t F re u n d 's  ad juvan t 

f a i l e d  to  respond  to  a n t ig e n .  Secondly, where a response 

to  a n t ig e n  was produced in  lo n g i tu d in a l  i n t e s t i n a l  muscle 

o r ,  in  anim als s e n s i t i s e d  u s in g  F reund’s ad ju v a n t ,  in  

i n t e s t i n a l  and in  pulmonary t i s s u e s ,  a second dose of 

a n t ig e n  produced e i t h e r  no response or a g r e a t l y  reduced
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re sp o n se .  This made assessm ent of i n h i b i t i o n  by drugs, 

u s in g  th e  same t i s s u e  and t e s t i n g  w ith  a n t ig e n  b efo re  and 

a f t e r  a n ta g o n is t ,  im p o ss ib le .  I f  response  to  a n t ig e n  had 

proved as p r e d ic ta b le  in  i s o l a t e d  t i s s u e s  as  in  the whole 

an im al, some in fo rm a tio n  might have been o b ta in e d  by u s in g  

d i f f e r e n t  p ie c e s  of  a t i s s u e  from the  same animal and t e s t ­

in g  w ith  and w ithou t a n ta g o n is t s .  T h is ,  however, was no t 

th e  ca se .

Eyre ( l9 ?0 b )  found th a t  p o s i t iv e  S ch u ltz -D a le  r e a c t io n s  

were produced more r e a d i l y  in  pulmonary v e in s  than  a r t e r i e s .  

However, we found t h a t  where such r e a c t io n s  were produced 

a l l  pulmonary t i s s u e s  gave p o s i t iv e  r e a c t i o n s .  U n fo r tu n a te ly ,  

in  many anim als only  pulmonary t i s s u e  vras t e s t e d  as  th e  lung  

appeared  to  be most s e n s i t i v e  in  vivo to  th e  e f f e c t s  o f  

a n t ig e n .  In  some anim als i n t e s t i n a l  t i s s u e  showed p o s i t iv e  

r e a c t io n s  when pulmonary t i s s u e s  d id  n o t ,  namely where t i s s u e s  

were o b ta in e d  from an im als s e n s i t i s e d  w ith o u t  F re u n d 's  ad ju v an t
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Eyre ( l970b) d id  n o t g ive d e t a i l s  o f  the  r e l a t i o n s h i p  

between the  method of s e n s i t i s i n g  anim als and the in c id en ce  

o f  p o s i t iv e  S chu ltz -D a le  r e a c t io n s .  However, he a lso  found 

t h a t  th e  use of F re u n d 's  ad juvan t in  s e n s i t i s a t i o n  favoured  

the  p ro d u c tio n  of p o s i t iv e  S chu ltz -D ale  r e a c t io n s  (Eyre,

1970 , p e rso n a l com m unication)•

The f a i l u r e  to  s e n s i t i s e  t i s s u e s  p a s s iv e ly  fo r  the 

purpose o f  i n i t i a t i n g  Sohultz-D ale  resp o n ses  by in c u b a tio n  

w ith  s e ra  from anim als s e n s i t i s e d  u s in g  F re u n d 's  ad juvan t 

was re m in isc e n t  o f  the f in d in g  th a t  human r e a g in io  an tibody  

f a i l e d  to  induce p ass iv e  s e n s i t i s a t i o n  f o r  t h i s  purpose, 

a l th o u g h  S chu ltz -D a le  r e a c t io n s  could  be s t im u la te d  in  

b ro n c h ia l  r in g s  removed from an a l l e r g i c  in d iv id u a l  (S c h i ld ,  

Hawkins, Mongar and Herxheimer, 195l)* Animals s e n s i t i s e d  

w ith  and w ithou t F re u n d 's  ad juvan t may d i f f e r  only  in  the  

q u a n t i ty  o f  t i s s u e  f ix e d  an tibody  a v a i l a b le ,  or the l a t t e r  

may p o sse ss  a n t ib o d ie s  an d /o r  t h e i r  r e a c t io n s  invo lve  m ed ia to rs
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lo c a te d  elsew here than  in  the  t i s s u e s  t e s t e d .  The con­

d i t i o n s  p r e v a i l in g  when a p iece  o f  muscle i s  suspended in  

p h y s io lo g ic a l  s a l in e  may n o t allow  the r e a c t i o n  to  occur.

The p o s s i b i l i t y  t h a t  b lood might be e s s e n t i a l  was con­

s id e re d .  Blood bathed  organs were n o t used  bu t the  e f f e c t  

o f  add ing  au to logous blood or plasma to  the  organ ba th  befo re  

o r  to g e th e r  w ith  a n t ig e n  vms t e s t e d .  Blood, seru.m or plasma 

a lone u n f o r tu n a te ly  caused c o n t ra c t io n  of  i s o l a t e d  smooth 

m uscle. This was a t t r i b u t e d  to  the  p resence of 5-hydroxy­

tryp tam ine  as such resp o n se s  were reduced in  the  presence 

o f  m e thyserg ide .

The e f f e c t s  of a n t ig e n  on v a s c u la r  p e r fu s io n  of se n s­

i t i s e d  lung  were n o t s i g n i f i c a n t .  In  i s o l a t e d  lung p e r fu s io n  

w ith  a n t ig e n  r a th e r  th an  i n j e c t i o n  of a n t ig e n  was c a r r i e d  out 

to  a llow  a lo n g e r  p e r io d  of co n tac t  between t i s s u e  and a n t ig e n .
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EFFECT OF ANTAGONISTS OH ANAPHYLAXIS

^ The va lue  of any r e s u l t s  o b ta in ed  re g a rd in g  p ro ­

t e c t i o n  o f  an im als a g a in s t  a c u te ,  system ic anaphy lax is  

depended on the  r e g u la r  p ro d u c tio n  of r e a c t io n s  of p re ­

d ic ta b le  s e v e r i ty .  In  conscious an im als , u s in g  c r o s s ­

over t e s t s ,  an ap h y lax is  could be produced as many tim es 

as  Y/as d e s i r e d ,  i n  the  p resence and in  the absence of 

p re tre a tm e n t  w ith  an a n ta g o n is t .  I n t e r v a l s  o f  a t  l e a s t  

one week were allow ed between su ccess iv e  c h a l le n g e s .  

Challenge under a n a e s th e s ia  was c a r r i e d  ou t in  each 

animal only once, so t h a t  the  e f f e c t s  produced in  an 

animal a f t e r  a  form of p re tre a tm e n t could  be compared 

only to  th e  e f f e c t s  produced in  a d i f f e r e n t  animal w ith ­

ou t t h a t  p r e t r e a tm e n t . Had r e a c t io n s  no t proved p r e d i c t ­

ab le  such experim ents would n o t have been u n d er tak en . No 

an im al, r e a c t i n g  on ch a llenge  when consc ious , f a i l e d  to  

r e a c t  on ch a llen g e  under a n a e s th e s ia  w ithou t p re tre a tm e n t
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P ro te c t io n  a g a in s t  anaphy lax is  in  conscious anim als 

was observed a f t e r  p re tre a tm e n t  w ith  meclofenam ate.

Although C o l l i e r  and James ( I 967 ) found in  the  gu inea- 

p ig  t h a t  meclofenamate to g e th e r  w ith  mepyramine suppressed  

most o f  the  a n a p h y la c t ic  b ro n c h o o o n s tr io to r  re sp o n se , we 

found t h a t  the  a d d i t io n  of mepyramine improved on the  

e f f e c t  o f  meclofenamate a lone  on ly  in  red u c in g  la c r im a t io n .  

The p r o te c t iv e  e f f e c t  o f  meclofenamate was confirm ed in  

a n a e s th e t i s e d  an im als where the  su p p re ss io n  of r e s p i r a t o r y  

changes was com plete. The f a c t  t h a t  pulmonary a r t e r i a l  

b lood p re ssu re  s t i l l  ro se  a f t e r  meclofenamate p re tre a tm e n t 

su g g es ted  t h a t  t h i s  was a prim ary e f f e c t  independent o f  

r e s p i r a t o r y  changes or  changes in  system ic  b lood p re s s u re .  

P a th o lo g ic a l  changes were ab sen t  from th e  lungs  of such 

p r o te c te d  anim als bu t i t  was of i n t e r e s t  t h a t  one of th e se  

anim als showed co n g es tio n  and haemorrhage in  th e  a l im e n ta ry  

t r a c t .  S l i g h t  inflam m atory changes in  the  a l im e n ta ry  t r a c t
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were observed  fo l lo w in g  a d m in is t r a t io n  of h is tam in e .

We found t h a t  re sp o n ses  to  h is tam ine and 5“h y d ro x y try p t­

amine were no t i n h i b i t e d  by meclofenamate w hile  the  response  

to b ra d y k in in  was p rev en ted . C o l l ie r  and Shorley  in  I 96O 

and 1965 and Berry and C o l l i e r  in  I 964 showed t h a t  in  the 

g u in e a -p ig  th e  e f f e c t  o f  meclofenamate, and o th e r  drugs 

s im i la r  to  a s p i r i n ,  in  a n ta g o n is in g  b ro n c h o c o n s tr ic t io n ,  

was s e l e c t iv e  f o r  k in in s  and SRS-A and t h a t  they  d id  no t 

an tag o n ise  h is tam in e  or 5-hydroxytryp tam ine. Alexander 

e t  a l .  ( 1970) r e p o r te d  meclofenamate to  have some e n t i -  

hifitaraine and an t i-5 -h y d ro x y try p tam in e  a c t i v i t y  in  the 

sheep. The p r o te c t iv e  e f f e c t  o f  meclofenamate suggested  

t h a t  b rad y k in in  o r  SRS-A or bo th  su b s ta n c e s ,  p o s s ib ly  a lso  

in c lu d in g  ATP might be o f  im portance in  the  m ed ia tion  of 

an ap h y lax is  in  c a t t l e .  I t  was of i n t e r e s t  t h a t  these  

f in d in g s  in  c a t t l e  were fo llow ed by r e p o r t s  of s im i la r  

f in d in g s  r e l a t i n g  to  the  m edia to rs  invo lved  in  anaphy lax is
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in  sheep (Alexander e t  a l , ,  I 970)* Ruminants may d i f f e r  

c o n s id e ra b ly  from la b o ra to ry  anim als i n  the r e l a t i v e  r o le s  

of  endogenous subs tances  such as h is tam in e ,  5 "hy d ro x y try p t-  

ainine, k in in s  and SRS-A.

V/hen anim als s e n s i t i s e d  u s in g  F re u n d 's  ad ju v an t were 

ch a llen g ed  w ith  the  same dose of ovalbumin as  used  in  anim als 

s e n s i t i s e d  v /ithout F reu n d ’s ad juvan t no p r o te c t iv e  e f f e c t  o f  

meclofenamate was a p p a re n t .  P re tre a tm en t o f  such anim als 

w ith  e i t h e r  mepyramine (2 .0  mg/Kg) or phenylbutazone (2 .0  

mg/Kg) was a lso  w ith o u t e f f e c t .  However, when the cha llenge  

dose of  ovalbumin was reduced  to 0 .03  mg/Kg the r e a c t io n  

produced v/as su p p ressed  by meclofenamate. This suggested  

t h a t  an im als s e n s i t i s e d  u s in g  F re u n d 's  ad ju v an t d i f f e r e d  

q u a n t i t a t i v e l y  r a t h e r  than  q u a l i t a t i v e l y  from those se n s ­

i t i s e d  w ith o u t ad ju v a n t .  I t  i s  p o s s ib le  t h a t  the  former 

p o ssessed  g r e a te r  amounts of the a n t ib o d ie s  invo lved  and 

t h a t  the  q u a n t i t i e s  o f  m ed ia to rs  r e le a s e d  was g r e a t e r .
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A l t e r n a t i v e l y  t h e  mechanism i n  a n im a l s  s e n s i t i s e d  w i t h  

a d j u v a n t  m ig h t  h ave  i n v o l v e d  a  d i f f e r e n t  t y p e  o f  a n t i b o d y  

an d  d i f f e r e n t  m e d i a t o r s .

Throughout experim ents in v o lv in g  a n ta g o n is t s  haemat- 

o lo g ic a l  changes were measured. These changes were no t 

a b o l is h e d  even in  the  absence of a l l  o th e r  e f f e c t s  of 

a n a p h y la x is .  This proved a u s e fu l  method of checking th a t  

an anim al had been p r o te c te d  from the e f f e c t s  of m ed ia to rs , 

r a t h e r  than  t h a t  an an tibody  a n t ig e n  r e a c t i o n  had no t 

o c c u rre d .  I t  was shown by Mongar and S c h i ld  ( l9 5 ? )  and 

T rethew ie (1951) t h a t  a c e t y l s a l i c y l a t e  d id  n o t  i n h i b i t  

i n t e r a c t i o n  between an tib o d y  and a n t ig e n  or r e l e a s e  of 

humoral f a c t o r s  u n le s s  used  in  very  much h ig h e r  c o n c e n tra t io n s  

in  v i t r o  than  those  o b ta in ed  in  v ivo , which i n h i b i t  the  

response  to  b rad y k in in  and e f f e c t s  o f  an a p h y lax is .

A lth o u g h  m ost  o f  t h e  work o f  C o l l i e r  an d  h i s  c o l l e a g u e s  

c o n c e r n i n g  raec lo fen am ate  h a s  been  i n  r e l a t i o n  t o  b r o n c h o -
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c o n s t r i c t i o n ,  i t  was dem onstrated t h a t  a s p i r i n  and meolo- 

fenamate a l s o  reduced  the  d u ra t io n  bu t n o t the  depth  of 

the  hypo tensive  e f f e c t  o f  i n t r a - a r t e r i a l l y  i n j e c t e d  b rady­

k in in  i n  g u in e a -p ig s  ( C o l l i e r ,  h inneen, P e r k in s ,P ip e r ,  I 9 6 8 ) .  

Meclofenamate resem bles a c e t y l s a l i c y l a t e  in  pharm acological 

p r o p e r t i e s  bu t i s  more p o te n t  (Winder e t  a l . ,  19^5» C o l l i e r ,  

James and S chne ider , 1 9 6 6 ) .  A re d u c t io n  i n  the  hypotensive 

as  w e ll  as  the r e s p i r a t o r y  e f f e c t s  o f  b rad y k in in  and of ana­

p h y la x is  was observed in  our ca lves  when p r e t r e a te d  w ith  

m eclofenam ate.

Two a n a e s t h e t i s e d  a n im a l s  f a i l e d  t o  show a n a p h y l a x i s  

on c h a l l e n g e  a f t e r  r e c e i v i n g  B.W. 90IC67 a l t h o u g h  th e  p r o ­

d u c t i o n  o f  apnoea  by i n j e c t i o n  o f  5 ~ h y d r o x y t r y p ta m in e  v/as n o t  

p r e v e n t e d .  No p r o t e c t i v e  e f f e c t  o f  a n t a g o n i s t s  o f  5”* 

h y d r o x y t r y p t a m i n e  was o b s e r v e d  i n  c o n s c i o u s  a n im a l s  and  th e  

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

on th e  b a s i s  o f  a n ta g o n i s m  o f  5- h y d r o x y t r y p t a m i n e .  B.W.5OIC67
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i s  a  new compound and in v e s t i g a t i o n  of an a n t i - a n a p h y la c t i c  

e f f e c t  might prove u s e f u l .  In  a id in g  d e te c t io n  of m ed ia to rs  

i t  was l e s s  u s e f u l  th an  meclofenamate the  spectrum  o f  a c t i v i t y  

o f which i s  more c l e a r ly  e s ta b l i s h e d .

EFFECTS OP YAGOTOJdY ON ANAPHYLAXIS

Vagotoiiy was found to  reduce the s e v e r i t y  of an a p h y lax is .  

In  two cases  apnoea was i n h ib i t e d  and in  a  t h i r d  i t  was delayed, 

A trop ine  v/as i n e f f e c t i v e  in  red u c in g  changes in  r e s p i r a t i o n  

and blood p r e s s u re s .  Only s e c r e to ry  a c t i v i t y  was reduced .

The r o l e  o f  the vagus nerve in  anaphy lax is  in  o th e r  s p e c ie s  

i s  u n c le a r  and, as o u t l in e d  in  S e c t io n  I ,  p. 31» th e re  a re  

c o n f l i c t i n g  f in d in g s .  M il ls  and Widdicombe (19?0) found 

t h a t  in  g u in e a -p ig s  a n a e s th e t i s e d  w ith  sodium p e n to b a rb ito n e ,  

p a ra ly se d  by in tra v e n o u s  i n j e c t i o n s  of gallaraine t r i e t h i o d i d e  

and a r t i f i c i a l l y  v e n t i l a t e d ,  vagotomy reduced  by 75?̂  the 

d ec rease  in  t o t a l  lung  conductance and by the  d ec rease  

in  lung  compliance due to  a n a p h y lax is .  These p aram ete rs ,
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conductance and com pliance, were o b ta in ed  from measurements 

\ ) f  transpulm onary  p re s su re  and t r a c h e a l  a i r f lo w .  I t  was put 

forw ard by M il ls  and Widdicombe ( I 970) t h a t  d i f f e r e n c e s  in  

the  f in d in g s  of workers on t h i s  s u b je c t  might be r e l a t e d  to  

some s tu d ie s  be in g  c a r r i e d  ou t in  p i th e d  or v e ry  deeply  

a n a e s th e t i s e d  anim als ( C o l l i e r  and James, I 967 ; C o l l i e r ,  

H o lga te , S chach te r  and S horley , I 9 6 0 )  in  which nervously  

m ediated  changes in  b re a th in g  and bronchomotor tone might 

be b locked . In  l i g h t l y  a n a e s th e t i s e d  g u in e a -p ig s  anaphy lax is  

caused r e s p i r a t o r y  changes only i f  the vag i were i n t a c t  (Auer 

and Lewis, I9 IO ;  K o lle r ,  1967a ,  b; I 9 6 8 ) .  K o lle r  (1 9 6 7 a ,  

b; 1968)  showed t h a t  vagal a f f e r e n t  f i b r e s  in  the  gu in ea -  

p ig  were s t im u la te d  du ring  pulmonary an ap h y lax is  by i n f l a t i o n  

o f  the  lu n g s . These may be i d e n t i c a l  to  th e  lung  i r r i t a n t  

r e c e p to r s  o f  r a b b i t s  (Homberger, I 968 ; M i l l s ,  S o l l i c k  and 

Widdicombe, I 9 6 9 )  which a re  s t im u la te d  by chemical and mech­

a n ic a l  i r r i t a n t s  and by t r a c t i o n  on the  b ro n c h ia l  w a l l .  Thus
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vaga l r e f l e x e s  may be invo lved  a l s o  in  the pulmonary 

e f f e c t s  o f  anaphy lax is  in  c a t t l e .  I t  was o f  i n t e r e s t  

t h a t  in  the vagotoraised an im als which f a i l e d  to  show 

apnoea on ch a llen g e  th e re  was a lso  an absence o f  pulmonary 

oedema. I t  i s  th e re fo r e  conce ivab le  th a t  th e ra p y  which 

b locks vagal conduction  might reduce the  r e a c t io n ,  

a l th o u g h  a t ro p in e ,  a t  the  dose used , v/as w ith o u t e f f e c t .

INVESTIGATION OF RELEASE OF POSSIBLE M'CDIATORS

HISTAMINE

T issue  l e v e l s  of h is tam ine  were measured in  an a ttem pt 

to  d e te c t  d i f f e r e n c e s  between l e v e l s  in  c o n t ro l  an im als and 

an im als dying d u ring  a n a p h y la c tic  r e a c t io n s .  The wide i n ­

d iv id u a l  v a r i a t i o n  i n  t i s s u e  h is tam ine  l e v e l s  which was found 

to  occur i n  ca lv es  was in  agreement w ith  the  f in d in g s  of  

F e ld b e rg  (1956) who s t r e s s e d  the  degree o f  in d iv id u a l  as 

w e ll  as sp e c ie s  v a r i a t i o n  and v a r i a t i o n  in  the h is tam ine  

co n ten t o f  d i f f e r e n t  o rgans . This reduced  the  p o s s i b i l i t y
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of d e te c t in g  r e a l  d i f f e r e n c e s  from normal in  shocked 

animals* The f a c t  t h a t  shocked an im als , r a t h e r  than  

showing ev idence o f  r e le a s e  o f  h is tam in e  from t i s s u e s ,  

had h igh  l e v e l s  o f  h is tam in e  might p o s s ib ly  have been 

r e l a t e d  t h e i r  having undergone a n a p h y la c t ic  r e a c t io n s  on 

s e v e ra l  occas io n s  b efo re  d ea th , whereas c o n t ro l  an im als , 

o b ta in e d  from the lo c a l  a b b a to ir  had presumably never 

s u f f e re d  anaphylaxis*  Animals of only 4 days o ld  had 

lower l e v e l s  o f  h is tam in e  than d id  3 month o ld  animals*

This was in  agreement w ith  the  f in d in g s  o f  R i le y  and 

West ( 1953) t h a t  the h is tam in e  c o n te n te n t  o f  the lung  of 

cow, man and c a t ,  l i v e r  of cov/ and s k in  o f  c a t  in c re a se d  

w ith  age* F e ldberg  and Kellaway (1937&) a l s o  found th a t  

the  h is tam in e  c o n te n t  o f  lung  was lower in  k i t t e n s  than  

in  a d u l t  o a t s .  Mast c e l l s  were re c o g n isa b le  by the  

p resence  o f  m etachrom atic g ra n u le s ,  a f t e r  s t a in in g  of 

s e c t io n s  w ith  T o lu id in e  b lue as d esc r ib e d  by Sanford  ( I 962) ,
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in  a l l  t i s s u e s ,  both  i n  c o n t ro ls  and i n  shocked an im als . 

vMast c e l l  co un ting  was no t c a r r i e d  out as i t  has been 

dem onstra ted  t h a t  h is tam ine  may be r e le a s e d  w ithou t d i s ­

appearance of g ra n u le s  be ing  apparen t (West, 1956î I 962) ,

L evels  o f  plasma f r e e  h is tam ine  were ex trem ely  v a r ia b le  

on r e p e a te d  sampling from in d iv id u a l  an im als and conc lusions  

as to  changes i n  plasma h is tam ine  o c c u rr in g  i n  a s s o c ia t io n  

w ith  anaphy lax is  were approached w ith  c a u t io n .  Claims by 

o th e r  w orkers of d e te c t in g  such changes must be a s s e s s e d  in  

r e l a t i o n  to  in d iv id u a l  v a r i a t i o n  and v a r i a t io n s  encountered  

on r e p e a te d  sampling over a p e r io d  o f  time from a s in g le  

an im al. Changes in  blood h is tam ine  l e v e l s  were d e sc r ib e d  • 

by Code and H es te r  (1959) in  a s s o c ia t io n  w ith  a n a p h y la c t ic  

shook and by N ilsso n  ( I 965) and by Maclean ( I 965) i n  a s s ­

o c i a t i o n  w ith  l a m i n i t i s .  In  comparing the  r e s u l t s  of d i f f e r ­

e n t workers the d i f f e r e n c e s  in  t h e i r  methods o f  e x t r a c t io n  

of h is tam in e  must be a p p re c ia te d .  Code and H este r  (1959)
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used  th e  method o f  Barsoum-G-addum w ith  C ode 's m o d if ic a t io n  

(Code, 1957) and found the  le v e l  of h is tam in e  i n  whole 

b lood of 4 ca lv es  to  range from 0.017 to  O.O64 ^ g /m l .

N ilsso n  (1963) c i t e d  views t h a t  Code's method allow ed 

tra n s fo rm a t io n  o f  h i s t i d i n e  in  haemoglobin to  h is tam ine  

and N ilsso n  used  2 d i f f e r e n t  methods, namely th a t  of 

Nune'r and Pernow (1958) and of Schmiterlow (1949)* Both 

methods measured the h is tam in e  co n ten t o f  whole blood.

By the  form er method N ilsson  found le v e l s  o f  0.0858 -  0.012 

^ g /m l in  normal c a t t l e .  The method of e x t r a c t io n  should 

n o t in f lu e n c e  the n a tu re  o f  changes in  h is tam in e  l e v e l s .

Code and H este r  found th a t  b lood h is tam in e  l e v e l s  f e l l  

a f t e r  an a p h y la x is .  N ilsson  and Maclean b o th  d esc r ib ed  

r e d u c t io n s  in  h is tam in e  le v e l s  in  a s s o c ia t io n  w ith  acu te  

l a m in i t i s  bu t bo th  encountered  ex c ep tio n s  in  which h is tam in e  

l e v e l s  were h ig h e r  th an  normal. We found in c re a s e s  in  

h is tam in e  l e v e l s  which were s t a t i s t i c a l l y  s i g n i f i c a n t



3 6 1

fo l lo w in g  an aphy lax is  bu t the v a r i a t io n  re v e a le d  on 

re p e a te d  sampling in d ic a te d  the  n e c e s s i ty  o f  examining 

s e r i a l  r a t h e r  than  p a i re d  blood samples. Exam ination of 

s e r i a l  b lood samples b efo re  and a f t e r  exposure o f  an 

animal to  a procedure or experience  su sp ec ted  o f  a f f e c t i n g  

blood h is tam in e  l e v e l s  would appear, from our f in d in g s  

and those  of o th e r  w orkers, to  be e s s e n t i a l .

In c u b a t io n  o f  t i s s u e ,  p a r t i c u l a r l y  lu n g , from s e n s ­

i t i s e d  g u in e a -p ig s  w ith  a n t ig e n  was used  by many workers to  

dem onstra te  a n a p h y la c t ic  r e le a s e  of h is tam in e  in  v i t r o  

(Boreus and C hakravarty , I 96O). This was shown to  be 

e s s e n t i a l l y  an a e ro b ic  r e a c t i o n ,  i n h i b i t e d  by exposing the 

t i s s u e s  to  an atmosphere of n i t r o g e n  (Edman, Mongar and 

S c h i ld ,  1964) '  In  th e  experim ents d e s c r ib e d  in  S ec tio n  

I I .  6 oxygen was no t su p p lie d  to  the t i s s u e s  b u t they  were 

shaken co n tin u o u s ly  during  in c u b a t io n .  An experim ent c a r r i e d  

ou t to  a s s e s s  the  e f f e c t  of oxygenation  showed t h a t  t h i s  d id
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not a l t e r  the r e s u l t s  o f  in c u b a t io n  in  any way. Although 

in c u b a t io n  w ith  h is tam ine  r e l e a s e r s ,  such as compound 48/80, 

r e s u l t e d  in  h is tam in e  r e l e a s e ,  as d e sc r ib e d  by Mongar and 

S c h i ld  ( 1953) u s in g  g u in e a -p ig  lung , no r e l e a s e  r e s u l t e d  

from exposure of lung , p le u ra  o r  l i v e r  capsu le  to  a n t ig e n .

As p le u ra  appeared  in  p re l im in a ry  experim ents to  r e le a s e  

h ig h e r  p e rce n tag e s  of  h is tam in e  than d id  lung  or l i v e r  ca p su le ,  

most subsequent experim ents were c a r r i e d  ou t u s in g  t h i s  

t i s s u e .  Evidence was o b ta in ed  of r e le a s e  by a n t ig e n  of 

h is tam in e  from sk in  o b ta in ed  from the muzzle of anim als 

which had shown p r u r i t i s  when ch a llenged  in  v iv o . The i r r ­

e g u l a r i t y  of  occurrence  of t h i s  symptom p rev en ted  i n v e s t ­

ig a t io n  of i t s  i n h i b i t i o n  by a n t ih is ta m in e s .  I t  i s  p o s s ib le  

th a t  h is tam in e  i s  r e s p o n s ib le ,  a t  l e a s t  in  some ca ses ,  f o r  

the  symptoms of sk in  i r r i t a t i o n ,  congestion  of  the  muzzle, 

mucosae and co n ju n c tiv ae  o c c u rr in g  d u r in g  an a p h y lax is .  The 

p o s s i b i l i t y  of h is tam ine  r e le a s e  from t i s s u e s  o th e r  than  

those  in v e s t ig a te d  has n o t been excluded. As the  lung i s
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the  organ p r i n c i p a l l y  a f f e c te d  in  a n a p h y lax is ,  r e le a s e  

from pulmonary t i s s u e  seemed most l i k e l y .  L iv e r  capsule 

was a lso  in v e s t ig a te d  hecause of i t s  very h ig h  co n ten t of 

h is ta m in e .  Kidney, sp le en  a l im en ta ry  t r a c t  and w hite  blood 

c e l l s  a re  o th e r  p o s s ib le  s i t e s  of h is tam in e  r e l e a s e .  I n ­

c u b a tio n  o f  WBC w ith  a n t ig e n  to in v e s t ig a te  r e l e a s e  of  

h is ta m in e ,  5-hydroxytryptam ine or SRS might prove very  

i n t e r e s t i n g .  Suspension of Y/BG and p l a t e l e t s  in  a  medium 

in  which they  were m ain ta ined  i n t a c t  and v ia b le  would be 

e s s e n t i a l .  P re l im in a ry  a t tem p ts  to  c a r ry  ou t such ex­

perim en ts  were f r u s t r a t e d  by f a i l u r e  to  p rev en t  spontaneous 

d i s r u p t io n  of WBC and p l a t e l e t s .  These were suspended in  

the  medium p rep ared  as d e sc r ib e d  by Humphrey and Jaques 

( 1955) who in c u b a ted  WBC of r a b b i t s  w ith  a n t ig e n  and demon­

s t r a t e d  r e l e a s e  o f  h is tam in e  and 5 -hydroxytryp tam ine.
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5-HYDROXYTRYPTAMINE

The r o l e  o f  5-hydroxytryptam ine in  an ap h y lax is  in  

c a t t l e  has no t been c l a r i f i e d .  A f te r  in c u b a t io n  o f  samples 

of lung  f o r  60 mill, w ith  Tyrode s o lu t io n  o r  w ith  ovalbumin 

th e re  was found to  be no d e te c ta b le  5-hydroxytryp tam ine in  

the su p e rn a ta n t  f l u i d  and 5-hydroxytryptam ine (lO ^ g /m l)  

was found to  be p ro g re s s iv e ly  reduced in  q u a n t i ty  when 

assayed  s p e c t r o f l u r i m e t r i c a l l y  a f t e r  in c u b a t io n  w ith  lung  

f o r  p e r io d s  o f  time ran g in g  from 5 to  60 rain. The f in d in g  

t h a t  i t  was removed by lung from in c u b a t io n  f l u i d  (t-^ = 

approx. 10 m in .) p rev en ted  in v e s t ig a t i o n  o f  r e l e a s e  of  

5-hydroxytryptam ine by a n t ig e n  in  v i t r o .  A s im i la r  e f f e c t  

has been dem onstra ted  by in c u b a t io n  of 5-hydroxytryp tam ine 

w ith  r a t  lung  (A la b a s te r  and Bakhle, 1970).

LHNG PERFUSION

The method of lung  p e r fu s io n  w ith  a s o lu t io n  of a n t ig e n  

was b a s i c a l l y  t h a t  used  by B ro ck leh u rs t  ( i 960) to  d e te c t
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SRS-A. F i n d i n g s  w ere i n c o n s i s t e n t  b u t  t h e r e  was some e v i ­

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

some o t h e r  s u b s t a n c e  i n  s e n s i t i s e d  lu n g  on e x p o s u r e  t o  o v a l ­

bum in . H is t a m in e  w as p r e s e n t  i n  s a m p le s  o b t a i n e d  d u r in g  

e x p o s u r e  t o  T yrod e  s o l u t i o n  a l o n e  and a l s o  i n  s a m p le s  o b t a i n e d  

from  l u n g s  o f  u n s e n s i t i s e d  a n i m a l s .  S a m p les  w h ic h  c a u s e d  

r e l a x a t i o n  o f  r a t  duodenum w ere  b e l i e v e d  t o  c o n t a i n  b r a d y ­

k i n i n  b u t  s a m p le s  w h ic h  c o n t r a c t e d  r a t  duodenum i n  th e  p r e s e n c e  

o f  a t r o p i n e  w ere  a l s o  e n c o u n t e r e d .  T h e se  w ere  fo u n d ,  when  

a s s a y e d  on g u i n e a - p i g  i l e u m ,  t o  c o n t a i n  1 0 0  t i m e s  l e s s  h i s t a m i n e  

th a n  w as n e c e s s a r y  t o  s t i m u l a t e  duodenum t o  c o n t r a c t .  M arq uis

(1 9 66 )  o b t a i n e d  no r e s p o n s e  o f  r a t  duodenum t o  SRS-A s o  a n o t h e r  

unknown s u b s t a n c e  o r  s u b s t a n c e s  may be p r e s e n t .  I n  o r d e r  t o  

c l a r i f y  th e  r e s u l t s  o b t a i n e d ,  e x t r a c t i o n  and p u r i f i c a t i o n  o f  

k i n i n s  and  SRS-A from  s a m p le s  o f  p e r f u s a t e  s h o u l d  be c a r r i e d  

o u t  and a s s a y s  p e r fo r m e d  a s  so o n  a s  p o s s i b l e  a f t e r  p e r ­

f u s i o n .  S t o r i n g  s a m p le s  f o r  7 d a y s  i n c r e a s e d  a c t i v i t y  a t t ­

r i b u t a b l e  t o  b r a d y k i n i n .  A lth o u g h  c o l l e c t i o n  o f  sa m p le s
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was delayed  a t  the  beg inn ing  of each experim ent u n t i l  

b lood was ab sen t from the  p e r fu s a te  t r a c e s  of b lood f r e ­

q u en tly  appeared  l a t e r  in  the course of  the  experim ent. 

Samples were c e n t r i fu g e d  to  remove blood c e l l s  on c o l l e c t io n  

but a c t i v i t y  a t t r i b u t a b l e  to  b radyk in in  was o f te n  found to  

be c o n s id e ra b le  in  samples which had c o n ta in e d  blood.

I d e a l ly  the  i n t a c t  lungs of a s e n s i t i s e d  c a l f  might be 

p e rfu sed  r a t h e r  than  i s o l a t e d  lo b e s .  This would r e q u i r e  

very  la rg e  volumes o f  f l u i d  as  each a p ic a l  and c a rd ia c  lobe 

weighed approx im ate ly  200 to  300 gm. The e n t i r e  lungs would 

weigh approx im ate ly  2 Kg and would r e q u i r e  2 L per min. o f  

Tyrode s o lu t io n  f o r  p e r fu s io n  a t  the  r a t e  o f  1 ml/gm/min. 

used  by B ro ck leh u rs t  ( I 960 ) .  B ro ck leh u rs t  and Marquis 

d e te c te d  SRS-A on p e r fu s io n  o f  lungs from our s e n s i t i s e d  

anim als (B ro c k le h u rs t ,  I 967 , p e rso n a l com munication).
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CUTANEOUS REACTIONS

PASSIVE

In  e l i c i t i n g  p a ss iv e  cutaneous r e a c t i o n s ,  s e ra  from 

anim als s e n s i t i s e d  u s in g  F re u n d 's  ad juvan t was e f f e c t i v e .

S era  from anim als s e n s i t i s e d  w ith o u t ad ju v an t was i n e f f e c t i v e .  

W ells and Eyre ( I 970) found th a t  s e n s i t i s a t i o n  of ca lv es  u s in g  

horse serum and F re u n d 's  ad juvan t was the most e f f e c t i v e  method 

f o r  the  p ro d u c tio n  o f  s e ra  capable of t r a n s f e r r i n g  s e n s i t i v i t y  

to th e  sk in  of o th e r  c a lv e s .  H eating  a t  ^ 6 ^ 0  f o r  4 h r .  • 

removed the  sk in  s e n s i t i s i n g  a c t i v i t y  of th e  s e ra  o f  our 

an im als . This suggested  th a t  th e rm o lab ile  a n t ib o d ie s ,  

p robably  r e a g in s ,  were r e s p o n s ib le .  Our f in d in g s  concern ing  

PGA were in  agreement w ith  those  of Dungworth ( I 965) .  P o s i t iv e  

r e a c t io n s  were e l i c i t e d  w hether i n t e r v a l s  of 4 h r .  o r  48 h r .  

between in j e c t i o n s  of s e ra  and a n t ig e n  were employed. In  2 

cases  r e a c t io n s  were o b ta in ed  a f t e r  48 h r .  bu t n o t a f t e r  4 h r .  

I t  i s  d o u b tfu l  t h a t  a m eaningful comparison can be made to  the
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f in d in g s  of S te o h sc h u lte  e t  a l .  in  19&7 in  r a t s .  However, 

th e se  workers d i s t in g u is h e d  2 d i f f e r e n t  a n t ib o d ie s  on the  

b a s i s  o f  op tim al i n t e r v a l s  f o r  in d u c t io n  o f  PGA, That f o r  

which 24 to  72 h r .  was optim al was a h e a t  l a b i l e ,  homocy­

t o t r o p i c  an tibody  r e s p o n s ib le  f o r  r e l e a s e  o f  h is tam in e  and 

5-hydroxytryp tam ine from mast c e l l s .

I n v e s t i g a t i o n  of th e  m ed ia tions  of PGA i n  the  ca lv es  

was no t u n d er tak en  b u t in trav e n o u s  i n j e c t i o n  of  meclofenamate 

5 min. befo re  the  a n t ig e n  d id  no t i n h i b i t  the  development of 

the  r e a c t i o n s .  Eyre ( I 97O&) found PGA r e a c t io n s  i n  sheep 

to  in v o lv e  5 -hydroxy tryp tam ine , k in in s  an d /o r  SRS-A to  a 

g r e a t e r  e x te n t  th a n  h is ta m in e .  These r e a c t io n s  in  sheep were 

an tag o n ise d  by m ethyserg ide and by meclofenamate w hile  mepy- 

ramine had l i t t l e  e f f e c t .

The f a i l u r e  o f  serum  from  a n im a ls  s e n s i t i s e d  w i t h o u t  

a d j u v a n t  t o  in d u c e  PGA may be e x p l a i n e d  on  th e  same b a s i s  a s  

t h e  o t h e r  d i f f e r e n c e s  b e tw e e n  a n im a ls  s e n s i t i s e d  w i t h  and
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w ithou t a d ju v a n t .  I t  may simply he q u a n t i t a t i v e ,  i n  

t h a t  on ly  anim als s e n s i t i s e d  w ith  ad juvan t have s u f f i c i e n t  

h e a t  l a b i l e  a n t ib o d ie s  i n  t h e i r  s e ra  to  induce s e n s i t i s a t i o n  

o r ,  a l t e r n a t i v e l y ,  the  a n t ib o d ie s  may be q u a l i t a t i v e l y  

d i f f e r e n t .  The d e s t ru c t io n  of sk in  s e n s i t i s i n g  a b i l i t y  

by h e a t in g  e l im in a te d  the  p o s s i b i l i t y  t h a t  h e a t  s ta b le  

p r e c i p i t a t i n g  a n t ib o d ie s  were r e s p o n s ib le .  These were 

dem onstra ted  in  the  s e r a  of  anim als s e n s i t i s e d  u s in g  

a d ju v an t bu t n o t in  those  s e n s i t i s e d  w ith o u t  ad ju v an t 

(D av ies , I 968 , p e rso n a l  communication). Our f in d in g s  in  

ca lv es  were confirm ed u s in g  the same s e ra  i n  g oa ts  (B eadle, 

1970 , p e rso n a l  communication).

ACTIVE

A ctive cutaneous r e a c t io n s  in  an im als s e n s i t i s e d  w ithou t 

ad ju v an t were s p e c i f i c  f o r  the  a n t ig e n s  to  which the anim als 

had been s e n s i t i s e d .  N o n -sp ec if ic  r e a c t io n s  were encountered  

to  u n d i lu te d  horse  serum bu t th e se  may be a t t r i b u t e d  to  the



3 7 0

amount of  5-hydroxytryptam ine i n  suoh serum. J u s t  as 

vanim als s e n s i t i s e d  u s in g  F reund’s ad ju v an t r e a c te d  non- 

B p e c i f io a l ly  to  in trav e n o u s  i n j e c t i o n s  of ho rse  albumin and 

horse  serum, they  a l s o  showed n o n - s p e c i f i c  sk in  r e a c t io n s .  

Thus, depending on th e  method of s e n s i t i s a t i o n  sk in  t e s t i n g  

can be a u s e fu l  and s p e c i f i c  method of t e s t i n g  f o r  sens­

i t i v i t y  to  c e r t a i n  a n t ig e n s .

The la rg e  dose of  mepyramine n e c e ssa ry  to  i n h i b i t  

sk in  r e a c t io n s  and the f in d in g  t h a t  meclofenamate a lso  

appeared  to  have some i n h i b i t a r y  e f f e c t  on immediate c u t ­

aneous r e a c t io n s  suggested  t h a t  m ed ia tion  d id  no t depend 

e n t i r e l y  on h is tam in e  r e l e a s e .
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Sim m K Y AND CONCLUSIONS

1# Anaphylaxis may be r e g u la r ly  reproduced  in  c a t t l e  

by in tra v e n o u s  i n j e c t i o n  of fo re ig n  p r o te in  7 days 

o r more a f t e r  s e n s i t i s a t i o n  by in tra v e n o u s  i n j e c t i o n  

o f  the  same p r o te in .

2. The o u ts ta n d in g  f e a tu r e  o f  an ap h y lax is  i n  c a t t l e  i s  

r e s p i r a t o r y  d y sfu n c tio n  a s s o c ia te d  w ith  severe  p u l ­

monary oedema, system ic hypo tension , pulmonary hyper­

te n s io n  and leuoopen ia .

5. The s e v e r i t y  of the  a n a p h y la c t ic  response  i s  d i r e c t l y  

r e l a t e d  to  the  cha llenge  dose o f  a n t ig e n .

4. H y p e r s e n s i t iv i ty  may be d e te c te d  by in tra c u ta n e o u s

i n j e c t i o n  of a n t ig e n  r e s u l t i n g  in  lo c a l i s e d  sw e l l in g .

5$ The s e v e r i ty  of the  symptoms of an ap h y lax is  may be 

reduced  by p re tre a tm e n t  w ith  a s e l e c t i v e  a n ta g o n is t  

o f  b rad y k in in  and SRS-A but no t by p re tre a tm e n t
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w ith  a n t ih i s ta m in e s ,  5-hydroxytryptam ine a n ta g ­

o n i s t s  o r  p a rasy m p ath o ly tic  a g e n ts .

6. Plasma f r e e  h is tam in e  l e v e l s  were r a i s e d  a f t e r  

an ap h y lax is  hu t no s i g n i f i c a n t  amount of h is tam ine  

was found to  he r e le a s e d  from t i s s u e s ,  w ith  the  

ex cep tio n  of sk in .  In  v i t r o ,  p e r fu s io n  of se n s ­

i t i s e d  lungs w ith  a n t ig e n  r e s u l t e d  in  i r r e g u l a r  

r e l e a s e  of h is tam ine  and an o th e r  spasmogenic su b s tan ce .

7. S e n s i t i s a t i o n  by in trav e n o u s  i n j e c t i o n  o f  a n t ig e n  

may be r e p la c e d  by 8 weekly in tra m u sc u la r  i n j e c t i o n s  

of a n t ig e n  in  F re u n d 's  a d ju v a n t .  Animals s e n s i t i s e d  

by the  l a t t e r  method show s im i la r  p h y s io lo g ic a l ,  

p a th o lo g ic a l  and haem ato log ica l changes d u ring  ana­

p h y la x is  bu t d i f f e r  from those s e n s i t i s e d  in tra v e n o u s ly  

in  s e v e ra l  r e s p e c t s :

a )  They r e q u i r e  50 tim es sm a lle r  ch a llenge  doses

o f  a n t ig e n  to  produce minimal or l e t h a l  e f f e c t s .
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b) They r e a c t  n o n - s p e o i f i c a l ly  both  sy s te m ic a l ly  

and ou taneously ,

c) They show delayed  cutaneous h y p e r s e n s i t i v i t y  

r e a c t i o n s .

d) T he ir  s e ra  p a s s iv e ly  s e n s i t i s e  th e  sk in  of  o th e r  

ca lv es  fo r  cutaneous an a p h y lax is .

e ) Smooth muscle from the  lungs o f  such anim als con­

t r a c t s  in  v i t r o  in  response  to  a n t ig e n .

In  c o n c lu s io n , a method has been d e s c r ib e d  by which 

an ap h y lax is  may be produced in  c a t t l e  f o r  experim en ta l i n ­

v e s t i g a t i o n .  This method does no t invo lve  the  use of an 

ad ju v an t and the  r e a c t io n s  produced in  t h i s  way show more 

ev idence of be ing  m ediated by b rad y k in in  an d /o r  SRS-A than  

by h is tam in e  o r  5 -hydroxy tryp tam ine. The lu n g , i s  the  

organ p r im a r i ly  a f f e c t e d  fo l lo w in g  in tra v e n o u s  cha llenge  

and d ea th  r e s u l t s  from asphyx ia . Exam ination o f  the  e f f e c t s
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of h is ta m in e ,  5-hydroxytryptam ine and b rad y k in in  on i n t a c t  

c a t t l e  and on i s o l a t e d  bovine lung , i s o l a t e d  b ro n c h io le s ,  

t r a c h e a l i s  m uscle, pulmonary a r t e r y  and v e in  re v e a le d  t h a t  

none could  be e l im in a te d  o n  the  grounds o f  hav ing  e f f e c t s  

incom patib le  w ith  those  seen d u rin g  an a p h y lax is .  The f a i l u r e  

of a n ta g o n is t s  o f  5-hydroxytryptam ine to  p rev en t apnoea prod­

uced by t h i s  agent and the d i f f i c u l t y  of c a r ry in g  out in  

v i t r o  in c u b a t io n  experim ents f o r  5-hydroxytryptam ine e s t im ­

a t io n  due to  i t s  r a p id  removal by lung  t i s s u e ,  reduced the 

grounds f o r  e l im in a t io n  o f  5 -hydroxy tryp tam ine . However, the 

minimal amount of pulmonary oedema produced by t h i s  substance  

suggested  t h a t  i t  a lone was u n l ik e ly  to  be in v o lv ed .

The rea so n s  fo r  the  d i f f e re n c e s  between f in d in g s  in  

anim als s e n s i t i s e d  w ith  and w ithou t ad ju v an t a re  im p o r ta n t.

I f  the  reaso n  i s  sim ply a  q u a n t i t a t iv e  d i f f e r e n c e  in  the a n t i ­

body in v o lv ed , r e s u l t i n g  in  r e le a s e  or fo rm ation  o f  m edia to rs  

in  such q u a n t i t i e s  t h a t  a l l  a n ta g o n is t s  f a i l  to  be e f f e c t i v e ,
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t h i s  cou ld  be d e s i r a b le  i n  a l lo w in g  in  v i t r o  r e a c t io n s  to  

be examined. This e x p la n a t io n  was su p p o rted  by the f in d in g  

t h a t  r e d u c t io n  o f  th e  ch a llen g e  dose in  o rd e r  to  produce a 

m ild  r e a c t io n ,  a llow ed  a  p r o te c t iv e  e f f e c t  o f  meclofenamate 

to  become a p p a re n t .  Only anim als s e n s i t i s e d  w ith  F reu n d ’s 

a d ju v an t  were found to  have h igh  c i r c u l a t i n g  l e v e l s  o f  

p r e c i p i t i n s .

That the r e a c t i o n  fo llo w in g  s e n s i t i s a t i o n  w ith  F reu n d ’s 

ad ju v an t  in v o lv e s  d i f f e r e n t  a n t ib o d ie s  and d i f f e r e n t  m ed ia to rs  

i s  a p o s s i b i l i t y .  This would have an im p o r ta n t  b e a r in g  on 

the a p p l i c a t io n  o f  r e s u l t s ,  o b ta in ed  in  e x p e r im e n ta l ly  induced 

r e a c t i o n s ,  to  n a t u r a l  d is e a s e s  o r  r e a c t io n s  to  drugs and v acc in es

R e s p i r a to ry  d i s t r e s s  w ith  pulmonary oedema may r e s u l t  

from a v a r i e ty  of i n i t i a t i n g  mechanisms. C le a r ly ,  an ap h y lax is  

i s  a r e a c t i o n  capable  of  p roducing  such a syndrome. From our 

f in d in g s  fog  fe v e r  may, in  some s i t u a t i o n s  a t  l e a s t ,  r e s u l t
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from an a p h y lax is ,  Other syndromes, namely r e a c t io n s  to  

v a c c in e s ,  drugs and p a r a s i t e s  may a r i s e  in  a s im i la r  way. 

Such may p o s s ib ly  be i d e n t i f i e d  by d i r e c t  sk in  t e s t i n g .  

P ro d u c tio n  of PCA and resp o n ses  of t i s s u e s  to  a n t ig e n  in  

v i t r o  may be a b s e n t .  A n tih is tam in es  and a n t i-5 -h y d ro x y ­

tryp tam ine  agen ts  a re  l e s s  l i k e l y  to  be e f f e c t i v e  than  are  

a n ta g o n is t s  o f  b rad y k in in  and SRS-A. O ther as y e t  un­

i d e n t i f i e d  m ed ia to rs  may a l s o  p lay  a p a r t  i n  anaphy lax is  

in  c a t t l e .
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APPENDIX I

HISTAMINE CONTENT OF TISSUES 

( R e s u l t s  su m m arised  i n  T aN le  6 ,  l )

No. H istam ine yug/gia
L iv e r
capsu le P le u ra iSiM Ileum Abomasui

) C on tro l ca lv es _aged ^  to 6 months

1 5.45 56.60 54.56 20.97 N.M.

2 24.49 78.41 44.50 20.60 N.M.

5 114.80 70.60 55.58 9.61 N.M.

4 78.55 56.19 25.99 N.M. N.M.

5 196.40 40.44 15.99 15.45 N.M.

6 N.M. N.M. 27.26 N.M. 7.81

7 159.47 21.57 41.89 8.26 13.95

8 152.85 45.75 9.20 81.78 15.51

9 184.52 48.65 25.54 16.58 19.56

10 161.55 27.77 16.20 15.90 10.65

11 151.55 58.51 25.82 10.44 N.M.



z

Ko.

L iv er P le u r a Ileum Abomasum

12 1.14 40.00 52.85 21.22 41.68

Mean 105.9 47.49 27.59 22.1 18.59

S.K. 69.6 17.55 10.86 21.5 12.2

b) C on tro l c a lv e s a g e d  4 days

1 51.24 18.92 K.M. 3.81 K.M.

2 9 . IT K.M. 5.17 2.55 K.M.

5 2.98 5.17 5.21 5.08 N.M.

Mean 51.15 12.04 5.19 5.74

o) Shocked c a lv e s

1 956.25 121.55 45.0 82.41 K.M.

2 45.65 25.84 4.04 11.86 12.27

5 K.M. K.M. 9.59 11.26 14.55

Mean 500.95 72.69 18.87 55.17 15.4



3

Ho. H istam ine jtxg/

N asal
L iver Colon Skin Sub-Gut Omentum Muoosc

a) C on tro l ca lv es  a^ed ■5 to  6 months

1 16.56 10.07 4.75 1.56 0 .94 H.M.

2 8.57 11.10 10.30 2.10 2.41 H.M.

5 7.59 7.10 6.04 4.50 1.42 H.M.

4 9.86 11.54 5.88 N.M. 5.46 N.M.

5 . 4.66 9.90 4.61 1.69 1.47 N.M.

6 5.51 H.M. 4.79 H.M. N.M. 6.52

7 9.51 6.42 7.51 8.59 1.56 N.M.

8 5.19 15.55 9.94 10.57 5.14 N.M.

9 15.19 22.24 9.15 10.97 1.29 N.M.

10 6.89 8.71 18.96 6.45 5.46 N.M.

11 25.15 12.87 17.54 11.78 11.19 N.M.

12 26.87 10.64 5.57 7.76 1.94 N.M.

Mean 11.26 11.24 8.55 6.56 2.95

S .3). 7.59 4.22 6.25 4 .0 2 .9
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N o. H i s t a m i n e  jig/gm

Nasal
L iv er  Colon Skin Sub-cu t Omentum Mucosa

b) C on tro l ca lv es  a^ed 4 days

1 4.12 5.79 4.00 1.19 0 .74 N.M.

2 0.26 3.06 1.82 1.03 1.64 N.M.

5 3.20 4.01 4,73 2.09 2.03 N.M.

Mean 2.52 3.60 3.52 1.44 1.47 N.M.

o) Shocked ca lv es -

80.49 41.50 52.31 39.13 29*54 N.M.

2 2.85 11.89 5.59 8.15 8.53 4.04

5 13.82 N.M. N.M. N.M. N.M. N.M.

Mean 52.38 26.69 28.95 25.64 19.03

Note I Sub-cu t a Subcutaneous t i s s u e

N.M. = Not Measured
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APPENDIX I I

TISSUÜ INCUBATION

(R e s u l ts  summarised in  F ig . 6 . 2 ) 

1. SKIN ( e a r )  ( s e n s i t i s e d )

Histam ine

In c u b a t io n No. T issue S u perna tan t

yp t o t a l f i s /m fc  t o t a l

Tyrode 1 2.48 78.98 0.66 21.02

2 4.40 77.75 1.26 22.25

5 9.02 75.15 5*51 26.85

Mean 5.50 76.62 1.74 25.57

Ovalbumin 1 2.60 82.02 0 .57 17.98
(O .l  mg/ral)

2 4 .0 89.48 0.47 10,52

5 0.81 59* 66 1 .24 60.54

Mean 2.47 70.58 0.76 29.61

Ovalbumin 1 4.79 75.08 1.59 24.92
(1 .0  mg/ml)

2 2.85 85.55 0.57 16.67
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I n c u b a t i o n N o.

H i s t a m i n e

T i s s u e  S u p e r n a t a n t

/̂o t o t a l ^  t o t a l

5 5.60 81.67 0 .80 18.55

Mean 5.74 80.02 0.99 19.97

Compound
48/80

1 4.98 49.54 5.07 50.45

( l .O  mg/ml)

Octylamine 1 1.56 15.44 7.45 84.56
( 1 .0  mg/ml)

-

2. SKIN (ïvîUZZLK) ( s e n s it is e d )

Tyro de 1 5.80 89.85 0.45 10.17

2 1.59 78.29 0 .44 21.71

Mean 2.69 84.06 0.45 15.94

Ovalbumin 1 5.05 45.14 4.02 56.86

(o.l mg/ml)
2 4.06 78.68 1.11 21.52

3 0.91 68.44 4.11 51.56

4 0.77 64.08 0.43 55.91

Mean 2.19 65.58 2.42 56.41

S .E . - 0 .80 7.47 0.96 7.47
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I n c u b a t i o n N o.

H i s t a m i n e

T i s s u e  S u p e r n a t a n t

V-. /âisZaa 'jo  t o t a l t o t a l

Ovalbumin 1 1.18 22.06 4.17 77.94
( l .O  mg/ml)

2 0.82 24.48 2.55 75.52

5 1.95 52.19 1 .78 47.80

4 3.05 78.95 0.81 21.05

Mean 1.75 44.42 . 2.32 55.57

S .E . i 0 .49 15.58 ' 1.42 15.38

Compound
48/80

1 2.411 33.97 4.68 66.02

(1 .0  mg/ml)

Octylamine 1 0 .85 7.71 9.93 92.29
( l .O  mg/ml)

5. NASAL mCOSA ( s e n s it is e d )

Tyrode 1 16.1 85.9 0.25 1.41

Ovalbumin 1 7.63 98.41 1.45 1.59
(1 .0  mg/ml)

2 8.99 95.26 0.65 6.74

Mean 8.51 95.85 1.05 4.16
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I n c u b a t i o n N o.

Hi s t a m i n e

T i s s u e  S u p e r n a t a n t

/ i s Z s s ia  t o t a l / I S / jSS “lo  t o t a l

Compound
48/80

1 5.73 45.66 6.82 54.34

( 1 .0  mg/ml) 2 12.55 73.10 4.62 26.90

Mean 9.14 59.38 5.72 40.62

4. LUNG (SENSIT is e d )

Tyrode 1 44.74 99.46 0.23 0.52

2 53.44 99.18 0 .44 0.82

5 16.99 96.72 0.57 5.22

4 28.28 97.87 0.65 2.18

Mean » 35.86 98.50 0.47 1 .68

S .E . i 26.08 0.65 0 .08 0.62

Ovalbumin 1 29.38 97.91 0.62 2.09

(o.l mg/ml)
2 22.46 96.72 0 .86 3.71

Mean 25.92 97.31 0 .7 4 2.90

Ovalbumin 1 43.70 99.68 0 .14 0.52

(1 .0  mg/ml)
2 41.69 98.25 0 .75 1.77



H istam ine
In c u b a t io n .10* Ti ssue Supernatant

ug/gm jo t o t a l io t o t a l

3 34 ,67 9 8 .6 0 0 . 4 9 1 . 4 0

4 52.72 9 7 .6 8 0 . 7 7 2 . 5 1

Mean 38 .1 9 9 8 . 5 4 0 . 5 4 1 . 4 5

S . E . t 2 .6 6 0 . 4 2 0 . 1 4 0 .4 2

Compound
4 8 /8 0

( 1 . 0  m g/m l)

1 6 .8 7 42 .11 9 .4 5 57 .87

2 8 .5 8 2 8 .5 8  - 2 1 .1 6 71 .63

Mean 7 . 6 3 53 .24 1 5 . 3 0 6 4 .7 5

O ctylam ine 1 10 .6 0 23 . 50 34 .50 76 .49
( l .O  mg/ml)

2 12 .4 9 34 .65 58 .1 6 7 5 . 3 4

Mean 1 1 . 3 4 24 .07 36 .53 75 .91

5. LIVER CAPSULE ( s e n s i t i s e d )

Tyrode 1 7 8 .2 5 95 .22 3 .92 4 .7 8

Ovalbumin 1 8 1 .9 8 90 .57  ■ 8 .5 5 9 .4 3

( l .O  mg/ml)

OcAylamine 
( I . Q mg/ml)

1 17 .2 5 20 .72 6 6 ,0 1 , 7 9 .2 8
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TISSUE INCUBATION

( R e s u l t s  summarised in  F ig .  6 . 5 )

1 .  PLEURA,

In c u b a t io n No. H istam ine
T issu e Su pernatant

/ i s Z ® p .s lm 7o t o t a l

Tyrode 1 5 1 . 7 5 9 1 . 5 3 2 . 9 4 8 . 4 7

2 18 .1 1 8 4 . 8 9 3 . 2 3 1 5 . 1 1

5 8 0 . 2 5 9 8 .8 5 0 . 9 4 1 . 1 5

4 4 4 .5 8 9 0 . 2 5 4 .8 2 9 . 7 5

5 3 9 . 0 2 9 3 . 6 4 2 . 6 5 6 . 5 6

6 3 . 9 6 5 9 . 1 0 2 . 7 4 . 4 0 . 9 0

7 2 1 . 6 3 9 6 . 8 7 0 . 7 0 3 . 1 3

8 1 7 . 3 9 9 3 . 4 4 1 .2 2 6 . 5 5

Mean 3 6 . 1 0 8 8 . 5 7 2 . 4 0 1 1 . 4 2

S . E . t 8 . 4 0 4 . 4 8 0 . 4 6 4 . 5 0

Ovalbumin 1 2 0 . 7 5 8 4 .8 4 3 . 7 1 1 5 . 1 6

( 0 . 1  m g/m l)
2 4 8 . 2 9 9 6 .3 0 0 . 8 4 1 . 7 0



1 1

Incubation No Histamine
Tissue Supernatant

/ W i E o/o t o t a l /ug/gm jo  t o t a l

3 6 6 .4 9 99 .51 0 . 3 3 0 . 4 9

4 49 .7 0 9 7 .1 6 1 .4 5 2 .8 4

5 33 .59 97 .12 0 . 9 9 2 . 8 8

6 2 5 . 5 8 9 4 .8 1 1 . 4 0 5 .19

Mean 40 .69 95 .29 1 .4 5 4 .7 1

S . E . t . 7 .0 6 2 . 1 9 0 . 4 7 2 .2 0

O valb um in 1 2 4 .1 0 8 6 .3 7 3 .8 0 13 .63
( 1 , 0  m g/m l)

2 16 .01 83 .91 3 .07 16 .09

3 70 .4 0 97 .21 2 .0 2 8 . 7 9

4 46 .42 94 .1 5 2 . 8 8 5 .8 5

5 14 .01 67 .26 6 .8 2 3 2 .7 4

6 23 .53 94 .7 6 1 . 3 0 5 .2 4

Mean 32.41 87 .27 3 .32 13 .67

S . E . t 8 .9 6 4 . 5 4 0 . 7 8 4 . 3

O valb u m in 1 40 .1 6 94 .0 5 2 . 5 4 5 .95
(5*0  mg/ml)

2 3 7 .6 8 9 2 . 6 5 2 . 9 9 7 .3 5



1 9fi)

Incubation No, H istam ine

T is s u e  Supernatant

fis/m lL-t2iàk ÆisZaa total

Mean 58 .92 9 3 . 3 5 2 . 7 7 6 . 6 5

Compound 1 1 0 .0 3 2 3 . 2 4 2 5 .4 6 7 1 . 7 6

4 6 /8 0

( 1 . 0  m g /m l) 2 1 1 .1 7 3 2 . 1 0 2 3 . 6 4 6 7 . 9 0

3 8 . 3 0 1 6 . 4 5 4 2 . 1 4 8 3 . 6 5

4 8 .3 7 1 5 . 7 6 4 4 . 7 5 8 4 . 2 4

5 5 . 5 0 2 3 . 6 3 1 7 . 7 8 7 6 . 3 7

6 7 . 1 8 2 3 . 3 6 2 3 . 5 6 7 6 . 6 4

■ 7 1 . 7 9 4 . 3 5 3 9 . 3 5 9 8 . 6 4

8 1 0 . 6 2 2 0 . 1 7 4 2 . 0 1 7 9 .8 3

Mean 7 .8 7 2 0 . 5 3 2 . 3 4 7 9 . 8 6

8 . E . - 1 . 0 9 5 . 0 1 1 . 2 4 3 . 5

2 , PLEURA 

Tyrode

( s e n s i t i s e d )

1 5 5 .0 4 8 5 . 5 0 5 . 6 0 1 4 . 5 0

2 1 8 . 1 7 7 3 . 7 4 6 .4 7 2 6 . 2 6

3 2 4 . 5 1 9 4 . 7 4 1 . 3 6 5 . 2 6



1 3

Incubation No.

Mean

S .B .

Ovalbumin 

(o.l mg/Kg)

Histamine
Tissue Supernatant

/9£lm io  t o t a l jo  t o t a l

4 2 5 . 7 6 9 4 . 3 4 1 . 2 5 4 .66

5 44 .8 2 9 1 . 7 1 4 . 0 5 8 ,2 8

6 4 0 . 1 4 8 6 .8 8 6 . 0 6 1 3 . 1 1

7 2 0 . 2 5 6 5 . 6 8 1 1 . 5 4 3 6 . 5 2

8 3 4 . 6 5 7 5 . 4 9 1 1 . 2 5 2 4 . 5 1

9 5 0 . 6 1 8 9 . 6 2 3 . 5 5 1 0 . 5 8

10 4 4 . 9 3 6 6 .5 8 2 2 . 7 5 3 3 , 6 2

11 2 2 .8 0 8 6 . 2 5 5 . 0 4 1 1 . 7 7

12 1 2 . 4 5 8 7 . 6 0 1 . 8 8 1 2 . 4 9

13 1 4 . 6 5 8 6 . 0 9 2 . 5 6 1 3 . 9 1

14 2 1 . 5 6 8 5 . 0 7 2 . 7 6 1 4 . 9 2

2 7 . 7 2 8 5 .5 5 . 9 9 1 6 . 4 2

2 .8 0 2 . 6 5 1 . 5 6 2 . 6 9

1 9 . 8 4 7 2 . 7 2 3 . 6 9 2 7 .2 8

2 8 . 9 0 6 9 . 4 6 3 . 9 1 3 0 . 5 1



1 4

Incubation No.
Tissue

Histamine

io  t o t a l /m im . io  t o t a l

5 2 3 .3 9 8 8 . 3 2 2 . 9 1 1 1 .6 8

4 1 5 .7 7 8 8 . 6 7 2 . 0 4 1 1 . 5 3

5 32 .1 8 9 1 . 2 1 3 . 1 0 8 .7 8

6 3 8 .2 8 9 2 . 1 9 3 . 2 4 7 .8 0

7 55 .76 8 9 . 7 6 6 . 5 6 1 0 . 2 4

8 1 7 .9 3 75 .82 5 . 7 2 2 4 .18

9 1 9 .8 3 8 9 . 7 7 2 . 2 5 1 0 .2 2

10 2 3 . 1 5 9 2 . 6 8 1 .8 2 7 . 3 2

11 1 8 .2 0 9 0 . 5 5 1 . 9 0 9 . 4 7

12 2 6 . 0 5 9 3 . 1 3 1 . 9 2 6*86

M ean 2 4 . 1 1 8 6 . 1 9 3 . 2 4 1 5 . 8

S . E . t 3 . 7 2 2 . 5 0 . 4 3 2 . 3 9

O valbum in 1 7 . 3 6 5 9 . 6 5 . 0 0 4 0 . 4 7

( l . O  rag/ral)
2 2 4 . 5 8 48 .7 1 2 5 . 8 9 5 1 . 3 0

3 2 3 . 2 8 9 3 .2 8 1 . 6 7 6 . 7 2
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Incubation No. Histamine

48/80

Tissue
fp t o t a l 7o t o t a l

4 . 30 .19 95 .8 8 1 . 2 7 4 .12

5 31 .13 87 .89 4 .2 9 1 2 .1 1

6 2 8 .5 1 91 .5 6 3 . 53 8 . 45

7 9 . 72 6 0 .7 5 6 .2 8 39 .27

8 13 .07 67 .72 7 . 1 8 52 .2 8

9 1 6 ,8 5 64 . 98 9 . 0 8 35.02

10 10 .4 5 58 .27 7 .4 8 41 .73

11 2 6 .8 7 89 . 43 3 .17 10 .57

12 2 1 .5 8 87.05 5 .21 12 .95

13 11 . 05 8 2 .6 6 2 . 5 1 1 7 . 3 4

14 19 .8 6 87 .4 5 2 .8 7 12 . 57

Mean 20 . 45 76 .79 5 . 94 23 .2

S . E . t 2 . 5 0 4 . 5 1 .6 8 4 . 3

►und
)

X 2 .626 17 .45 12 .417 82 .56

mg/ml) 2 3 .961 1 2 .6 8 27 . 26 5 87 .30



1 0

Incubation No. Histamine
Tissue Supernatant

“fo t o t a l H sZ sa Çi t o t a l

3 2 .5 5 2 5 . 7 2 5 9 . 6 0 4 9 4 .2 8

4 5 . 6 8 5 . 4 6 6 3 . 6 1 9 4 . 5 4

5 2 6 .4 8 7 3 . 0 9 7 . 8 5 2 6 . 9 1

6 4 .7 5 8 8 . 9 9 4 8 . 1 8 2 9 1 . 0 1

7 5 . 5 6 4 7 . 3 1 4 2 . 6 7 7 9 2 . 6 9

8 < 2 . 2 2 9 < 3 . 9 2  ' 5 4 . 6 8 8 9 0 . 0 8

9 2 1 . 7 9 2 3 3 . 8 8 4 2 . 5 1 5 6 6 . 1 2

10 9 . 9 6 1 2 8 . 8 9 2 4 . 5 1 5 7 1 . 1 1

11 1 7 . 9 3 2 7 1 . 3 1 7 . 2 1 4 2 8 .6 8

12 7 . 7 9 4 2 0 . 4 6 5 0 . 5 0 7 9 . 5 4

13 8 .6 8 1 2 4 . 3 1 2 7 . 0 5 7 5 . 6 9

Mean 8 .9 2 4 . 1 1 3 2 . 9 1 7 5 . 4 2

S . E . t 2 . 2 4 6 . 4 7 4 . 9 6 . 5 8

H o r se  serum 1 3 5 . 5 0 9 8 9 . 6 5 4 . 0 9 9 1 0 . 3 5

( 0 . 1  m g /m l)
2 1 9 . 3 2 9 7 5 . 0 2 6 .4 3 8 2 4 . 9 8

Mean 2 7 . 4 2 8 2 .5 3 5 . 2 7 1 7 . 6 6
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Incubation No. Histamine
Tissue Supernatant

°/o t o t a l 9̂  t o t a l

Horse serum 1 42.422 90 .9 8 4 . 2 0 4 . 9 .0 2

( l .O  mg/ml)
2 57,646 74 .79 1 2 .6 8 8 25 .2 1

3 26 .5 8 1 79 .79 6 . 73 5 2 0 .2 1

4 2 8 .4 0 0 8 4 .3 4 5 .2 74 15 . 66

Mean 33.762 82 .4 7 7 .2 25 17 .52

S . E . t 5 .77 3 . 4 1 . 9 5 . 4
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APPENDIX III

COMPOSITION OP PHYSIOLOGICAL SOLUTIONS

S o lu t io n  S a l t

Tyrode Sodium c h lo r id e

P otassium  c h lo r id e

Calcium c h lo r id e

Magnesium c h lo r id e

Sodium dihydrogen  
orthophosphate

D extrose

Sodium hydrogen  
carbonate

K r e b s -H e n s e le i t  Sodium c h lo r id e

P otassium  c h lo r id e

Calcium c h lo r id e

P otassiu m  dihydrogen  
orthophosphate

Magnesium su lp h a te

Sodium hydrogen  
carbonate

C on cen tra tion

8 . 0

0 . 2

0 . 2

0.01

0.065

1.0

1.0

6 .92

0 . 5 5 4

0 .28 2

0 .1 6 2

0 . 2 9 4

2 . 1

D extrose 2 . 0
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De J a l o n  Sodium c h l o r i d e  9*0

P o ta s s iu m  c h l o r i d e  0.42

C alc ium  c h l o r i d e  0.06

D e x tro s e  0 .5

Sodium hydrogen  
carbonate 0 .5
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Summary o f  a  t h e s i s  s u b m it te d  f o r  th e  d e g r e e  o f  D o c to r  o f  P h i lo s o p h y  o f  i 

F a c u l t y  o f  V e t e r in a r y  M e d ic in e  by Maureen M« A it lce n , B .V .M .S . ,  M.R,C*V,£



A lthough h y p e r s e n s i t i v i t y  may p la y  a p art in  d i s e a s e s  o f  c a t t l e  

the  mechanisms o f  h y p e r s e n s i t i v i t y  r e a c t io n s  have been i n v e s t i g a t e d  

i n  d e t a i l  o n ly  i n  la b o r a to r y  an im als  and the r e l a t i v e  im portance o f  

endogenous p h a r m a c o lo g ic a l ly  a c t i v e  s u b s ta n c e s ,  namely h is ta m in e ,  5 -  

hydroxytryptara ine , k in in s  and SRS-A in  such r e a c t i o n s  has been found  

to  v a ry  i n  d i f f e r e n t  s p e c i e s ,

A y rsh ire  and F r i e s ia n  c a lv e s  were s e n s i t i s e d  to  ovalbum in and 

h o r se  serum. One in tr a v e n o u s  i n j e c t i o n  o f  ovalbumin was adequate but  

two, se p a r a te d  by an i n t e r v a l  o f  7 d ays , were r e q u ir e d  o f  h orse  serum, 

C h allen ge  by in tr a v e n o u s  i n j e c t i o n  o f  the a p p ro p r ia te  a n t ig e n  a f t e r  a 

l a t e n t  p e r io d  o f  a t  l e a s t  7 days r e s u l t e d  i n  the  im mediate o n s e t  o f  

a cu te  sy s te m ic  a n a p h y la x is  from which an im als  e i t h e r  d ie d  w i t h in  10 

rain, or r e c o v e r e d  i n  most o a se s  w i t h in  50 rain, to  2 h r .  A n aph ylax is  

was c h a r a c t e r i s e d  by r e s p ir a t o r y  d i s t r e s s ,  co u gh in g , apnoea, sy s te m ic  

h y p o te n s io n ,  pulmonary h y p e r te n s io n ,  b ra d y ca rd ia , le u c o p e n ia ,  n e u tr o ­

p e n ia  and h a em o co n cen tra tio n . Necropsy r e v e a le d  se v e r e  pulmonary 

oedema, emphysema and i n t r a - a l v e o l a r  haemorrhage. D iarrh oea  occu rred
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48 to  72 h r ,  a f t e r  n o n - f a t a l  r e a c t i o n s .  The s e v e r i t y  o f  the  

symptoms depended on the c h a l le n g e  d o se .  A co u rse  o f  w eek ly  i n t r a ­

m uscular i n j e c t i o n s  o f  ovalbumin w ith  com plete F reu n d 's  adjuvant a l s o  

r e s u l t e d  i n  s e n s i t i s a t i o n  to  ovalbum in. Animals s e n s i t i s e d  i n  t h i s  

way showed s im i la r  symptoms on c h a l le n g e  but r e a c te d  to  d oses  o f  

ovalbumin 50 t im es s m a l le r .  These anim als a l s o  r e a c te d  n o n - s p e c i f i c a l l  

on c h a l le n g e  w ith  h orse  album in or horse  serum.

A d m in is tr a t io n  o f  h is ta m in e ,  5*hydroxytryptam ine or b rad yk in in  

produced e f f e c t s  s i m i la r  to  th o se  o f  a n a p h y la x is .  5-H ydroxytryptam ine  

d i f f e r e d  i n  th a t  even  l e t h a l  d oses  d id  n o t  r e s u l t  in  pulmonary oedema. 

A l l  the  e f f e c t s  o f  th e s e  su b s ta n c e s  were reduced  i n  th e  p resen ce  o f  

t h e i r  s p e c i f i c  or s e l e c t i v e  a n t a g o n is t s  w ith  the  e x c e p t io n  o f  the  

ap n o e ic  e f f e c t  o f  5-hydroxytryptam ine which p e r s i s t e d  i n  the p resen ce  

o f  m eth yserg id e  and BW5OIC6 7 . Vagotomy d id  n o t  a l t e r  the  e f f e c t s  o f  

h is ta m in e  or 5 -h yd roxytryp tam in e .

In  v i t r o  bov in e  tr a c h e o b r o n c h ia l  smooth m uscle  and pulmonary v a s ­

cu la r  t i s s u e  c o n tr a c te d  in  r esp o n se  to  h is ta m in e ,  5 -hydroxytryptam ine



and b r a d y k in in .  These r e sp o n s e s  were a b o l i s h e d  by th e  a p p ro p r ia te  

a n t a g o n i s t s .  V ascu lar  p e r fu s io n  r a t e  o f  i s o l a t e d . l o b e s  o f  lu n g  was 

red uced  and a i r  p e r fu s io n  p r e ssu re  in c r e a s e d  by th e se  s u b s ta n c e s .

Apart from a r e d u c t io n  i n  la c r im a l  s e c r e t i o n  no m o d i f i c a t io n  

o f  a n a p h y la x is  was ob served  i n  an im als  p r e tr e a te d  w ith  a n t ih is ta m in e s  

or a t r o p in e .  M eolofenam ate, a s e l e c t i v e  a n ta g o n is t  o f  k i n in s ,  SRS-A 

and ATP p rev en ted  th e  r e s p ir a t o r y  changes and reduced  th e  c i r c u la t o r y  

changes in  an im als  s e n s i t i s e d  w ith o u t  F reu n d 's  a d ju v a n t .  T h is  s u g g e s t s  

th a t  k in in s  and /or  SRS-A and ATP might be im portant as m e d ia to r s .  The 

compound BW5OIO6 7 , had a m o d ify in g  e f f e c t  on a n a p h y la x is .  However, 

t h i s  appeared to  be u n r e la t e d  to  i t s  a c t i v i t y  as  an a n t a g o n is t  o f  

5-h yd roxy try p tam in e . The occu rren ce  o f  apnoea d u rin g  a n a p h y la x is  was 

p rev en ted  or d e la y e d  i n  vago to m ised  a n im a ls .  H a em a to lo g ica l  changes  

were u n m od ified  a f t e r  p re trea tm en t  w ith  a n t a g o n i s t s .  The p r o t e c t iv e  

e f f e c t  o f  m eolofenam ate, i n  an im als  s e n s i t i s e d  u s in g  F reu n d 's  a d ju va n t,  

was l i m i t e d  to  i n h i b i t i n g  m ild  r e a c t io n s  o n ly .



R esp onses o f  pulmonary t i s s u e s  to  a n t ig e n  in  v i t r o  were shown 

o n ly  "by t i s s u e s  removed from an im als  s e n s i t i s e d  u s in g  Freund*s  

a d ju v a n t ,  S c h u ltz -D a le  r e a c t i o n s  were e l i c i t e d  from i n t e s t i n a l  

t i s s u e  o f  an im als  s e n s i t i s e d  w ith o u t  ad ju van t.

A n tigen  f a i l e d  to  r e l e a s e  h is ta m in e  in  v i t r o  from chopped lu n g ,  

p le u r a  or l i v e r  c a p su le  o f  s e n s i t i s e d  a n im a ls .  Some r e l e a s e  o f  h is ta m ii  

from chopped sk in  d id  o c cu r .  C o n cen tra tion s  o f  h is ta m in e  i n  the  

t i s s u e s  o f  an im a ls  which d ie d  durin g  or a f t e r  a n a p h y la x is  tended to  

he h ig h e r  than in  c o n t r o l  a n im a ls .  Plasma f r e e  h is ta m in e  l e v e l s  were 

e le v a t e d  f o l lo w in g  a n a p h y la x is  hut s e r i a l  b lood  sam ples showed g r e a t  

v a r ia t i o n  in  plasma h is ta m in e  l e v e l s .  P e r fu s io n  o f  i s o l a t e d  lu n g  w ith  

ovalhumin r e s u l t e d  i n  the p resen ce  o f  h is ta m in e ,  h r a d y k in in  and p o s s ib l;  

o th er  spasm ogenic  su b s ta n c e s  i n  the  p e r fu s a t e .  P e r fu s a te  from the  

lu n g s  o f  s e n s i t i s e d  an im als  had a h ig h er  c o n ten t  o f  a c t i v e  su b s ta n c es  

than d id  th a t  from the  lu n g s  o f  u n s e n s i t i s e d  a n im a ls .

Serum o f  an im als  s e n s i t i s e d  u s in g  F reund's ad ju vant had the  

p rop er ty  o f  s e n s i t i s i n g  the  s k in  o f  o th e r  c a lv e s  f o r  PCA which cou ld


