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Chemotherapy, th e  tre a tm e n t  o f  in f e c t io n s  by 

compounds o f  known ch em ica l c o n s t i t u t i o n ,  had i t s  f i r s t  

su c c e s se s  i n  com bating  g e n e ra l  i n f e c t io n s  due to  

p ro to z o a  and s p ir o c h a e te s ,  b u t th e  d isc o v e ry  o f  d rugs 

s u i t a b le  f o r  u se  i n  g e n e ra l  i n f e c t io n s  due to  b a c t e r i a l  

in v a s io n  h a s  p roved  l e s s  e a sy . L oca l b a c t e r i a l  in f e c t io n s  

may be t r e a t e d  s u c c e s s fu l ly  by means o f  compounds w hich 

p o s s e s s  p o w erfu l a n t i s e p t i c  p r o p e r t i e s  and can  be a p p lie d  

to  r e a d i ly  a c c e s s ib le  lo c a l  l e s io n s  in  s u f f i c i e n t l y  

c o n c e n tra te d  form  to  damage th e  v i t a l i t y  o f  th e  o rgan ism s 

w ith o u t undue harm to  th e  su rro u n d in g  t i s s u e s .  But 

whenever a b a c t e r i a l  i n f e c t io n  becomes g e n e ra l is e d  i t  i s  

O bvious t h a t  th e  th e r a p e u t ic  a g e n t m ust be a su b s ta n ce  

w hich can  be a d m in is te re d  e i t h e r  o r a l l y  o r  by i n j e c t i o n



to  th e  h o s t  w ith o u t to x ic  e f f e c t s ,  and w hich w i l l  d i f f u s e  

in to  th e  t i s s u e s  i n  such  a way a s  to  m eet th e  in v a d in g  

o rg an ism s in  ad eq u a te  c o n c e n tr a t io n  f o r  t h e i r  d e a th  o r  

a t te n u a tio n *

I n  1955* Domagk (24) u se d  a  r e d  d y e s tu f f  f,P r o n t o s i l ,f 

( 4 1—sulphonam ido—2 :4»-diam iBaazobenzene)

to  t r e a t  e x p e r im e n ta l b a c t e r i a l  i n f e c t io n s  i n  m ice end 

r a b b i t s  w ith  p ro m is in g  r e s u l t s ,  and i n  th e  same y e a r  th e

and su g g e s te d  t h a t  th e  a c t i v i t y  o f  t h i s  azo«*dye was due to  

i t s  b re a k in g  down i n  th e  t i s s u e s  o f  th e  in f e c te d  h o s t  w ith  

th e  fo rm a tio n  o f  a  l e s s  complex compound, p—am inobenzene- 

su lphonam ide, w hich  th ey  th e n  u sed  s u c c e s s fu l ly  i n  th e  

tr e a tm e n t o f  h a e m o ly tic  s t r e p to c o c c a l  i n f e c t io n s  i n  mice* 

T h is co m p a ra tiv e ly  sim ple  compound

p-am inobenzene-su lphonam ide o r  su lp h a n ila m id e  may th e r e fo r e

T re fo u e ls ,  N i t t i  and B ovet (112) co n firm ed  th e s e  r e s u l t s



be re g a rd e d  a s  th e  p a r e n t  su b s ta n c e  to  w hich th e  many 

r e l a t e d  compounds s in c e  su g g e s te d  f o r  th e r a p e u t ic  t r i a l  may 

be com pared. I t  had  lo n g  been  known a s  a s y n th e t ic  

o rg a n ic  compound (Gelmo, 55) b u t had  n o t  been  p re v io u s ly
i

employed a s  a s y n th e t ic  d ru g .

Among th e  new d ru g s  o b ta in e d  by s u b s t i t u t i o n  in  o r  

a d d i t io n  to  th e  su lp h a n ila m id e  m o lecu le  a re  s e v e r a l  o f  

e q u a l o r  g r e a t e r  th e r a p e u t ic  a c t i v i t y .  I t  h a s  a ls o  been 

s t a t e d  t h a t  th e y  may v a ry  i n  e f f ic a c y  a c c o rd in g  to  th e  

p a r t i c u l a r  ty p e  o f  i n f e c t io n  a g a in s t  w hich th e y  a re  u se d .

I n  a d d i t io n ,  c e r t a i n  d ru g s o f  ,fsu lp h o n e ” s t r u c tu r e  have 

p roved  s p e c ia l ly  e f f e c t iv e  i n  t r e a t i n g  h ae m o ly tic  s t r e p t o 

c o c c a l i n f e c t io n s  in  m ice . Prom th e  la rg e  s e r i e s  o f  

sulphonam ide d ru g s t e s t e d  in  t h i s  la b o ra to ry  f o r  th e r a p e u t ic  

e f f e c t ,  th e  fo llo w in g  th r e e  su lp h o n es  have been chosen  

f o r  s tu d y  a lo n g  w ith  s u lp h a n ila m id e :

4 :4 ' -d iam ino  -d ip h e n y l-su lp h o n e  *
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CH3C0. HN -^~y~ S0A- < - >  NHa 4 :4 '  -mono ace ty l-d ieaaino-

d ip h e n y l-su lp h o n e  *

; 4 »—d ia c e  ty la m in o -d ip h e n y l-  

su lpha  ne #

A ll  fo u r  compounds w ere s u p p lie d  by Im p e r ia l  Chem ical 

I n d u s t r i e s  L td # (D y e s tu ffs  Group)#

In  c o n s id e r in g  th e  a n t i b a c t e r i a l  p r o p e r t i e s  o f  th e  

th r e e  su lp h o n es  and su lp h a n ila m id e , i t  was f i r s t  n e c e s s a ry  

to  d e te rm in e  t h e i r  t o x i c i t y  f o r  th e  p a r t i c u l a r  s p e c ie s  o f  

an im al to  be em ployed i n  t r i a l s  i n  v iv o  . S e c tio n  I  o f  

t h i s  t h e s i s  d e s c r ib e s  i n v e s t ig a t io n s  made on th e  

s o l u b i l i t y  o f  each  d ru g , th e  p o s s i b i l i t y  o f  i t s  u se  i n  th e  

form  o f  a  d is p e r s io n  when s o l u b i l i t y  was low , th e  b e s t  

method o f  a d m in is t r a t io n ,  a sse ssm en t o f  th e  maximum dose 

t o l e r a t e d ,  and th e  r a t e  o f  a b s o rp t io n  by and e x c re t io n  

from  th e  body* N ext fo llo w ed  th e  c h o ice  o f  a  s u i t a b le  

e x p e rim e n ta l in f e c t io n  a g a in s t  w hich th e  a c t io n  o f  th e  

fo u r  d ru g s  m igh t be compared* Such an  in f e c t io n  m ust be 

cap ab le  o f  p ro d u c in g  a  u n ifo rm  co u rse  i n  s u c c e s s iv e  s e r i e s

c h 3 c o . h n - ^ ^ s o z - s ^ ^ a / h . c o . c k 3 4



o f  e x p e rim e n ts , and th e  c h o ice  o f  s u i t a b le  s t r a i n s  th e re fo r e  

ta k e s  in to  acco u n t many c h a r a c t e r i s t i c s  o f  th e  o rgan ism s -  

v i r u le n c e ,  p re se n c e  o r  absence  o f  c a p s u le s ,  e f f e c t  o f  low 

te m p e ra tu re s  on  f l u i d  c u l tu r e s ,  and ea se  o f  m aintenance*

An u n ex p ected  f in d in g  i n  th e  c a se  o f  one o f  th e  s t r a i n s  

o f  s t r e p to c o c c i  em ployed was th e  developm ent o f  c a p su le s  

d u r in g  s e r i a l  p a ssag e  o f  th e  s t r a i n  th ro u g h  norm al an im als  

and t h i s  a l t e r e d  c h a r a c te r  had  a n  i n t e r e s t i n g  e f f e c t  on 

th e  re sp o n se  to  th e ra p y . An ac co u n t o f  th e  g e n e ra l  

te c h n iq u e  o f  th e  th e r a p e u t ic  ex p e rim en ts  and o f  th e  r e s u l t s  

o b ta in e d  i s  g iv e n  i n  S e c t io n  I I .  T reatm ent by means o f  

th e  fo u r  d ru g s  was c a r r i e d  o u t  p r o p h y la c t i c a l ly ,  im m edia te ly  

a f t e r  in o c u la t io n ,  o r  some h o u rs  a f t e r  in o c u la t io n ,  and 

f r a c t i o n s  o f  th e  maximum dosage were a ls o  t e s t e d  to  f in d  

o u t  th e  p o s s ib le  th e r a p e u t ic  ra n g e . Combined tre a tm e n t 

w ith  more t han one d ru g  and th e  e f f e c t  o f  p -am inobenzo ic  

a c id  on th e  r e s u l t s  o f  t r e a tm e n t were in v e s t ig a te d  i n  

a d d i t io n .

In  s tu d ie s  h i t h e r t o  p u b lis h e d  l i t t l e  o r  no a tten^p t



had  been  made to  fo llo w  th e  co u rse  o f  i n f e c t io n  from  day to  

day i n  t r e a t e d  m ice , and a  m ethod was d e v ise d  by means o f  

w hich th e  b a c t e r i a l  c o n te n t  o f  th e  b lo o d  was examined a t  

r e g u la r  in te r v a ls *  I t  was found  t h a t  w ith  slow ly  e x c re te d  

d ru g s , su ch  a s  th e  m o n o a ce ty l-su lp h o n e , i t  was p o s s ib le  

f o r  a t r e a t e d  m ouse, a p p a re n t ly  i n  norm al h e a l th ,  to  c a r ry  

i n  i t s  b lo o d  f o r  a c o n s id e ra b le  p e r io d  o f  days abundant 

o rg an ism s w hich w ere la c k in g  i n  v i r u le n c e  tow ards t h e i r  

p r e s e n t  h o s t  and y e t  co u ld  cau se  f a t a l  s e p tic a e m ia  when a 

m inu te  drop o f  t h i s  b lo o d  was u sed  to  i n f e c t  a f r e s h  anim al* 

Such o b s e rv a t io n s ,  o f  w hich a p re l im in a ry  r e p o r t  was g iv en  

by Browning and L eck ie  (1^)> a re  d e s c r ib e d  i n  d e t a i l  in  

S e c tio n  I I I ,  and t h e i r  s ig n i f ic a n c e  i s  d is c u s s e d  in  

c o n s id e r in g  th e  mode o f  a c t io n  o f  th e  sulphonam ide d ru g s 

i n  v iv o 4

S tu d ies o f  the a n t ib a c te r ia l  a c t io n  o f  the sulphonamide 

drugs should in c lu d e  in v e s t ig a t io n s  o f  the mode o f  a c t io n  

in  the te s t - tu b e  even although  v iew s based on co n d itio n s  

in  v i t r o  do n o t r e a l ly  take in to  co n sid era tio n  the co n sta n t



v a r i a t i o n  in  env ironm ent p ro v id e d  i n  th e  t i s s u e s  o f  th e  

h o s t  and so may be m a in ly  o f  academ ic in t e r e s t*  Ihe v e ry  

v a r i a b le  r e s u l t s  o b ta in e d  from  in  v i t r o  in v e s t ig a t io n s  

o f  th e  in f lu e n c e  o f  th e  d ru g s on  th e  grow th  o f  o rgan ism s 

a re  d e a l t  w ith  i n  S e c tio n  IV*

I t  h a s  been  s t a t e d  t h a t  " d r u g - r e s i s t a n t ” s t r a i n s  o f  

o rgan ism s may deve lop  i n  th e  co u rse  o f  tre a tm e n t w ith  

sulphonam ide drugs* $nd i t  would n a tu r a l l y  be ex p ec ted  

t h a t  s im i la r  s t r a i n s  m igh t be d eve loped  by re p e a te d  

t r a n s f e r  o f  th e  o rg an ism s i n  n u t r i e n t  medium c o n ta in in g  

th e  drug* A lthough  su c c e s s  by such  m ethods h as  been 

c la im ed  i n  th e  ca se  o f  th e  pneum ococcus by s e v e r a l  

w o rk e rs , th e  s tr e p to c o c c u s  h a s  so f a r  p ro v ed  a more 

d i f f i c u l t  problem * No ev id en ce  o f  a c q u ire d  d ru g -  

r e s i s ta n c e  h a s  been  found in  th e  co u rse  o f  th e  a u t h o r 's  

ex p e rim en ts  i n  v iv o * b u t th e  p o s s i b i l i t y  o f  th e  developm ent 

o f  such  s t r a i n s  b o th  i n  v iv o  and i n  v i t r o  m ust be 

co n s id ered *  ih e  p u b lis h e d  r e s u l t s  a re  th e r e f o r e  d is c u s s e d  

a ls o  i n  S e c tio n  IV a lo n g  w ith  c e r t a i n  o f  th e  p r e s e n t
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a u t h o r 's  e x p e rim e n ta l f in d in g s .

In  S e c tio n  V th e  v a r io u s  t h e o r i e s  to  acco u n t f o r  th e  

c u r a t iv e  e f f e c t  o f  th e  sulphonam ide d ru g s a re  rev iew ed  i n  

th e  l i $ i t  o f  a l l  th e  e x p e rim e n ta l r e s u l t s  i n  c o n ju n c tio n  

w ith  p u b lis h e d  d a ta .  T his a tte m p t to  e x p la in  th e  a c t io n  

o f  th e  su lphonam ides w i th in  th e  l i v i n g  h o s t  s t r e s s e s  th e  

im portance o f  th e  p a r t  p la y e d  by t h a t  h o s t  i n  conducing  to  

cu re  o f  th e  in f e c t io n .

In  a d d i t io n  to  th e  a u t h o r 's  own f in d in g s  c e r t a i n  

r e s u l t s  in  t h i s  t h e s i s  have been  in c lu d e d  by p e rm is s io n  o f  

P ro fe s s o r  Browning u n d er whose s u p e rv is io n  th e  r e s e a r c h  

h a s  been  c a r r ie d  o u t  in  th e  D epartm ent o f  B a c te r io lo g y .

Such r e s u l t s  a re  c l e a r ly  in d ic a te d  i n  b o th  t e x t  (pp . 20,

48, 52, 55, 54, 55, 56, 6 } ,  66)  and in  T ab les  I I I ,  V I I I ,  I I ,  

X, I I I ,  H U ,  I IV , XV, XVI, X X III.

The a u th o r  i s  in d e b te d  to  Im p e r ia l  Chem ical I n d u s t r i e s  

L im ited  (D y e* tu ffs  Croup) f o r  s u p p l ie s  o f  compounds and a lso  

f o r  su p p o rt o f  p a r t  o f  th e  in v e s t ig a t io n s .



SECTION I

© X i c m  AND ABSOBPTION



SOLUBILITY*

The f i r s t  s te p  i n  in v e s t i g a t in g  th e  p r o p e r t i e s  o f  a 

compound o f  p o s s ib le  a n t i b a c t e r i a l  a c t i v i t y  i n  v iv o  i s  th e  

a sse ssm en t o f  i t s  t o x i c i t y  f o r  th e  p a r t i c u l a r  s p e c ie s  o f  

an im al to  be employed in  th e  th e r a p e u t ic  t r i a l s *  The 

t o x i c i t y  o f  a d rug  i s  c lo s e ly  bound up w ith  i t s  s o lu b i l i ty *

Ihe compound may be r e a d i ly  s o lu b le  in  w a te r , b u t th e  s o lu t io n  

may be e i t h e r  too a c id  o r  too  a lk a l in e  to  be a d m in is te re d  

to  th e  body by any ro u te  u n t i l  i t  h a s  been n e u tra l is e d *
t

A gain , i t  may be in s o lu b le  in  w ate ry  medium, in  w hich case  

i t  i s  u n l ik e ly  to  be ab so rb ed  by th e  bddy a t  a l l  and w i l l  

e i t h e r  form  an  i n e r t  mass i n  th e  t i s s u e s  a t  th e  s i t e  o f  

subcu taneous i n j e c t i o n  o r  e l s e  be co m p le te ly  e x c re te d  in  

an  unchanged c o n d it io n  a f t e r  o r a l  a d m in is t r a t io n .  Between 

th e s e  two ex trem es l i e  compounds o f  s p a r in g  s o l u b i l i t y  in
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w ate ry  medium f o r  some o f  w hich a s u i t a b le  v e h ic le  m ust be 

d e v ise d  b e fo re  th ey  can  be a d m in is te re d . Most f re q u e n tly  

such  compounds a re  f i n e ly  ground and p re p a re d  a s  aqueous 

d is p e r s io n s  w ith  o r  w ith o u t th e  a d d i t io n  o f  a t r a c e  o f  a 

chem ical d is p e r s in g  a g e n t .o r  a sm a ll amount o f  gum a c a c ia .

FORMATION OF DEFQI OF DRUG.

These d is p e r s io n s  a r e  s u i t a b le  f o r  b o th  o r a l  and 

su b cu tan eo u s a d m in is t r a t io n ,  e s p e c ia l ly  th e  l a t t e r .  A 

d ep o t o f  d ru g  i s  formed a t  th e  s i t e  o f  i n j e c t i o n  and i s  

g ra d u a l ly  ab so rb ed  by th e  an im al o v e r  a p e r io d  o f  days o r  

even weeks depending  on th e  r e l a t iv e s  s o l u b i l i t y  o f  th e  

d rug  in  th e  b o d y - f lu id s .  T his h a s  th e  e f f e c t  o f  m a in ta in in g  

a c o n c e n tr a t io n  o f  d rug  in  c i r c u l a t i o n  w ith o u t f u r th e r  

a d m in is t r a t io n  and i s  th e r e f o r e  e s p e c ia l ly  s u i t a b le  in  th e  

ca se  o f  th e  s p a r in g ly  s o lu b le  su lp h o n e s . I t  i s  o n ly  lo g ic a l  

t h a t  w hereas a  n ig h ly  s o lu b le  o r  r e a d i ly  ab so rb ed  d rug  

h a s  to  be a d m in is te re d  s u f f i c i e n t l y  f r e q u e n t ly  to  m a in ta in  

an  ad eq u a te  c o n c e n tr a t io n  in  th e  b o d y - f lu id s ,  a  l e s s  

s o lu b le  d rug  may w e ll be g iv e n  to  mice by a s in g le



su b cu tan eo u s i n j e c t i o n ,  o r  d iv id e d  o v e r  two o r  th re e  such 

in j e c t i o n s  when th e  to x ic  e f f e c t  due to  a b s o rp tio n  fo llo w in g  

a s in g le  la r g e  dose m igh t p rove  c r i t i c a l ,  and th e  d ep o t 

o f  d ru g  so form ed be th e n  g ra d u a l ly  ab so rb ed  by th e  body- 

f lu id s *  I t  I s  p re su p p o se d , o f  c o u rse , t h a t  a b s o rp tio n  

w i l l  p ro cee d  more o r  l e s s  c o n t in u o u s ly , and i t  h a s  been 

v e r i f i e d  i n  th e  ca se  o f  th e  compounds d is c u s s e d  i n  t h i s  

t h e s i s  t h a t  th e  d e p o t does n o t  become en c y s te d  and so , a s  

i t  w ere , w a lle d  o f f ,  b u t  t h a t  a b s o rp t io n  ta k e s  p la c e  u n t i l  

th e re  a r e  no v i s i b l e  t r a c e s  o f  d e p o s i t  a t  th e  s i t e  o f  

i n j e c t i o n .  O olebrook e t  a l . ( 21 ) i n  t r e a t i n g  a h aem o ly tie  

s t r e p to c o c c a l  in f e c t io n  i n  m ice gave a  su b cu tan eo u s 

in j e c t i o n  o f  a s t ro n g  su sp e n s io n  o f  P r o n to s i l  and found 

th a t  th e  d ep o t o f  dye so form ed became g ra d u a l ly  abso rb ed  

by th e  an im al f o r  days w eeks, and t h a t  t h i s  p roduced  

v e ry  s u c c e s s fu l  th e r a p e u t ic  r e s u l t s ,  b u t a  su rv ey  o f  th e  

l i t e r a t u r e  shows t h a t  o n ly  v e ry  few o th e r  w orkers w ith  

th e  s p a r in g ly  s o lu b le  d ru g s  have a d m in is te re d  them 

subcu taneously*  Long and B l i s s  ( 67, p*2Q) fa v o u r d rug



a d m in is t r a t io n  p e r  o s  f o r  th e  l e s s  s o lu b le  compounds, 

a l th o u g h , on  th e  o th e r  hand , th e y  c o n s id e r  ( 67 , p#52) t h a t  

f ig u r e s  f o r  a c u te  t o x i c i t y  o f  th e  l e s s  s o lu b le  compounds 

a r r iv e d  a t  on  th e  b a s i s  o f  o r a l  dosage a re  v a lu e le s s  because 

o f  th e  la r g e  p ro p o r t io n  o f  unab so rb ed  d ru g  e x c re te d  a s  an  

e s s e n t i a l l y  i n e r t  su b stan ce*

SULPHANILAMIDE.

S u lp h an ilam id e  i s  a w h ite  pow der, m o d e ra te ly  s o lu b le  

i n  h o t  w a te r , o n ly  s l i g h t l y  s o lu b le  i n  c o ld  w a te r . A 

s o lu t io n  o f  1:100  i s  o b ta in e d  by h e a t in g  a lm o s t to  b o i l i n g -  

p o in t  i n  th e  r e q u i s i t e  volume o f  w a te r  and a llo w in g  th e  

s o lu t io n  to  c o o l to  b o d y -tem p e ra tu re  a t  w hich i t  i s  

s u i t a b le  f o r  in je c t io n *  Some w o rk ers p r e f e r  to  make up 

a  su sp en s io n  o f  th e  f i n e ly  pow dered d ru g  i n  w a te r  

c o n ta in in g  4 to  10 p e r  c e n t ,  gum a c a c ia ,  e s p e c i a l ly  when 

o r a l  a d m in is t r a t io n  i s  to  be em ployed,

A summary o f  th e  p u b lis h e d  r e s u l t s  f o r  th e  t o x i c i t y  

o f  su lp h a n ila m id e  f o r  m ice by o r a l  and su b cu tan eo u s 

a d m in is t r a t io n  i s  g iv e n  i n  i 'ab le  I  and shows c o n s id e ra b le
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v a r i a t i o n s .  With, o r a l  d osage , from  70wgm to  125mg, i s  

g iv e n  a s  a maximum to l e r a t e d  d o se , 2Q0mg* o r  more ca u s in g  

death.* R e s u l ts  o f  su b cu tan eo u s dosage a re  s t i l l  more 

v a r ie d ,  th e  l e t h a l  dose b e in g  p la c e d  a s  low a s  50mg. and 

a s  h ig h  a s  120mg,* However i t  m ust be ta k e n  in to  acco u n t 

t h a t  s e v e r a l  d i f f e r e n t  p r e p a r a t io n s  o f  th e  d ru g  were u sed , 

and t h a t ,  ow ing to  slow  a b s o rp t io n  o f  d ru g  from  o i l y  

d is p e r s io n s ,  p resum ab ly  12Qmg. i n  o l iv e  o i l  would have to  

be a d m in is te re d  to  g iv e  th e  seme e f f e c t  a s  5Qmg* o f  th e  

d rug  i n  aqueous s o lu t io n ,  th u s  e x p la in in g  th e  a p p a re n t 

d i s p a r i t y  i n  th e s e  two v a lu e s  f o r  th e  l e t h a l  d o se .

C olebrook  (19) gave a s e r i e s  o f  f iv e  d o ses  o f  

su lp h a n ila m id e  i n t r a p e r i t o n e a l l y  to  m ice , a t o t a l  o f  

40mg. p e r  20g. mouse, o v e r  a  p e r io d  o f  72  h o u rs , and 

found t h i s  to  be n o n - to x ic  and w e ll t o l e r a t e d .  Y et 

a n o th e r  m ethod o f  a d m in is t r a t io n  n o t  r e f e r r e d  to  i n  th e  

t a b le  i s  t h a t  o f  L i t c h f i e l d  e t  a l . ( 6l )  who in c o rp o ra te d  

th e  d ru g  i n  th e  norm al fe e d in g  o f  mice* ih ey  f i r s t  

s tu d ie d  th e  norm al f e e d in g -p e r io d s  and a s c e r ta in e d  t h a t
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a f t e r  th e  i n i t i a l  24 h o u rs , d u r in g  w hich th e  an im als 

became accustom ed to  th e  p a r t i c u l a r  d i e t ,  th e re  were s ix  

to  e ig h t  f e e d in g s  e q u a lly  spaced  o v e r  each  24 h o u rs , 

ihey  th e n  in c lu d e d  n o t  more th a n  2 p e r  c e n t ,  o f  

su lp h a n ila m id e  i n  th e  norm al food  and s tu d ie d  th e  

c o n c e n tr a t io n  o f  d ru g  i n  th e  b lo o d . A f te r  1 to  2 days

th e  m ice showed a s te a d y  c o n c e n tr a t io n  o f  su lp h a n ila m id e  

i n  th e  b lo o d  a s  t h e i r  in ta k e  o f  th e  new d i e t  became 

r e g u la r ,  L i t c h f i e l d  c la im ed  t h a t  a n  e f f e c t iv e  d ru g  l e v e l  

i n  th e  b lo o d  was e a s i l y  m a in ta in e d  by t h i s  method o f  

a d m in is t r a t io n .

'ihe e s t im a t io n  o f  th e  c o n c e n tr a t io n  o f  su lp h a n ila m id e  

i n  th e  b lo o d  o r  u r in e  may be c a r r i e d  o u t  by means o f  a 

c o lo r im e tr ic  t e s t  b ased  on  th e  d i a z o t i s a t i o n  and c o u p lin g  

o f  th e  am ino-group i n  th e  su lp h a n ila m id e  m o le cu le . i h i s  

m ethod was f i r s t  su g g e s te d  by P u l l e r  (31) and by 

M a rsh a ll a t  a l , ( 7 4 )  and s in c e  th e n  v a r io u s  m o d if ic a t io n s  

o f  th e  o r i g i n a l  t e s t  have been  a d o p te d . S e v e ra l 

c o u p lin g  compounds have been  su g g e s ted  f o r  co m b in a tio n



w ith  th e  diazo-com pound, th e  c r i t e r i a  b e in g  t h a t  th e  

a c t io n  i s  in d ep en d en t o f  th e  p re se n c e  o f  e x c e ss  n i t r o u s  

a c id ,  and t h a t  th e re  i s  r a p id  p ro d u c tio n  o f  a s o lu b le  

and r e l a t i v e l y  s ta b le  c o lo u r .  N-f-?- su lp h a  to  e t h y l -  

m - to lu id in e  h a s  p roved  a r e l i a b l e  r e a g e n t  e s p e c ia l ly  when 

d e a l in g  w ith  v e ry  sm a ll am ounts o f  b lo o d  (Bose e t  a l . . 97 ) .

As r e g a rd s  su lp h a n ila m id e , a l l  th e  n e c e s s a ry  d a ta  

a s  to  e s t im a t io n  i n  th e  b lo o d  and u r in e  a re  a lre a d y  

a v a i la b le  i n  th e  l i t e r a t u r e ,  b u t  th e  s p a r in g  s o l u b i l i t y  

o f  th e  su lphone d ru g s  h a s  p re s e n te d  c e r t a i n  d i f f i c u l t i e s .  

C onsidered  p u re ly  a s  ch em ica l a n a ly s i s ,  i t  i s  a p p a re n t 

t h a t  th e  sm a ll c o n c e n tr a t io n s  re ac h e d  in  b lo o d  o r  u r in e  

a re  q u i te  u n s a t i s f a c to r y  f o r  r e l i a b l e  c o lo r im e tr ic  

r e s u l t s ,  e s p e c i a l ly  w ith  th e  m inu te  q u a n t i t i e s  employed 

when th e  e x p e rim e n ta l an im al i s  th e  m ouse.

Ihe  d i s t r i b u t i o n  o f  su lp h a n ila m id e  th ro u g h o u t th e  

body a f t e r  a d m in is t r a t io n  and a ls o  th e  r a t e  o f  e x c re t io n  

o f  th e  d ru g  have b een  s tu d ie d  by many w o rk e rs , and w h ile  

much o f  th e  p u b lis h e d  work was c a r r i e d  o u t  on  l a r g e r
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an im als  (d o g s , r a b b i t s ,  e t c , , ) *  o n ly  t h a t  d e a l in g  w ith  

d rug  c o n c e n tr a t io n s  in  th e  mouse need  be c o n s id e re d  h e r e ,  

F e in s  to n e  e t  a l . ( 26 ) w ith  a  s in g le  su b cu tan eo u s in j e c t i o n  

o f  6 to  lGmg, p e r  2Gg. m ouse, found t h a t  th e  maximum 

b lo o d  c o n c e n tr a t io n  was reac h ed  in  one h o u r , and o n ly  a 

t r a c e  co u ld  be found a f t e r  9 to 10 h o u rs . W ith o r a l  

a d m in is t r a t io n  th e  v a lu e s  were lo w e r . M a rsh a ll e t  a l ,  (72) 

d e te c te d  no d i f f e r e n c e  i n  th e  r a p i d i t y  o f  r i s e  to  a 

maximum b lo o d  c o n c e n tr a t io n  fo llo w in g  d i f f e r e n t  m ethods 

o f  a d m in is t r a t io n .  uhe v a lu e  re a c h e d  a maximum i n  J  to  

1  h o u r and h ad  f a l l e n  to  a low  l e v e l  i n  5 6 h o u rs .

Hbare (46) n o te d  to x ic  symptoms -  in c o o rd in a t io n  o f  lim b s , 

d i f f i c u l t y  i n  w a lk in g , e t c ,  -  a f t e r  a su b cu tan eo u s dose 

o f  ^Omg., b u t  re c o v e ry  to o k  p la c e  i n  ab o u t 6 h o u rs . Long 

e t  a l . ( 65 ) a l s o  o b se rv e d  to x ic  symptoms fo llo w in g  two d o ses 

each  o f  g iv e n  su b c u tan e o u s ly  a t  an  i n t e r v a l  o f  3 h o u rs ,

b u t  th e se  d isa p p e a re d  w ith in  4 h o u rs . From c o n s id e r a t io n  

o f  th e  aboVe o b s e rv a tio n s  on  a b s o rp tio n  and e x c re t io n  i t  

seems n e c e s s a ry  to  g iv e  r e g u la r  do ses  o f  su lp h a n ila m id e



ev e ry  few h o u rs  in  o r d e r  to  m a in ta in  a s u f f i c i e n t l y  h ig h  

c o n c e n tr a t io n  i n  th e  b lo o d  to  b r in g  ab o u t th e  d e s ire d  

th e r a p e u t ic  e f f e c t .

A u tho r?s E x p e rim e n ts .

The m ice u sed  f o r  a l l  th e  t o x i c i t y  and th e ra p e u t ic  

e s t im a tio n s  were h e a l th y  an im als  w eigh ing  18 to  23g * . 

ihey  were k e p t  s e p a r a te ly ,  each  in  a  g la s s  j a r  ( 9 11 h ig h , 

d ia m e te r , f i t t e d  w ith  a w ire  gauze l i d )  c o n ta in in g  

i ” d ry  saw dust and changed a t  w eekly i n t e r v a l s .  F eed ing  

c o n s is te d  o f  a d a i ly  a llow ance  o f  a 1 ” cube o f  s t a l e  b read  

soaked i n  a  m ix tu re  o f  eq u a l p a r t s  o f  m ilk  and w a te r , 

w h ile  a su p p ly  o f  ab o u t 3 to  3s* o f  o a t s  was in tro d u c e d  

w ith  th e  f r e s h  saw dust each  week* A ll  th e  d o ses  o f  d rug  

g iv e n  in  th e  t e x t  and in  th e  t a b le s  a re  c a lc u la te d  f o r  a 

mouse o f  s ta n d a rd  w eig h t -  2Gg.

Table I I  sum m arizes th e  r e s u l t s  o b ta in e d  e x p e rim e n ta lly  

w ith  su lp h a n ila m id e . L oses o f  up to  lQQmg* were t o l e r a t e d ,  

and a lth o u g h  2 m ice d ie d  fo llo w in g  a d m in is t r a t io n  o f  

133mg*j o th e r  m ice were u n a f fe c te d  by l 67mg. and 200m g..
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’th e se  la r g e  d o se s , how ever, a re  n e c e s s a r i ly  g iv e n  i n  th e  

form  o f  su sp e n s io n s  o f  th e  d ru g , and th e r e fo r e  th e  r a t e  o f  

a b s o rp tio n  in to  th e  b o d y - f lu id s  i s  th e  d e c id in g  f a c to r  in  

d e te rm in in g  t o x i c i t y .  No m arked to x ic  symptoms were 

o b se rv e d  a p a r t  from  a tem porary  l o s s  o f  w e ig h t i n  some 

cases*

W hile L i tc h f ie ld * s .  d r u g - d ie t  m ethod (p . 1 } )  o f  

a d m in is t r a t io n  o f  su lp h a n ila m id e  ap p eared  to have a  g r e a t  

d e a l  in  i t s  fa v o u r , e a r ly  r e s u l t s  w ith  la r g e  p a r e n t e r a l  

do ses  o f  su lp h a n ila m id e  i n  e x p e rim e n ta l h aem o ly tic  

s t r e p to c o c c a l  in f e c t io n s  gave such  fa v o u ra b le  r e s u l t s  

(se e  i 'ab le  V II I )  t h a t  su b cu tan eo u s dosage was c o n tin u e d , 

e s p e c ia l ly  a s  t h i s  was th e  m ost s u i t a b le  m ethod o f  adm in is

t r a t i o n  o f  th e  su lp h an e  d ru g s  w hich  were b e in g  compared 

w ith  su lp h a n ila m id e . A u n ifo rm  method i n  com paring th e

two ty p e s  o f  d rug  ap p eared  d e s i r a b le  even a lth o u g h  th e re  

seems to  be no ch em ica l r e l a t io n s h ip  betw een th e  su lphones 

and su lp h a n ila m id e  w hich  would e x p la in  th e  ch em o th e rap eu tic  

a c t io n  o f  th e  fo rm er i n  some such  manner a s  t h a t  o f
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P r o n to s i l  ( s e e  p . 2 ) .

As r e g a rd s  a b s o rp tio n  o f  su lp h a n ila m id e , even a la rg e  

dose o f  l 67mg. in j e c t e d  su b c u tan eo u sly  in  th e  form  o f  a 

su sp e n s io n  was found to  be co m p le te ly  ab so rb ed  by th e  

t i s s u e s  when th e  mouse was exam ined -post mortem s ix  days 

l a t e r ,  no t r a c e  o f  any u n d is s o lv e d  d rug  b e in g  v i s i b l e  a t  

th e  s i t e  o f  i n j e c t i o n .

4 :4  * -DIAMIND-DIPHENYh-SULPBQNE.

4 :4 f-d ia m in o -d ip h e n y l-su lp h o n e  was f i r s t  in v e s t ig a te d  

by B u t t le  e t  a l . ( 1 7 )  f o r  ch em o th e rap eu tic  p r o p e r t i e s .  I t  

i s  a  cream y-w hite  powder o f  low s o l u b i l i t y  -  O .Q lg. p e r  

IQQcc* i n  w a te r  a t  ro o m -tem p e ra tu re , Q.Q5g. p e r  lQGcc. in  

f,h o t tt w a te r .  B u t t le  s t a t e d  t h a t  th e  d iam in o -su lp h o n e  by 

o r a l  a d m in is t r a t io n  was 10 tim es  a s  to x ic  a s  su lp h a n ila m id e  

when a s in g le  dose was g iv e n  -  ab o u t 5mg. t o l e r a t e d  by a 

2Qg. mouse -  and 25 tim es  a s  to x ic  when re p e a te d  d a i ly .  

Ib u rn e au  e t  a l*(3Q ) gave th e  t o l e r a t e d  o r a l  dose a s  5^8 •

p e r  20g« m ouse, and F e in s to n e  a t  a l , ( 26 ) a s  l> n g . p e r  20g , 

mouse w hether a s  a  s in g le  dose o r  d i s t r i b u t e d  o v e r  5 d ay s .
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A uthor *s E x p e rim e n ts#

I 'ab le  I I I  shows th e  ex p e rim e n ta l r e s u l t s  o b ta in e d  w ith  

d ia m in o -d ip h e n y l-su lp h o n e , and in c lu d e s  some e a r l i e r  

r e s u l t s  from  th e  la b o ra to ry  r e c o rd s  (se e  p . 8 ) .  W ith 

s in g le  d o ses  lOmg* cau sed  th e  d e a th  o f  4 o u t  o f  6 m ice, 

though  l a r g e r  am ounts o c c a s io n a l ly  cau sed  o n ly  to x ic  and 

n o t  l e t h a l  e f f e c t s .  W ith d iv id e d  d o se s , a  t o t a l  o f  8mg. 

g iv e n  a s  two d o ses i n  5 h o u rs  was l e t h a l  f o r  2 o u t  o f  4 m ice, 

b u t th e  same amount g iv e n  in  th r e e  d o ses  o v e r  24 h o u rs  was 

r e a d i ly  t o l e r a t e d ,  w h ile  llm g . i n  th re e  d o se s  o v e r  24 h o u rs  

caused  o n ly  tem porary  l o s s  o f  w e ig h t. ihe o th e r  ty p ic a l  

to x ic  symptoms m a n ife s te d  were in c o o rd in a t io n  o f  movement 

and e x c i t a b i l i t y .

As re g a rd s  a b s o rp tio n  o f  th e  d rug  from  th e  subcu taneous 

d e p o s i t ,  a  s in g le  dose o f  was found to  be co m p le te ly

ab so rb ed  from  th e  s i t e  o f  i n j e c t i o n  w ith in  4 d ay s , w h ile  a 

s l i g h t  d e p o s i t  o f  d rug  from  an  i d e n t i c a l  dose was s t i l l  

v i s i b l e  2 days a f t e r  i n j e c t i o n .  Long and B l i s s  (67 , p *78) 

o b se rv e d  t h a t  though  a b s o rp tio n  o f  th e  d ru g  fo llo w in g
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sm a ll o r a l  doses was r a p id  and f a i r l y  co m p le te , b lood  

c o n c e n tr a t io n s  were m a in ta in e d  lo n g e r  th a n  in  th e  ca se  o f  

s u lp h a n ila m id e . F e in s  tone  e t  aJL ♦ (2 6 ) , a ls o  g iv in g  o r a l  

d o se s , found th e  maximum b lood  l e v e l  a t  1 h o u r and a f a i r  

amount o f  d rug  s t i l l  p r e s e n t  in  c i r c u l a t i o n  6 h o u rs  l a t e r ,  

b u t a s  th e  dose was in c re a s e d  above 4mg, a l im i t i n g  v a lu e  

was reac h ed  f o r  th e  c o n c e n tr a t io n  in  th e  blood#

4 : 4 1 - P I  AGE iYLAMIE) -h  I  PHENYL- SULPED NE.

When th e  d ia m in o -d ip h e n y l-su lp h o n e  i s  a c e ty la te d  to 

g iv e  4 :4 * -d ia c e ty la m in o -d ip h e n y l-s u lp h o n e  th e  t o x i c i t y  o f  

th e  compound i s  c o n s id e ra b le  low ered  (F ouraeau  e t  a l . ,  50)• 

Long and B l i s s  (67 , p .5 2 )  c o n s id e re d  t h i s  to  be due to 

p o o r a b s o rp tio n  o f  th e  d rug  and a low rat©  o f  co n v e rs io n  to 

th e  to x ic  n o n -a c e ty la te d  form . the  d ia c e ty l  compound i s  a  

w h ite  powder o f  low s o l u b i l i t y ,  l e s s  th an  JO p a r t s  b e in g  

d is s o lv e d  p e r  m i l l io n  p $ r t s  o f  w a te r , and , a s  in  th e  ca se  

o f  th e  d iam in e -su lp h o n e , i s  g e n e ra l ly  u sed  in  th e  form  o f  

a su sp e n s io n . A t r a c e  o f  a chem ical d i s p e r s in g  a g e n t such 

a s  D is p e rs a l  OG (an  a u x i l i a r y  p ro d u c t farr th e  d y e in g  tr a d e
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p re p a re d  by Im p e r ia l  Chemical I n d u s t r i e s  L im ited ) may be 

added*

E aurneau e t  a l , ( 30) s t a t e d  t h a t  m ice t o l e r a t e d  200mg# 

p e r  o s , M o lito r  e t  a l* (7 9 )  4Q0mg, p e r  o s , and B u t t le  e t  a l ,  (15) 

SQOmg. p e r  o s , w h ile  B e in sto n e  e t  a l . ( 2 6 )  a ls o  p la c e d  th e  

o r a l  t o l e r a t e d  dose a t  o v e r  4Q0mg..

A u th o r ^  E x p e rim en ts ,

As shown in  i ‘a b le  IV, su b cu tan eo u s d o ses  o f  200mg, 

and 330^ 8 * were v e ry  w e ll  t o l e r a t e d  by m ice . ihe d ep o t 

o f  d rug  a t  th e  s i t e  o f  i n j e c t i o n  was v e ry  slow ly  ab so rb ed ; 

and even 3i  m onths a f t e r  a dose o f  50m g., th e re  was s t i l l  a 

d e p o s it  i n  th e  su b cu tan eo u s t i s s u e .  ihe  q u e s tio n  m ust be 

l e f t  open w h e th e r, a s  H i t t i  e t  a l . ( 9 0 ) b e l ie v e ,  th e  

d ia c e ty l- s u lp h o n e  i s  s lo w ly  h y d ro ly se d  and ab so rb ed  a s  th e  

co r r e  ©ponding d ia m in o -su lp h o n e .
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4 : 4 1 -dO BO ACE lYh-LIAMIlffQ -PIPEESJYIf SULPHDME. 

ihe mono a c e ty l  d e r iv a t iv e  o f  d iam in o -d ip h en y l-su lp h o n e  

h a s  been found v e ry  e f f e c t iv e  in  th e  tre a tm e n t by 

su b cu tan eo u s i n j e c t i o n  o f  mice in f e c te d  w ith  h aem o ly tic  

s t r e p to c o c c i  (Browning, 6 ) ,  Eburneau (29) in  th e  co u rse  o f  

re v ie w in g  th e  o rg a n ic  su lp h u r  d e r iv a t iv e s  in c lu d in g  th e  

d ip h e n y l-s u lp h o n e s , p a s se d  o v e r  th e  m onoacety l compound a s  

o f  l i t t l e  i n t e r e s t ,  s in c e  i t  was a s  to x ic  a s  th e  co rre sp o n d in g  

non“* a c e ty la te d  su l^ h o n e , and he does n o t  ap p e a r  to  have 

t e s t e d  i t s  th e r a p e u t ic  e f f i c i e n c y .  On th e  c o n t r a ry ,  th e  

p r e s e n t  e x p e rim e n ta l f in d in g s  have shown th e  mo no a c e ty  1—sulphene 

to  be o f  v e ry  g r e a t  a c t i v i t y  d e s p i te  a c e r t a i n  deg ree  o f  

t o x i c i t y  f o r  m ice , w hich , how ever, i s  much l e s s  th a n  th a t  

o f  th e  n o n -a c e ty la te d  s u b s ta n c e .

A u th o r ^  E x p e rim en ts .

L ike th e  o th e r  two feulphone compounds a l r e a d y  

c o n s id e re d , t h i s  i s  a w h ite  powder R e la t iv e ly  in s o lu b le  

i n  w a te r  and so r e a d i ly  a d m in is te re d  i n  th e  form o f  a 

su sp e n s io n . A lthough  th e  drug h a s  a v e ry  low s o l u b i l i t y



-  c e r t a in ly  l e s s  th a n  l .Q g . p e r  l,QQQce, i n  w a te r  a t  room- 

te m p era tu re  -  th e re  i s  ample ev id en ce  o f  i t s  a b s o rp tio n  in to  

th e  b o d y - f lu id s ,  a s  shown by th e  r a p id  appearance  o f  ty p ic a l  

to x ic  m a n if e s ta t io n s .  Mice w hich r e c e iv e d  a s in g le  feed  

o f  b read  to  w hich was added 1:100  o r  1:200  su sp e n s io n  o f  

d ru g  a t  th e  r a t e  o f  I c e ,  p e r  20g , mouse (10 o r  ©-11

showed g r e a t  e x c i t a b i l i t y ,  in c o o rd in a t io n  o f  movements, 

and u n s te a d in e s s  w ith in  1-g- h o u rs  a f t e r  f e e d in g , th e se  

symptoms g ra d u a l ly  d is a p p e a r in g  d u r in g  th e  n e x t  4  o r  3 h o u rs , 

ihe fo llo w in g  day , a f t e r  th e  n e x t  f e e d ,  w hich  c o n ta in e d  no drug 

b u t was sim ply  a s im i la r  cube o f  b read  soaked i n  d i lu t e d  

m ilk , th e re  was a tem porary  r e c u r r e n c e 'o f  th e  n erv o u s  

symptoms due a p p a re n tly  to  f u r t h e r  a b s o rp tio n  o f  d rug  

from th e  r e s id u e  o f  th e  p re v io u s  d ay ’s dose n o t  y e t  f u l l y  

e x c re te d . O ra l  a d m in is t r a t io n  was n o t  e x te n s iv e ly  t e s t e d  

owing to  th e  e x c e l l e n t  r e s u l t s  g iv e n  by su b cu tan eo u s 

i n j e c t i o n  w ith  th e  fo rm a tio n  o f  a d ep o t o f  d ru g .

When th e  m o n o ace ty i-su lp h o n e  was i n j e c t e d  su b c u ta n e o u s ly , 

ev id en ce  o f  a b s o rp t io n  o f  th e  drug  by m ice was a g a in  shown



"by marked e x c i t a b i l i t y  w ith, in c o o rd in a t io n  o f  movements 

w hich fe t a r  te d  w ith in  2 o r  3 h o u rs  o f  in j e c t io n ;  «nd th o se  

symptoms m ig h t c o n tin u e  f o r  3 days* A dose o f  20mg, 

o c c a s io n a l ly  caused  d e a th  w ith in  a few days a lth o u g h  

o th e r  an im als  showed o n ly  tem porary  to x ic  symptoms 

fo llo w in g  d o ses o f  JJQmg* and 200mg. g iv e n  in  th e  form o f  

th ic k  aqueous su sp en sio n s*  D epending on th e  i n i t i a l  

amount i n j e c t e d ,  th e  d ep o t o f  d ru g  slo w ly  d im in ish e s  in  

s iz e  o v e r  a p e r io d  o f  s e v e r a l  w eeks. A s in g le  dose o f  

lOGmg. was co m p le te ly  ab so rb ed  from  th e  s i t e  o f  i n j e c t i o n  

w i th in  3fr m onths, w h ile  w ith  th r e e  d o ses  o f  6 .7 mS*j 4 .0m g., 

and 4,0mg* in j e c t e d  a t  0 , 5* an& 24 h o u rs  (I4 .7m g. i n a a l l )  

com plete  a b s o rp t io n  to o k  8 to  11 w eeks, and a  s in g le  

dose o f  lOmg. 6 w eeks.



SUMMARY QF UQXICHY EBStlhifi IDE SULPH) Hh DRUG-S.

ihe  th re e  su lp b o n es  v a r ie d  i n  t o x i c i t y  -  th e  n o n - 

a c e ty la te d  compound b e in g  th e  m ost to x ic  and th e  d ia c e ty ia te d  

compound th e  l e a s t  -  b u t  i t  seemed a d v is a b le  to g iv e  a l l  

th r e e  by th e  t r i p l e  dosage m ethod th e re b y  b u i ld in g  up th e  

d ru g  d ep o t o v e r  24 h o u rs  and th u s  a v o id in g  th e  p o s s i b i l i t y  

o f  a s in g le  la r g e  dose h av in g  a c r i t i c a l  to x ic  e f f e c t ,  

ih e  system  o f  optimum o r  s ta n d a rd  dosage d ec id ed  on  from 

c o n s id e r a t io n  o f  th e  t o x i c i t y  r e s u l t s  i s  shown in  ih b le  V* 

A c e ty la t io n  o f  an  am ino-group h as  f r e q u e n t ly  been 

nofced to  red u ce  th e  t o x i c i t y  o f  th e  su b s tan ce  f o r  th e  h o s t  

w h ile  le a v in g  th e  ch em o th e ra p eu tic  e f f e d t  w e ig h t f o r  

w e ig h t p r a c t i c a l l y  unchanged, and th u s  a llo w in g  a h ig h e r  

dosage to  be a d m in is te re d  w ith  th e  p o s s i b i l i t y  o f  a more 

p o w erfu l th e r a p e u t ic  e f f e c t  (Browning e^t a l« ,  7> Ib u m e a u  

e t  a l « , 29)* In  th e  ca se  o f  th e  th re e  su lp h o n es  now u n d er 

c o n s id e r a t io n ,  a c e ty l a t i o n  o f  th e  am ino-groups may be 

re g a rd e d  a s  ta k in g  p la c e  in  two s ta g e s  — th e  d i amino —su lphone 

to  th e  mono a c e ty l—sulphone and thence  to th e  d ia c e  ty lam ino—



d ip h e n y l-su lp ia o n e* tb.© t o x i c i t y  o f  the compounds d im in ish es  

i n  t h i s  same o rd e r  to g e th e r  w ith  the s o l u b i l i t y ,  and 

th e r e f o r e  th e  r a t e  o f  a b s o rp t io n  from  th e  d rug  d e p o t  a lso  

d e c re a s e s .  S ince th e r a p e u t ic  e f f ic ie n c y  depends g r e a t l y  

on th e  m ain tenance  o f  an  ad eq u a te  d ru g -c o n c e n tra t io n  in

th e  b lo o d , th e  b e s t  r e s u l t s  would th e r e fo r e  be ex p ec ted  

from  th e  m onoacety l compound due to i t s  in te rm e d ia te

r a t i n g  a s  re g a rd s  a b s o rp t io n .  I f  th e  th e r a p e u t ic  e f f e c t

i s  due to th e  p re se n c e  o f  the  n o n -a c e ty la te d  compound

and , a s  su g g e s ted  by N i t t i  e t  a l . ( 90 ) ,  th e  d ia c e ty l- s u lp h o n e

a c t s  by b e in g  g ra d u a l ly  hydro3-ysed w ith  fo rm a tio n  o f  the

d iam in o -su lp h o n e , th en  th e  more r a p id  a b s o rp tio n  o f  th e

m onoacety l—sulphone m igh t be e x p la in e d  a s  due to a

s im i la r  h y d ro ly s is  w ith , i n  t h i s  c a s e , a  s in g le  a c e t y l -

group in v o lv e d . When the  n o n -a c e ty la te d  su lphone i s

a d m in is te re d  su b c u tan eo u sly  in  maximum to l e r a t e d  doses

i t  i s  v e ry  q u ic k ly  ab so rb ed  ( ta b le  V ). the  r e l a t i o n  o f

t h i s  v a ry in g  r a t e  o f  a b s o rp tio n  to  the  th e ra p e u t ic  r e s u l t s
L

o b ta in e d  e x p e r im e n ta lly  w i l l  be co n sed ered  in  S e c tio n  II*
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EXPERIMENTAL BACTERIAL INFECTIONS.

F or a s s e s s in g  th e r a p e u t ic  a c t i v i t y  i t  i s  e s s e n t i a l  

to  s e l e c t  b o th  th e  ty p e  o f  i n f e c t io n  and th e  h o s t  w hich 

w i l l  g iv e  c o n s i s te n t  r e s u l t s  i n  r e p e a te d  t r i a l s  and so 

a llo w  a  com parison  o f  th e  e f f i c a c y  o f  th e  v a r io u s  d ru g s 

u n d er c o n s id e ra tio n *

The w h ite  mouse h a s  been w id e ly  a c c e p te d  a s  a  v e ry  

s u i t a b le  e x p e rim e n ta l an im al*  I t  i s  r e l a t i v e l y  cheap 

and th e r e f o r e  l a r g e  num bers may be employed in  o rd e r  to  

g iv e  s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s *  The in d iv id u a l

re sp o n se  $o i n f e c t io n  a ls o  i s  supposed to  v a ry  f e r y  l i t t l e  

from  an im al to  a n im a l , a lth o u g h  e x p e rim e n ta l r e s u l t s  to  

be d e t a i l e d  l a t e r  d em o n stra te  th e  im portance  o f  th e  

"mouse fac to r* ' and i t s  e f f e c t  on th e  u l t im a te  su c c e s s  o r
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f a i l u r e  o f  th e ra p y •

Throughout th e  t h e s i s ,  a l l  c a lc u l a t i o n s  o f  

" s t a t i s t i c a l  s ig n i f ic a n c e ?  have been  made by th e  s im p l i f ie d  

m ethod o f  L oew enthal and W ilson (64) • T h is  i s  a  

m o d if ic a t io n  o f  F i s h e r fs  f a c t o r i a l  m ethod o f  c a lc u la t io n  

o f  p r o b a b i l i ty  and was d e v ise d  a s  a  means o f  com paring 

e x p e rim e n ta l r e s u l t s  when th e  t o t a l  num bers a re  sm a ll o r  

when th e re  i s  u n av o id ab le  in e q u a l i ty  in  th e  s iz e s  o f  th e  

s e r i e s  com pared. The d i f f e r e n c e s  betw een ex p e rim e n ta l 

r e s u l t s  a r e  c l a s s i f i e d  a s  "h ig h ly  s i g n i f i c a n t " ,  

" s i g n i f i c a n t " ,  o r  "o f  no s t a t i s t i c a l  s ig n i f i c a n c e " .

The in f e c t iv e  a g e n t m ust be s e le c te d  p r im a r i ly  f o r  

i t s  power to  p roduce in  th e  h o s t  a co u rse  o f  i n f e c t io n  

w hich can  be r e a d i ly  rep ro d u ced  w ith  l i t t l e  o r  no 

m o d if ic a t io n  in  su c c e s s iv e  ex p e rim e n ta l s e r i e s .  A g r e a t  

v a r i e t y  o f  o rgan ism s h a s  been employed in  v iv o  

e x p e r im e n ta lly  w ith  th e  su lphanam ide d ru g s -  s t r e p to c o c c i , ,  

s ta p h y lo c o c c i,  g o n o co cc i, m en ingococci, B. ty p h o su s ,

B. c o l i ,  B. f r i e d la n d e r , B« p r o te u s , a e r t r y o k e . and
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P a s te u r e l l a  -  and many o f  th e se  a re  r e a d i ly  ad ap ted  by 

an im al p assag e  to  g iv e  a co u rse  o f  in f e c t io n  s u i t a b le  f o r  

t e s t i n g  d ru g  th e ra p y . The v i r u le n c e  o f  an o rgan ism , 

i . e .  i t s  power to  in v ad e  th e  body o f  th e  h o s t  and produce 

d is e a s e ,  o f te n  v a r i e s  from  one s p e c ie s  o f  an im al to  a n o th e r , 

and a s t r a i n  f r e s h ly  i s o l a t e d  from  a human so u rce  may n o t  

a t  f i r s t  ap p e a r  to  p o s s e s s  a h ig h  d eg ree  o f  v i r u le n c e  f o r  

a  d i f f e r e n t  h o s t .  T h is  i s  w e ll  i l l u s t r a t e d  i n  th e  ca se  o f  

th e  h aem o ly tic  s tr e p to c o c c u s  w hich was th e  o rgan ism  

em ployed i n  th e  p r e s e n t  w ork. 86 s t r a i n s  o f  h aem o ly tic  

s t r e p to c o c c i  o f  human o r ig in  (m ain ly  from  su p p u ra tiv e  

le s io n s )  have been  i s o l a t e d  i n  p u re  c u l tu r e  i n  t h i s  

la b o ra to ry  and a dense b ro th  em ulsion  from  a 24 ho u r a g a r  

c u l tu r e  i n  each  c a se  in j e c t e d  in t r % p e r i to n e a l ly  in to  mice 

i n  c o n s id e ra b le  dose -  0 .3  to  0 . 5co** 31 o f  th e  s t r a i n s

were s u f f i c i e n t l y  v i r u l e n t  a t  f i r s t  to  cause  d e a th , b u t 

on  f u r th e r  p assag e  l o s t  v i r u le n c e  o r  i n  a few c a s e s  produced  

lo c a l  l e s io n s  a lo n g  th e  t r a c k  o f  th e  i n f e c t i n g  n e e d le  in s te a d  

o f  g e n e ra l  s e p tic a e m ia . W ith o n ly  28 s t r a i n s  v i r u le n c e
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was m a in ta in e d  o r  in c re a s e d  d u r in g  su cceed in g  an iraal 

p a s sa g e s  and 10 o f  th e s e  s t r a i n s  were u sed  in  v a r io u s  

th e r a p e u t ic  t r i a l s .  The rem a in in g  27 p ro v ed  to  be com plete ly  

n o n - v i r u le n t  tow ards m ic e .

S t r a in s  o f  h ae m o ly tic  s t r e p to c o c c i  o f  n a t u r a l l y  

h ig h  v i r u le n c e ,  and e s p e c ia l ly  th o se  i n  w hich enhancem ent 

o f  v i ru le n c e  h a s  o c c u rre d  a s  th e  r e s u l t  o f  p a s sa g e , r e a d i ly  

p roduce se p tic a e m ia  when in j e c t e d  i n t r a p e r i t o n e a l l y ,  w ith  

d e a th  o f  th e  mouse o c c u r r in g  i n  a b o u t 24 h o u r s .  An 

i n f e c t io n  o f  t h i s  n a tu re  h a s  th e  g r e a t  advan tage  o f  

r e g u l a r i t y  o f  a c t io n  o v e r  s t r a i n s  o f  a more c h ro n ic  o r  

su b -a c u te  c h a r a c te r ,  even a l th o u g h  such  a  r a p id  co u rse  

a llo w s  o n ly  a  s h o r t  tim e i n  w hich s u c c e s s fu l  th e rq p y  can 

p la y  i t s  p a r t  i n  a v e r t in g  th e  d e a th  o f  th e  h o s t .

lo n g  and B l i s s  ( 67 , p . 2 3 ) , from  a s tu d y  o f  p u b lis h e d  

r e s u l t s  w ith  ex p e rim e n ta l s t r e p to c o c c a l  i n f e c t io n s  su g g e s ted  

a  s ta n d a rd  m ethod f o r  t e s t i n g  new ch em o th e rap eu tic  compounds 

i n  w hich s t r a i n s  o f  s t r e p to c o c c i  o f  maximal v i r u le n c e  f o r  

m ice and b e lo n g in g  to  L a n c e f ie ld  Group A sh o u ld  be em ployed.
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They s t a t e d  t h a t  L a n c e f ie ld  Group B s t r a i n s  -  e i t h e r  o f  

Bovine o r  human o r i g i n  ~ were q u ite  r e s i s t a n t  to  sulphonam ide 

th e ra p y  w h ile  L a n e e f ie ld  Group A s t r a i n s  « w hich in c lu d e  

many o f  th o se  c a u s in g  in f e c t io n s  i n  human b e in g s  -  were 

s u s c e p t ib le  to  such  tre a tm e n t*  I t  h a s  a ls o  been  p o in te d  

o u t  by v a r io u s  w orkers t h a t  i n f e c t io n s  due to  s t r e p to c o c c i  

o f  low mouse v i r u le n c e  a r e  n o t  a f f e c t e d  by su lp h an ilam id e  -  

th e  u s u a l  e x p la n a t io n  f o r  t h i s  b e in g  th e  v e ry  la r g e  number 

o f  o rg an ism s in o c u la te d *

The q u e s t io n  o f  th e  p re se n c e  o f  c a p s u le s  can  a ls o  be 

c o n s id e re d  a t  t h i s  s tag e*  Some s t r a i n s  o f  s t r e p to c o c c i  

a r e  r e d d i ly  shown by e o s in  r e l i e f  s t a in in g  to  p o s s e s s  c a p su le s  

s im i la r  to  th o se  o f  th e  pneum ococci, a  p ro p e r ty  w hich may 

w e ll  a f f e c t  b o th  v i r u le n c e  and re sp o n se  to  th e ra p y . F or 

in s ta n c e ,  a s  w i l l  be shown, th e  K ruger s t r a i n  o f  h aem o ly tic  

s t r e p to c o c c u s  was o r i g i n a l l y  a n o n -c a p s u la te d  o rg an ism , 

p ro d u c in g  in f e c t io n s  r e a d i ly  s u s c e p t ib le  to  su lp h a n ila m id e , 

b u t l a t e r  deve loped  a cap su le*  W hile th e  ap p earan ce  o f  

c a p s u le s  a ls o  c o in c id e d  w ith  c o n s i s te n t ly  h ig h  v a lu e s  i n
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e s t im a tio n s  o f  v i r u le n c e ,  th e re  was no ev idence  o f  in c re a s e d  

c u r a b i l i t y  o f  th e  i n f e c t io n  by su lp h a n ila m id e  b e in g  

a s s o c ia te d  w ith  th e  in c re a s e  i n  v iru le n c e *  Such in c re a s e d  

c u r a b i l i t y  m igh t have been  ex p ed ted  a c c o rd in g  to  th e  v iew  

t h a t  s t r a i n s  w ith  h ig h  m ouse-*virulence a r e  more s u s c e p t ib le  

to  sulphonam ide th e ra p y  th a n  s t r a i n s  o f  low v i r u le n c e .  

A c tu a l ly ,  th e  n o n c a p s u la te d  p h ase  o f  th e  s t r a i n  was 

a l r e a d y  h ig h ly  v i r u l e n t  f o r  m ice , and th e  p re se n c e  o f  

c a p s u le s  s u p p lie d  an  a d d i t io n a l  p r o te c t io n  f o r  th e  

organism s* S c h lo ss b e rg e r  and B ar (104) i n  a v e ry  sm a ll

number o f  ex p e rim en ts  on tr e a tm e n t w ith  su lp h a n ila m id e , 

a u ro -d e  to x in ,  o r  s p e c i f i c  a n tise ru m  i n  m ice in o c u la te d  w ith  

h aem o ly tic  s t r e p to c o c c i ,  p o in te d  o u t  t h a t  th e  a d d i t io n  

o f  m ucin to  th e  inoculum  p r o te c te d  th e  in v a d in g  o rgan ism s 

a g a in s t  a l l  th r e e  form s o f  trea tm en t*  They deduced from  

t h i s  t h a t  th e  mode o f  a c t io n  o f  su lp h a n ila m id e  m ust be 

s im i la r  to  t h a t  o f  s p e c i f i c  a n t ib o d ie s  i n  th e  homologous 

a n t i  serum; a  s im p le r  and more l i k e l y  e x p la n a t io n  i s  t h a t  

th e  m ucin c o n fe rs  on th e  o rg an ism s in c re a s e d  p r o te c t io n



a g a in s t  a l l  d e fen ce  mechanisms w h eth e r i n  th e  form  o f  d rug  

o r  a n t ib o d ie s  i n  t r e a t e d  an im a ls  o r  th e  norm al d e fe n s iv e  

p ro c e s s e s  i n  u n tr e a te d  a n im a ls ,

ESTIMATION OF VIRULENCE*

The v ir u le n c e  o f  th e  c u l tu r e s  o f  s t r e p to c o c c i  was 

a s s e s s e d  by m aking d i l u t i o n s  i n  b ro th  from  a 24 h o u r c u l tu r e  

o f  th e  o rgan ism s i n  h o r s e - h e a r t  in f u s io n  b r o th  c o n ta in in g  

1 p e r  c e n t ,  p ep to n e  and in o c u la t in g  a  s e t  o f  mice 

i n t r a p e r i t o n e a l l y  w ith  0 ,2 5  to  Q*3e e ,  o f  e ach  o f  th e  v a r io u s  

d i l u t i o n s .

I n  m aking th e  d i l u t i o n s  o f  c u l tu r e ,  th e  q u e s tio n  a ro se  

a s  to  w h eth er th e  u se  o f  one p i p e t t e  th ro u g h o u t m igh t te n d  

to  in tro d u c e  an  a p p re c ia b le  e r r o r  i n  th e  h ig h e r  d i l u t i o n s  

due to  th e  c a r ry in g -o v e r  on th e  p ip e t t e  o f  a s l i g h t l y  r i c h e r  

t r a n s f e r  th a n  was in te n d e d , A number o f  t e s t s  was 

a c c o rd in g ly  c a r r i e d  o u t  i n  d u p l ic a te  on s e v e r a l  d i f f e r e n t  

c u l tu r e s ,  an  i n i t i a l  d i l u t i o n  o f  0 , 02v c , o f  c u l tu r e  i n  

1 0 ,0 c c , o f  b ro th  b e in g  ta k e n  a s  1 :5 0 0 , From t h i s  d i l u t i o n  

t e n - f o ld  d i l u t i o n s  were made (1 ) w ith  th e  same p i p e t t e



- 3 5 -

th ro u g h o u t, and ( 2 ) w ith  s e p a ra te  s t e r i l e  p i p e t t e s  f o r  each 

s ta g e  o f  d i lu t io n #  F o r th e  ran g e  1 :5 0 0 ,0 0 0  to  1 :5 0 0 ,0 0 0 ,0 0 0  

i t  i s  seen  from  T able VI t h a t  w ith  method (1 ) a t o t a l  o f  

17 o u t  o f  33 m ice d ie d  i n  24 h o u rs  and w ith  method ( 2 )

14 o u t  o f  22 , w h ile  th e  in d iv id u a l  r e s u l t s  a t  each  l e v e l  

o f  d i l u t i o n  a ls o  showed p r a c t i c a l l y )  no s i g n i f i c a n t  

d if fe re n c e #

The m ost f r e q u e n t  inoculum  employed i n  th e r a p e u t ic  

t e s t s  i s  t e n  tim es  th e  lo w e s t c o n c e n tr a t io n  w hich can 

he c o n f id e n t ly  e x p e c te d  on  th e  b a s i s  o f  r e c e n t  v i ru le n c e  

a sse ssm e n ts  to  k i l l  m ice i n  24 h o u rs , i#e#  th e  minimum 

c e r t a in l y  l e t h a l  dose (M#L«D#)« W ith th e  s t r a i n s  u se d ,

10 M#L.D. was g e n e ra l ly  c o n ta in e d  i n  a d i l u t i o n  o f  1 :1 ,0 0 0  

to  1 :100 ,000#  W ith l e s s  v i r u l e n t  s t r a i n s  o r  s t r a i n s  w hich 

g iv e  i r r e g u l a r  r e s u l t s  i t  i s  b e t t e r  to  u se  an  inoculum  

o f  a t  l e a s t  100 t im es  th e  e s t im a te d  s m a l le s t  l e t h a l  

dose#
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MAINTENANCE OF STRAINS,

S t r a in s  o f  s t r e p to c o c c i  may be m a in ta in e d  by s e v e ra l  

methods* When n o t  r e q u ir e d  f o r  im m ediate u se  th e  o rgan ism s 

may be p re s e rv e d  f o r  v e ry  lo n g  p e r io d s  by rem oving a s e p t i c a l l y  

and k ee p in g  i n  a  vacuum d e s ic c a to r  o v e r  c o n c e n tra te d  

s u lp h u r ic  § c id  th e  s p le e n s  o f  m ice w hich have d ie d  from  a 

l e t h a l  dose o f  c u l tu r e ;  o r  by c u l tu r in g  th e  h e a r t -b lo o d  

i n  b o i le d -b lo o d -b ro th  and f r e e z in g  th e  c u l tu r e  a t t e r  

24 h o u r s ' in c u b a t io n .  Both o f  th e s e  m ethods have y ie ld e d  

grow ths o f  v i r u l e n t  o rg an ism s on  s u b c u ltu re  a f t e r  lo n g  

p e r io d s ,  e .g*  a f t e r  f r f o r  f iv e  y e a r s  a t  ab o u t ~ l6°C , 

When th e  s t r a i n  i s  r e q u ir e d  f o r  th e r a p e u t ic  ex p e rim en ts  i t  

sh o u ld  be p a s se d  two o r  th r e e  tim es  by a l t e r n a t e  m ouse- 

i n o d i l a t i o n  and b ro th  s u b c u l tu r e ,  i« e .  m ice a re  in o c u la te d  

i n t r a p e r i t o n e a l l y  w ith  0 *25cc* o f  p u re  c u l tu r e  and on t h e i r  

d e a th  b ro th  c u l tu r e s  a r e  made from  th e  h e a r t—b lo o d  and 

in c u b a te d  f o r  18 to  24 h o u rs  re ad y  f o r  th e  n e x t  m ouse-passage* 

T h is  h a s  th e  e f f e c t  o f  e n s u r in g  t h a t  th e  v i r u le n c e  o f  th e  

s t r a i n  i s  a t  a h ig h  l e v e l ,  b u t p ro lo n g ed  m ain tenance  o f
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th e  s t r a i n  by t h i s  m ethod may cau se  a l t e r a t i o n s  in  th e  

m orphology and b eh a v io u r  o f  th e  o rg an ism s, a s  w i l l  be 

d e s c r ib e d  l a t e r  in  th e  ca se  o f  th e  K ruger s t r a i n  o f  

s tr e p to c o c c i*

S tu d ie s  on th e  m ain tenance  o f  v i r u l e n t  s t r a i n s  o f  

s t r e p to c o c c i  have p roduced  some i n t e r e s t i n g  f a c t s  w ith  

r e f e r e n c e  to  th e  f r e e z in g  o f  c u l tu re s *  When th e  c u l tu r e  

medium was o rd in a ry  m e a t- in fu s io n  b ro th  c o n ta in in g  1 p e r  cent*  

p ep to n e  b u t no b lo o d , in o c u la te d  by t r a n s f e r  o f  one o r  

more lo o p f u ls  o f  v i r u l e n t  c u l tu r e ,  in c u b a te d  a t  37°C f o r  

24 h o u rs , and th e n  f ro z e n  a t  a b o u t - l 6°C, th e  o rg an ism s 

d ie d  o f f  f a i r l y  r a p id ly .  Such c u l tu r e s  have been  found 

to  be co m p le te ly  innocuous to  m ice when in j e c t e d  a f t e r  

k e e p i n g  f o r  f iv e  days i n  th e  f ro z e n  s t a t e  and to  be 

s t e r i l e  on su b c u ltu re *

I f  th e  c u l tu r e  c o n ta in e d  a  sm a ll amount o f  b lo o d , a s  

was n e c e s s a r i ly  th e  ca se  when th e  h e a r t -b lo o d  o f  a  dead 

mouse was u sed  a s  th e  inoculum , th e  v i r u le n c e  o f  c u l tu r e s  

w§s found to  be unchanged even a f t e r  f r e e z in g  f o r  45 d ays,



’o u t c u l tu r e s  w hich had  been f ro z e n  f o r  9i  m onths -  though 

showing ty p ic a l  o rgan ism s in  s ta in e d  f i lm s ,  o a p s u la te d  a s  

i n  th e  o r i g i n a l  l i v i n g  c u l tu r e  -  n e i th e r  gave grow th on 

s u b c u ltu re  n o r  had  any p a th o g en ic  e f f e c t  when in je c t e d  

u n d i lu te d  in to  m ice . I n d e e d  th e s e  dead c u l tu r e s  c o n fe r re d  

a c e r t a i n  d eg ree  o f  p r o te c t io n  a g a in s t  th e  homologous 

s t r a i n .  Thus 21 m ice re c e iv e d  l ,O c e ,  o f  such  dead c u l tu r e  

i n t r a p e r i t o n e a l l y  in  two w eekly d o ses  o f  l/j> e c , and 2 / 3ce* 

r e s p e c t iv e ly ;  th e  second  dose was fo llo w ed  a week l a t e r  

by in o c u la t io n  w ith  0 , 25c c , o f  a  1 : 100*000 d i l u t i o n  o f  a 

v i r u l e n t  c u l tu r e  o f  th e  same s t r a i n :  10 m ice rem ained w e ll

and th e  o th e r s  d ie d  in  two d ay s , w h ile  th e  6 u n v a c c in a te d  

c o n t r o ls  a l l  d ie d  in  24 h o u rs . These r e s u l t s  a re  

s t a t i s t i c a l l y  s i g n i f i c a n t .

C u ltu re s  made i n  b o i le d -b lo o d -b ro th  c o n ta in in g  5 P®r  

c e n t ,  r a b b i t - b lo o d  have a lo n g  p e r io d  o f  v i a b i l i t y  when 

f ro z e n , th e  o u ts ta n d in g  example b e in g  t h a t  o f  a c u l tu r e  

o f  a  n o n -e a p s u la te d  s t r a i n  i n  t h i s  medium w hich y ie ld e d  

v i r u l e n t  s t r e p to c o c c i  a f t e r  b e in g  k e p t f ro z e n  f o r  f iv e



-5 9 -

y e a r s ,  B efore  b e in g  f ro z e n  t h i s  c u l tu r e  caused  d e a th  in  

24 h o u rs  when 0 .2 5 c c . o f  d i l u t i o n s  up to  1 :1*000 ,000  were 

in j e c t e d  i n t r a p e r i t o n e a l l y ,  and a lth o u g h  on thaw ing  th e  

im d i lu te d  c u l tu r e  to o k  }  days to  k i l l  a  mouse* th e  o r ig in a l  

v i r u le n c e  was m a n ife s te d  by th e  f i r s t  s u b c u ltu re  i n  b ro th  

made d i r e c t l y  from  th e  f ro z e n  c u l tu r e .

The two s t r a i n s  o f  s t r e p to c o c c i  c h i e f ly  u sed  in  th e  

th e r a p e u t ic  t r i a l s  ("K ruger" and Thomson") b o th  p o sse sse d  

h ig h  v i r u le n c e  f o r  m ice .

STRAINS OF STRBPTD00CGI.

S tre p to c o c c u s  K ru g er.

T h is s t r a i n  was re c e iv e d  from  D r. F e ld t  o f  B e r l ih  in  

March 1951* f l u i d  medium i t  y ie ld e d  a f lo c c u le n t

grow th w ith  many lo n g  c h a in s .  V iru le n c e  f o r  m ice w§s 

s t a t e d  to  be "1 : 10*000 , 000" in t r a p e r i to n e a l ly *  b u t a f t e r  

p assag e  th ro u g h  one mouse o f  an  em ulsion  o f  th e  sp le e n  

r e c e iv e d , even 1 :1 ,0 0 0  d i l u t i o n  to o k  48 h o u rs  to  k i l l ,  and 

f u r th e r  p a s sa g e s  and t r i a l s  d u r in g  th e  n e x t  month showed 

no; improvement.! S im ila r  r e s u l t s  were o b ta in e d  on r e v iv in g



th e  s t r a i n  a g a in  from  sp le e n s  3 k  and 4 y e a r s  l a t e r ;  b u t in  

A p r i l  1937# a f t e r  p assag e  a t  i r r e g u l a r  i n t e r v a l s  th ro u g h  

a l to g e th e r  ±3  m ice s in c e  March 19 31 # a c u l tu r e  was i s o l a t e d  

w hich was l e t h a l  f o r  m ice i n  24 h o u rs  i n  d i l u t i o n s  up to  

1 :1 ,0 0 0 , and in  48 h o u rs  f o r  d i l u t i o n s  o f  1 :1 0 ,0 0 0  to  

1 : 100 , 000 ; on f u r t h e r  p assag e  th e  v i r u le n c e  a lm o st a t  once 

reach ed  th e  l e v e l  a t  w hich i t  rem ained  -  a dose o f  1 :100,000  

b e in g  c e r t a in ly  l e t h a l  i n  24 h o u rs . F a i r ly  c o n s ta n t  p assag e  

o f  th e  s t r a i n  now fo llo w ed ; more th a n  112 p a s sa g e s  th ro u g h  

m ice to o k  p la c e  d u r in g  th e  n e x t 20 m onths, i n  th e  co u rse  

o f  w hich th e re  were o v e r  40 th e r a p e u t ic  e x p e rim e n ts . In  

Jan u ary  1939# th e  o rgan ism s were o b se rv ed  to  be c a p s u la te d , 

and in  v iew  o f  t h i s  th e  r e s u l t s  o f  th e r a p e u t ic  ex p e rim en ts  

c a r r i e d  o u t  a t  d i f f e r e n t  p e r io d s  have been  grouped , th o se  

b e fo re  t h i s  d a te  b e in g  a s s ig n e d  to  P e r io d  ,1 (T ab le  V I I ) .

The s t r a i n  o f  o rgan ism s in  th e  c a p s u la te d  s t a t e  was 

m a in ta in e d  f o r  th e r a p e u t ic  ex p e rim en ts  t i l l  J u ly  194-3# th e  

r e s u l t s  b e in g  c o n s id e re d  somewhat a r b i t r a r i l y  i n  th r e e  

f u r th e r  p e r io d s .  P e r io d  I I  ex te n d s  from  Jan u ary  to



Septem ber 1939* d u r in g  which, i n f e c t io n s  w ith  th e  c a p s u la te d  

o rgan ism s responded  f a i r l y  w e ll  to  t r e a tm e n t w ith  th e  more 

p o w erfu l drugs* Then, a f t e r  an i n t e r v a l  o f  two months 

(Septem ber to  O c to b e r 1939)# d u r in g  w hich m ain tenance o f  

th e  s t r a i n  to o k  p la c e  in  th e  u s u a l  manner by a l t e r n a t e  

m ouse-passage ( th ro u g h  ab o u t 40 m ice) and b ro th  c u l tu r e ,  

re su m p tio n  o f  th e r a p e u t ic  t e s t s  showed a marked f a l l i n g - o f f  

in  th e  number o f  c u re s  o b ta in e d  w ith  d ru g s which had 

h i th e r t o  been  re g a rd e d  a s  f a i r l y  e f f e c t iv e *  T h is i s  

d e s ig n a te d  P e r io d  I I I  and ex ten d ed  from O c to b e r 1939 t i l l  

F eb ru ary  1942* T h e re a f te r  th e  s t r a i n  was re v iv e d  -  s t i l l  

i n  c a p s u la te d  form  -  from  a sp le e n  w hich had been s to r e d  

s in c e  e a r ly  in  Septem ber 1939# t h i s  m ark ing  th e  b eg in n in g  

P e r io d  IV. In  J u ly  1943# th e  n o n -c a p s u la te d  form was 

re c o v e re d  in  p u re  c u l tu r e  from  a b o i le d -b lo o d -b ro th  c u l tu r e  

w hich had been k e p t f ro z e n  s in c e  F eb ruary  1938, and was 

u sed  in  t e s t s  grouped u n d er P e r io d  V* In  v iew  o f  th e  

e x p e rie n c e  d e s c r ib e d  above, th e  s to c k  c u l tu r e  o f  th e  

n o n -c a p s u la te d  s t r a i n  was now k e p t f ro z e n  in  b o i le d -b lo o d -



bra tli  f ro m  w h ic h  a s u b c u ltu re  co u ld  r e a d i ly  be made and 

th e  o rg an ism s p a ssed  once th ro u g h  mice p r i o r  to  th e ra p e u t ic  

e x p e rim e n ts . In  t h i s  manner m ain tenance  o f  th e  s t r a i n  by 

an im al p assag e  i s  red u ced  to  a minimum.

D uring  P e r io d  I I  v i r u le n c e  t e s t s  showed much more 

c o n s i s te n t  r e s u l t s  th a n  in  P e r io d  I ,  an  a g g re g a te  o f  ^4 o u t  

o f  63  m ice (34  p e r  c e n t . )  in o c u la te d  w ith  a d i l u t i o n  o f  

1 :1 0 ,0 0 0 ,0 0 0  o f  c u l tu r e  dy ing  in  24 h o u rs , and 8 o u t  o f  

12 m ice (67  p e r  c e n t . )  r e c e iv in g  1 : 100 , 000,000  dy ing  in  

th e  same tim e , r e s u l t s  w hich show no s t a t i s t i c a l l y  

s i g n i f i c a n t  d i f f e r e n c e .  In  P e r io d  I I I  v i r u le n c e  was a t  

p r a c t i c a l l y  th e  same l e v e l  a s  i n  P e r io d  I I ,  65 o u t  o f  

110 m ice (39  c e n t . )  r e c e iv in g  1 : 10 , 000,000  b e in g  dead 

i n  24 h o u rs . I n  P e r io d  IV th e  h ig h e r  d i l u t i o n s  were 

seldom  t e s t e d ,  b u t 26 m ice o u t  o f  44 (59 P©* c e n t . )  

r e c e iv in g  an  inoculum  o f  1 : 1 , 000,000  o f  c u l tu r e  were dead 

i n  24 h o u rs . V iru le n c e  was n o t so h ig h  in  P e r io d  V, an 

inoculum  o f  1 :1 ,0 0 0  k i l l i n g  24 o u t  o f  36 m ice (67 p e r  c e n t . )  

i n  24 h o u rs .



I n  P e r io d s  I I ,  I I I , and IV , grow th in  b ro th  c u l tu r e  

was hom ogeneous, b u t th e  o rgan ism s o f  P e r io d  V, l i k e  

th o se  o f  P e r io d  I ,  g$ve ex trem ely  g ra n u la r  grow ths i n  

f l u i d  medium, w hich re n d e re d  a c c u ra te  dosage o f  th e  

d i lu t e d  c u l tu r e  more d i f f i c u l t .

L a n e e f ie ld  g ro u p in g  o f  S tre p to c o c c u s  K ruger c a r r i e d  

o u t  d u r in g  P e r io d s  I  and IV was p o s i t i v e  f o r  Group B.

S tre p to c o c c u s  Thomson.

T his s t r a i n  was o b ta in e d  i n  1942 from  a p a t i e n t  w ith  

f a t a l  s e p tic a e m ia . Im m ediate ly  a f t e r  i s o l a t i o n  th e  

o rgan ism s were seen  to  be c a p s u la te d , b u t d id  n o t  g iv e  a 

d e f i n i t e  r e s u l t  when t e s t e d  a g a in s t  L a n e e f ie ld  Group B serum . 

V iru le n c e  was a t  f i r s t  low and r a t h e r  i r r e g u l a r ,  b u t a f t e r  

21 p a s sa g e s  th ro u g h  m ice d u r in g  th r e e  m onths c u l tu r e s  were 

l e t h a l  f o r  th e s e  i n  24 h o u rs  a t  a  d i l u t i o n  o f  1 :1 ,0 0 0 , 

w h ile  th e  L a n e e f ie ld  g ro u p in g  became d e f i n i t e l y  p o s i t iv e  

f o r  Group B.



S tre p to c o c c u s  A ronson.

T his s t r a i n  was a lso  o b ta in e d  from  B r. P e ld t  o f  

B e r l in  i n  Ja n u a ry  1931* s t r e p to c o c c i  were c a p s u la te d

and p o sse s se d  a h ig h  v i r u le n c e  f o r  mice a f t e r  one o r  two 

p a s s a g e s , a  d i l u t i o n  o f  1 : 1 , 000,000  b e in g  c e r t a in ly  f a t a l  

i n  24 h o u rs  when 0 .2 5 c c . was in j e c t e d  i n t r a p e r i t o n e a l l y .

S tre p  to  co ecu s Cook.

A few t r i a l s  have been  c a r r i e d  o u t  w ith  S tre p to c o c c u s  

Cook,  a  s t r a i n  i s o l a t e d  from  a c a rb u n c le . T h is o rgan ism  

was n o n -c a p s u la te d  and belonged  to  L a n e e f ie ld  Group A* A t 

th e  tim e o f  th e  th e r a p e u t ic  t r i a l s ,  th e  v i r u le n c e  had 

reac h ed  a h ig h  l e v e l ,  0 . 25c c . o f  1 : 1 , 000,000  d i l u t i o n  o f  

c u l tu r e  k i l l i n g  a mouse i n  24 h o u rs .

BOUTS OF APPLICATION Off THERAPEUTIC AGENT 

IN RELATION TO INOCULUM.

In  e a r ly  ex p e rim en ts  on th e  tre a tm e n t o f  s t r e p to c o c c a l  

in f e c t io n s  w ith  a n i l - q u in o l in e  d ru g s and a c r i f l a v in e  in  

m ice, Browning e t  a l* (B ) i n j e c t e d  th e  d rug  i n t r a p e r i  to  n e a l ly



one h o u r a f t e r  i n t r a p e r i t o n e a l  in o c u la t io n  and o b ta in e d  

v e ry  good r e s u l t s ,  w hich w i l l  be d is c u s s e d  l a t e r  in  

S e c tio n  V. By t h i s  m ethod th e  d rug  e n te re d  th e  body o f  

th e  h o s t  by th e  same ro u te  a s  th e  inoculum  and so fo llo w ed  

up th e  l a t t e r .  In  th e  ca se  o f  th e  su lphonam ides, how ever, 

th e  d ru g  i s  e f f e c t i v e  when in j e c t e d  su b c u tan e o u s ly  o r  

g iv e n  o r a l l y  a f t e r  th e  i n t r a p e r i t o n e a l  in o c u la t io n ;  th u s  

th e  th e r a p e u t ic  a g e n t and th e  o rg an ism s e n te r  i n  o p p o s ite  

d i r e c t i o n s ,  m ee tin g , a s  i t  w ere , w ith in  th e  t i s s u e s .

I n  a l l  b u t  a  v e ry  few o f  th e  th e r a p e u t ic  t e s t s  c a r r i e d  

o u t  w ith  su lp h a n ila m id e  and th e  su lp h o n es  th e  d rug  h as  

been  g iv e n  by th e  su b cu tan eo u s ro u te  and th e  inoculum  

i n t r a p e r i t o n e a l l y ,

OBSERVATION OF TEST ANIMALS AFTER TREATMENT.

I n  v e ry  many o f  th e  p u b lis h e d  r e p o r t s  on th e  tr e a tm e n t 

o f  m ice w ith  th e  sulphonam ide d ru g s , th e  an im als  were 

c o n s id e re d  cu red  i f  th e y  su rv iv e d  f o r  a s  s h o r t  a  p e r io d  a s  

one o r  two weeks a f t e r  in o c u la t io n *  Long and B l i s s  (6 6 )



r e p o r te d  th e  o c c u rre n c e  o f  v e ry  l a t e  d e a th s  due to 

s t r e p to c o c c a l  s e p tic a e m ia  b o th  i n  m ice t r e a t e d  w ith  P ro n to s i l  

S o lu b le  and w ith  su lp h a n ila m id e  -  i n  th e  l a t t e r  ca se  d e a th s  

o c c u rre d  49 and 194 days a f t e r  th e  co m p le tio n  o f  p ro lo n g ed  

su lp h a n ila m id e  t r e a tm e n t .  D e sp ite  th e s e  r e s u l t s ,  how ever, 

few w orkers seem to  hscve c o n s id e re d  th e  n e c e s s i ty  o f  

k eep in g  t r e a t e d  an im a ls  u n d er o b s e rv a tio n  f o r  a s u f f i c i e n t l y  

lo n g  p e r io d  to  a llo w  f o r  th e  p o s s i b i l i t y  o f  such  d e lay ed  

r e l a p s e s .  Many r e s u l t s  c l a s s i f y  a s  "c u re d ” an im als  w hich 

su rv iv e d  in  a p p a re n t h e a l th  f o r  a n y th in g  from  10 to  .JO days 

a f t e r  i n f e c t io n  and tr e a tm e n t ,  when a p e r io d  o f  8 to  10 

weeks would have been  more a d v is a b le ;  and in  some 

p u b lis h e d  work on pneum ococcal in f e c t io n s  o b s e rv a tio n  fo r  

7 days was c o n s id e re d  a d e q u a te • W ith th e  l e s s  s o lu b le

d ru g s  w hich a re  g ra d u a l ly  ab so rb ed  from  a  d ep o t in  th e  body, 

i t  i s  p o s s ib le  to  en v isag e  a  s t a t e  o f  e q u i l ib r iu m  s e t  up 

in  th e  t i s s u e s  betw een d rug  and in v a d in g  o rg an ism s and , 

b ro u g h t to  an  end by th e  l o s s  o f  d rug  th ro u g h  e x c re t io n ,
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b u t when th e  d rug  i s  a  so lu b le  and r e a d i ly  e x c re te d  

compound l i k e  su lp h a n ila m id e  i t  i s  d i f f i c u l t  to  e x p la in  

on th e s e  l i n e s  th e  o c c u rre n c e  o f  f a t a l  r e la p s e s  a t  14,

26, 32, and even 68 days a f t e r  in o c u la t io n .  The problem  

o f  th e s e  l a t e  d e a th s  w i l l  be r e f e r r e d  to  a g a in  in  S e c tio n  V.

RESULTS IN m E TREATMENT OF EXPERIMENTAL INFECTIONS.

In  th e  fo llo w in g  acco u n t o f  ex p e rim e n ta l r e s u l t s  a l l  

th e  in o c u la te d  c o n t ro l  m ice d ie d  o f  s t r e p to c o c c a l  

s e p tic a e m ia , and t r e a t e d  an im a ls  w hich d ie d  from  any o th e r  

cause  a re  o m it te d  from  th e  t o t a l s  r e p o r te d .  In  ev e ry  

ca se  f i lm s ,  and f r e g u e n t ly  c u l tu r e s ,  were made from  th e  

h e a r t -b lo o d  p o s t  mortem and exam ined f o r  th e  p re se n c e  o f  

b a c t e r i a .

t
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SULPEANILAMIDE.

S tre p to c o c c u s  K ru g e r.

T  P e r io d  I_.

V ary in g  in o c u la . I t  h a s  b een  g e n e ra l ly  ag reed  (p . 16) 

t h a t  s in c e  su lp h a n ila m id e  i s  a  f a i r l y  s o lu b le  d rug  which 

i s  r e a d i ly  ab so rb ed  and e x c re te d , i t  sh o u ld  be a d m in is te re d  

s u f f i c i e n t l y  f r e q u e n t ly  to  m a in ta in  an ad eq u a te  c o n c e n tra t io n  

i n  th e  b lo o d . I n  e a r ly  th e r a p e u t ic  t r i a l s  i t  was found t h a t  

th e  s ta n d a rd  t r i p l e  dosage o f  10m g., 6 . 7m g., 6 , 7mg* in je c t e d  

su b su ta n e o u s ly  d u r in g  th e  f i r s t  24 h o u rs  gave good r e s u l t s  

(T ab le  V I I I ) ,  70  m ice h av in g  been  cu red  o u t  o f  a t o t a l  o f  

112, i . e .  63  p e r  c e n t ,  o f  c u r e s .  These r e s u l t s ,  ta k e n  from 

28 s e p a r a ta  e x p e rim e n ts , show some v a r i a t i o n  in  th e  

p r o p o r t io n  o f  c u r e s ,  b u t t h i s  does n o t ap p e a r to  be [ c lo s e ly  j 

r e l a t e d  to  th e  d i l u t i o n  o f  th e  inocu lpm . The p e rc e n ta g e  

o f  c u re s  w ith  1 : 100 , 1 : 1 ,0 0 0  and 1 : 100,000  d i l u t i o n  o f  

inocu lum  co rre sp o n d  c lo s e ly  w ith  one a n o th e r  and w ith  th e  

a v e rag e  v a lu e  f o r  th e  whole d e t ,  showing no s t a t i s t i c a l l y

T The r e s u l t s  g rouped a s  P e r io d  I  a re  from e a r l i e r  
l a b o r a to r y  r e c o rd s  -  see  p . 8 .
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s i g n i f i c a n t  d if fe re n c e #  An u n acco u n tab ly  high, p e rc e n ta g e  

(e# g . 92 p e r  c e n t# )  o f  c u re s  was o b ta in e d  in  th e  8 experim en ts  

i n  w hich th e  inoculum  was a 1 : 10,000  d i l u t i o n ,  th e se  b e in g  

f a i r l y  u n ifo rm ly  d i s t r i b u t e d  th ro u g h o u t th e  s e r ie s #  

A cc o rd in g ly , i t  may be concluded  t h a t  o v e r  th e  range 

employed a 10 , 000- f o l d  d i f f e r e n c e  i n  th e  inoculum  had no 

un ifo rm  in f lu e n c e  on th e  th e r a p e u t ic  r e s u l t  w ith  th e  

s ta n d a rd  t r e a tm e n t .  Hence i n  w hat fo llo w s  i t  h a s  been 

a c c e p te d  t h a t  th e  th e r a p e u t ic  r e s u l t s  o b ta in e d  w ith in  

t h i s  ran g e  may be compared w ith o u t r e f e re n c e  to  th e  e x a c t 

s iz e  o f  th e  inoculum .

V ary ing  do s a g e , The e f f e c t  o f  v a ry in g  th e  t o t a l

dose o f  su lp h a n ila m id e  i s  shown in  f a b le  IX# I t  ap p e a rs  

t h a t  a d iv id e d  dose o f  u n d er 10mg# p ro lo n g s  l i f e  1 to  }  d ay s , 

b u t  seldom  e f f e c t s  c u re ; a c tu a l ly  th e  o n ly  mouse c u red  o u t  

o f  10 was one w hich re c e iv e d  th e  s m a lle s t  amount o f  d rug  

-  2*}4w.gm» Amounts from  10mg# to  2.J#4mg* have le d  to  cu re  

i n  89 o u t  o f  145 an im als  (6l  p e r  cen t# )#  I t  i s  n o t  v e ry
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is le a r  w hat c o n s t i t u t e s  th e  b e s t  system  o f  dosage, h u t 

s in c e  a s in g le  su bcu taneous a d m in is t r a t io n  o f  lOmg* a t  th e  

tim e o f  in o c u la t io n  cu red  5 o u t  o f  15 m ice, i t  app eared  

a d v is a b le  to  supplem ent t h i s  by two a d d i t io n a l  closes o f  

6 #7mg. a t  5 and 24 h o u rs : t h i s  tre a tm e n t r e f e r r e d  to  a s

" s ta n d a rd  t r i p l e  d o sag e” c u red  70 o u t  o f  112 mice (65  p e r  c e n t . )

D elayed t r e a tm e n t . When th e r e  was a d e lay  o f  two ho u rs  

a f t e r  in o c u la t io n  b e fo re  b e g in n in g  tr e a tm e n t w ith  th e  

s ta n d a rd  t r i p l e  dosage 7 o u t  o f  7 m ice were cu red , b u t a 

d e lay  o f  6 h o u rs  r e s u l t e d  in  o n ly  4 c u re s  o u t  o f  7 m ice -  

T able Z A.

P ro p h y la c t ic  t r e a tm e n t . As would be ex p ec te d  from 

th e  r a p id  a b s o rp t io n  and e q u a lly  r a p id  e x c re t io n  o f  th e  

d ru g , t r e a tm e n t w ith  su lp h a n ila m id e  a d m in is te re d  from  

72 h o u rs  to  2 h o u rs  b e fo re  in o c u la t io n  was u n s u c c e s s fu l  -  

T able Z B.

P e r io d s  I I ,  I I I ,  and IV.

I n  th e s e  p e r io d s  s im i la r ly  s u c c e s s fu l  r e s u l t s  co u ld  n o t
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be re p e a te d  with, th e  s ta n d a rd  t r i p l e  dosage , th e re  b e in g  

o n ly  2 c u re s  o u t  o f  }2  m ice t r e a t e d  (T ab le  X I) , owing ' 

a p p a re n tly  to  some change in  th e  b eh a v io u r o f  th e  s t r a i n  o f  

s t r e p to c o c c u s  w hich c o in c id e d  w ith  th e  appearance  o f  

c a p s u le s  i n  a h i t h e r t o  n o n -c a p s u la te d  o rg an ism .

P e r io d  V.

W ith th e  n o n -c a p s u la te d  o rgan ism s o f  P e r io d  V, t e s u l t s  

w ere even  b e t t e r  th a n  th o se  i n  P e r io d  I ,  O f 47 mice 

in o c u la te d  w ith  a 1 : 1 ,0 0 0  d i l u t i o n  and t r e a t e d  w ith  th e  

s ta n d a rd  t r i p l e  d osage , &1 were cu re d , Hue o th e r s  dy ing  

i n  2 to  7 d ay s , ex c ep t 2 l a t e  d e a th s  a t  44 and 62 d ay s .

O f 5 m ice s im i la r ly  t r e a t e d ,  b u t w ith  o n ly  o n e - th i r d  o f  

th e  above q u a n t i t i e s  ( i# e .  7*8m g.) ,  a l l  were c u re d .

O th e r  S t r a in s  o f  Q ap su la ted  S t r e p to c o c c i .

W ith th e  Thomson s t r a i n  o f  s t r e p to c o c c i ,  w hich was 

c a p s u la te d  when i s o l a t e d ,  a l l  th e  24 m ice in o c u la te d  w ith  

a 1 : 1 ,000  d i l u t i o n  and t r e a t e d  w ith  th e  s ta n d a rd  t r i p l e  

dosage o f  su lp h a n ila m id e  succumbed to  th e  i n f e c t io n  in
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1 to  }  d ay s . T h is co rre sp o n d s  w ith  u n p u b lish ed  r e s u l t s  

o b ta in e d  in  t h i s  la b o ra to ry  w ith  th e  Aronson s t r a i n  o f  

e a p s u la te d  h ae m o ly tic  s t r e p to c o c c i  and quo ted  h e re  f o r  

p u rp o se s  o f  com parison  (s e e  p«8 ) .  O f 25 m ice r e c e iv in g  

in o c u la  v a ry in g  from  1x10,000  to  1 : 1 , 000,000  d i l u t i o n  o f  a 

24 hours* b r o th  c u l tu r e  o f  th e  A ronson s t r a i n  and t r e a t e d  

w ith  th e  s ta n d a rd  t r i p l e  dosage o f  su lp h a n ila m id e , o n ly  1 was 

c u re d , th e  r e s t  a l l  dy ing  from  s t r e p to c o c c a l  s e p tic a e m ia  in

2 to  5 d ay s .

Prom th e s e  r e s u l t s  a s  w e ll a s  th o se  w ith  th e  e a p s u la te d  

phase  o f  th e  K ruger s tr e p to c o c c u s  i t  may be concluded  th a t  

th e  a c t io n  o f  su lp h a n ila m id e  a g a in s t  h ae m o ly tic  s t r e p to c o c c i  

i n  v ivo  depends g r e a t ly  on th e  c h a ra c te r  o f  th e  p a r t i c u l a r  

s t r a i n  o f  s t r e p to c o c c i  in v o lv e d . W hile th e  d ru g  seems 

cap ab le  o f  c o n t r o l l in g  and , in  th e  m a jo r i ty  o f  c a s e s , o f  

overcom ing an  in v a s io n  o f  n o n -c a p s u la te d  s t r e p to c o c c i ,  i t  

a p p e a rs  a s  a r u le  to  be a b le  o n ly  to  p ro lo n g  by a day o r  two 

th e  l i f e  o f  an im als  in f e c te d  w ith  a e a p s u la te d  s tre p to c o c c u s*



4 :41 IAMINO ~S IPHENYL-SULPHQNE.

The diam ine sulphon© i s  th e  f i r s t  o f  th e  th re e  

s p a r in g ly  so lu b le  d ep o t-fo rm in g  su lphone compounds to  be 

co n sid ered *  I t  i s  th e  m ost r e a d i ly  ab so rb ed  and a lso  

th e  m ost to x ic  o f  th e  th r e e  (pp* 26 -  27)* A summary o f  

th e r a p e u t ic  ex p e rim en ts  i s  shown in  Table X II ,  The 

r e s u l t s  w ith  S tre p to c o c c u s  K ruger P e r io d  f^w ere f a i r l y  

s a t i s f a c t o r y ,  p ro v id e d  t h a t  th e  d i l u t i o n  o f  inoculum  was 

1 : 1 ,000  o f  h ig h e r ,  11 o u t  o f  12 m ice b e in g  cu red  by

t r i p l e  d o ses  t o t a l l i n g  from  2mg* to  th e  maximum t o l e r a t e d  

dosage o f  8 . J a g .» W ith P e r io d  I I I  s t r e p to c o c c i  (capsuikated) 

how ever, th e  i n f e c t io n  was u n a f fe c te d  even by la r g e  doses 

o f  th e  d rug ; d e a th  o f  th e  an im a ls  was m ere ly  d e lay ed  f o r  

a  few days#

R e s u lts  i n  P e r io d  V  w ere a g a in  s a t i s f a c t o r y ,  th e  

maximum t r i p l e  dose o f  5*5, 2*5$ 2*5w g*(8 '5® g* ) a t  0 ,  5$ 

and 24 h o u rs  c u r in g  29 o u t  o f  55 m ice w hich had  r e c e iv e d

The r e s u l t s  grouped a s  P e r io d  I  a re  from  e a r l i e r  
la b o ra to ry  re c o rd s  -  see  p#8 .
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an  inoculum  o f  1 : 1 , 000 ,  th e  r e s t  dy ing  in  1 to  7 days w ith  

1 l a t e  d e a th  a t  21 d ay s , and u n t r e a te d  c o n t ro ls  a l l  dead 

in  24 h o u rs .

D elayed tr e a tm e n t  w ith  S tre p to c o c c u s  K ruger P e r io d  1$ 

even  when begun 6 h o u rs  a f t e r  in o c u la t io n  (T ab le  X III  A ), 

gave wery s im i la r  r e s u l t s  to  th o se  o b ta in e d  w ith  im m ediate 

t r e a tm e n t ,  and in c id e n t a l l y  s u p p lie d  two good exam ples o f  

l a t e  d e a th s  a t  26 and 28 days a f t e r  in o c u la t io n .

A d m in is tra t io n  o f  heavy p ro o h y la c t ic  tr e a tm e n t a ls o  

showed s im i la r  r e s u l t s  to  th o se  o b ta in e d  by tr e a tm e n t a t  th e  

tim e o f  in o c u la t io n  (T ab le  X II I  B ).

4; 4 • -DIAQETYLAMINQ-DIPHEMYL-SULPBDNE.

I t  h a s  been  seen  t h a t  j u s t  a s  th e  diam ino su lphone i s  

th e  m ost to x ic  and m ost r a p id ly  ab so rb ed  o f  th e  th r e e  

su lp h o n e s , th e  d ia o e ty l  su lphone i s  th e  l e a s t  to x ic  and 

a ls o  th e  l e a s t  r a p id ly  ab so rb ed  ( p p .26**27) •

The r e s u l t s  grouped a s  P e r io d  I  a re  a g a in  from  e a r l i e r  
la b o ra to ry  re c o rd s  -  see  p . 8 .
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a tra u to c o o o u s  K ruger.

As shown i n  T able XIV, th e  r e s u l t s  o f  tre a tm e n t a t  

P e r io d  I^w ere q u i te  s a t i s f a c t o r y  even when th e  dosage was 

red u ced  from  th e  s ta n d a rd  o f  1 0 . 0 , 6 *7 , and 6 *7mg. a t  

0 ,  5 , and 24 h o u rs  (2j5.4mg. i n  a l l ) #  T r ip le  do ses 

t o t a l l i n g  5*34 to  23*4mg# cu red  46 o u t o f  78 m ice and 

t r i p l e  d o ses  t o t a l l i n g  1*16 to  3 *87^g« cu re d  5 o u t  o f  J>1 

mice* W ith P e r io d  I I  s t r e p to c o c c i  r e d u c t io n  o f  th e  s iz e  

o f  th e  dose gave r e s u l t s  w hich showed no s i g n i f i c a n t  

d i f f e r e n c e ,  th e  c o rre sp o n d in g  f ig u r e s  b e in g  7 o u t  o f  14 

and 1 o u t  o f  1 2 *

The in f lu e n c e  o f  co n tih u ed  a b s o rp t io n  o f  th e  

th e r a p e u t ic  a g e n t from  th e  d ep o t was e v id e n t  from  th e  

p e r io d s  o f  s u r v iv a l  o f  t r e a t e d  mice w hich e v e n tu a l ly  d ie d  

from  th e  in f e c t io n .  These showed a much g r e a t e r  range  

th a n  had  been o b se rv ed  fo llo w in g  su lp h a n ila m id e  trea tm en t*

The r e s u l t s  grouped a s  P e r io d  I  a re  a g a in  from  e a r l i e r  
la b o ra to ry  r e c o rd s  -  see  p«8 *



T reatm ent o f  P e r io d  V in f e c t io n s  w ith  th e  s ta n d a rd  

t r i p l e  dosage cu red  26 o u t o f  }1 m ice r e c e iv in g  an inoculum  

o f  1 : 1 , 000 , th e  o th e r s  dy in g  in  3 to  9 d ay s , w ith  1 l a t e  

d e a th  a t  3Q days and th e  u n tr e a te d  c o n t ro ls  a l l  dead in  

24 hours*

P ro p h y la c t ic  tre a tm e n t  w ith  a s in g le  la rg e  d o se , a s  

shown in  T able XV j gave m arked b u t i r r e g u l a r  e f f e c t s .

4 : 4 1 —M3 HQ A QE TYL—DI AMIH) I  PHENYL^SULPBO NS.

S tre p to c o c c u s  K ru g er,

t  P e r io d  I .

The m onoacety l su lphone y ie ld e d  v e ry  s a t i s f a c t o r y
/

th e r a p e u t ic  r e s u l t s  -  Table XVI* A ll  o f  9 mice t r e a t e d  

w ith  th e  s ta n d a rd  t r i p l e  dosage -  6*7, 4 ,0 ,  and 4*0mg, a t  

0 ,  3 ,  and 24 h o u rs  -  s u rv iv e d , and even w ith  a te n th  o f  

t h i s  dosage th e r e  were some c u re s ,  w h ile  th e  s u r v iv a l  tim es  

o f  th e  m ice w hich d ie d  from  th e  in f e c t io n  -  3 .5 d a y s -

“f’ The r e s u l t s  grouped a s  P e r io d  I  a re  a g a in  from  e a r l i e r  
la b o ra to ry  r e c o rd s - s e e  p , 8 *
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were g r e a t e r  th a n  th o se  o f  th e  -u n trea ted  c o n t r o ls ,  which 

a l l  d ie d  i n  24 h o u rs  fo llo w in g  a s im i la r  inoculum .

P e r io d  I I ,

In  t h i s  p e r io d  r e s u l t s  were a g a in  o f  much th e  same 

o rd e r  a s  i n  P e r io d  I  th ro u g h o u t th e  range  t e s t e d ,  26 o u t  o f  

29 m ice b e in g  cu red  by th e  s ta n d a rd  t r i p l e  dosage -  

Table XVII.

P e r io d  I I I ,

The th e r a p e u t ic  e f f i c ie n c y  o f  th e  m onoacety l su lphone 

was d im in ish ed  (T ab le  X V III) , th e  s ta n d a rd  t r i p l e  dosage 

c u r in g  o n ly  41 o u t  o f  121 m ice . The s u r v iv a l  t i j j e s  o f  

m ice dy ing  from  th e  i n f e c t io n  were from  4 to  18 d ay s , and 

th e re  were a ls o  s e v e r a l  c a se s  o f  l a t e  d e a th s  due to  

s t r e p to c o c c a l  s e p tic a e m ia , one o c c u r r in g  89 days a f t e r  

in o c u la t io n .

P e r io d  IV.

The p ro p o r t io n  o f  c u re s  w ith  th e  s ta n d a rd  t r i p l e  

dosage o f  mono a c e ty l  su lphone in  P e r io d  I I I  (T ab le  X V III) and



P e r io d  IV (T ab le  XIX) shows no s t a t i s t i c a l l y  s ig n i f i c a n t  

d i f f e r e n c e ,  w hereas a com parison  o f  th e  t o t a l s  o f  c u re s  

o b ta in e d  in  P e r io d s  I I  and IV shows a s ig n i f i c a n t  d if fe re n c e *  

P e r io d  V.

Here th e  i n f e c t io n  a g a in  showed th e  same h ig h  degree 

o f  c u r a b i l i t y  a s  i n  P e r io d  I* O f 41 m ice r e c e iv in g  an 

inoculum  o f  1 : 1 ,000  and t r e a t e d  w ith  th e  s ta n d a rd  t r i p l e  

do sag e , 37 were c u re d , th e  o th e r  4 dy in g  i n  2 , 13* and

30 days; and th e  u n t r e a te d  c o n t ro l  m ice i a  24 hours*

W ith h a l f  and a ls o  w ith  a  q u a r te r  o f  th e  s ta n d a rd  dosage 

a l l  o f  6 m ice were c u re d .

g f f e c t s  o f  V ary ing  Do sage *

S in g le  do ses  e q u a l to  th e  t o t a l  s ta n d a rd  t r i p l e  dosage 

were t e s t e d  w ith  S tre p to c o c c u s  K ruger P e r io d s  I I  and I I I  

(T a b le s  XX A and £ ) .  On th e  w hole, how ever, th e  t r i p l e  

dosage method seemed to  produce s l i g h t l y  more c u re s  o v e r  

th e s e  p e r io d s  th a n  d id  s in g le  d o se s .



D elayed T reatm ent and P ro p h y la c t ic  T rea tm en t.

D elayed tr e a tm e n t and p ro p h y la c t ic  tre a tm e n t w ith  

m onoacety l su lphone were b o th  t e s t e d  a g a in s t  S tre p to co c cu s  

K ruger P e r io d  I I ,

D elayed T re a tm en t* W ith a  s in g le  dose o f  6.7m g, th e re  

was l i t t l e  o r  no a l t e r a t i o n  in  th e  number o f  c u re s  o b ta in e d  

when tr e a tm e n t was d e lay ed  f o r  1-J- o r  2 h o u rs , b u t a d e lay  o f  

3 h o u rs  o r  lo n g e r  b e fo re  a d m in is te r in g  th e  s in g le  dose o f  

d rug  showed a d ec id ed  d e a re a se  i n  th e r a p e u t ic  e f f ic ie n c y  

w hich was a ls o  h ig h ly  s i g n i f i c a n t  s t a t i s t i c a l l y  (T able XXI A) 

T h is s u g g e s ts  t h a t  up to  2 h o u rs  a f t e r  in o c u la t io n ,  b u t n o t 

a f t e r  3 h o u rs , th e  deg ree  and r a t e  o f  a b s o rp tio n  o f  a c t iv e  

d rug  a re  s t i l l  s u f f i c i e n t  to  c o u n te ra c t  th e  i n f e c t io n .

P ro p h y la c t ic  T rea tm en t. A s in g le  dose o f  1 4 , j$mg. 

g iv en  up to  h o u rs  b e fo re  th e  inoculum  was e f f e c t iv e  in  

P e r io d  I I  i n  p re v e n t in g  f a t a l  in f e c t io n  in  n e a r ly  a l l  th e  

an im als  t r e a t e d  -  Table I X I  B. However, a s l i g h t l y  s m a lle r  

dose (1 3 . jfcag*) had  v e ry  l i t t l e  e f f e c t  on th e  in f e c t io n  when



a d m in is te re d  5 days b e fo re  th e  inocu lum , a s  a lso  had  ll.O m g. 

g iv en  4 days b e f o r e .  S ince th e re  i s  s t i l l  an abundant 

dep o t o f  d rug  in  th e  subcu taneous t i s s u e  5 days and even 

l a t e r  a f t e r  th e  i n j e d t io n  o f  such  d o se s , these, r e s u l t s  

su g g e s t t h a t  a b s o rp t io n  o f  d rug  from th e  subcu taneous depo t 

p ro cee d s  a t  a red u ced  r a t e  a f t e r  th e  f i r s t  few h o u rs , b u t 

th e re  i s  no ev id en ce  o f  any change in  th e  © h arac te r  o f  th e  

drug  fo rm ing  t h a t  depot* T his v iew  was su p p o rted  by o th e r  

ex p e rim e n ta l f in d in g s .  A s e t  o f  10 m ice was in je c te d  

su b cu tan eo u sly  each  w ith  ljujSmg. o f  m onoacety l su lphone p e r  

20g» b o d y -w e ig h t. A f te r  a llo w in g  5 days f o r  a b s o rp tio n  o f  

th e  d rug  to  ta k e  p la c e  to  some e x te n t ,  th e  mice were 

s a c r i f i c e d  and th e  subcu taneous d e p o s i ts  o f  dmig removed 

and p o o le d , th e  whole b e in g  d is p e rs e d  in  w a te r  to  a volume 

s u f f i c i e n t  to  p ro v id e  10 do ses  o f  ap p ro x im a te ly  l c c .  each* 

T his " r e s id u e ” was u sed  a s  tre a tm e n t f o r  10 mice in o c u la te d  

w ith  S tre p to c o c c u s  K ruger P e r io d  I I I , w h ile , a s  a  c o n t r o l ,

10 s im i la r  mice were t r e a t e d  w ith  t r i p l e  doses t o t a l l i n g
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13*3^8* i n  24  h o u rs . Of th e  10 m ice r e c e iv in g  " re s id u e " ,

6 were c u red , th e  o th e r s  dy ing  in  5 to  13 days; w h ile  o f  

th e  10 m ice t r e a t e d  w ith  ap p ro x im a te ly  e q u iv a le n t  t r i p l e  

doses 2 were c u re d , th e  rem ain d er dy in g  in  3 to  19 d ay s . 

A lthough th e  d i f f e r e n c e  betw een th e  num bers o f  cu red  mice 

h e re  seems c o n s id e ra b le  i t  h a s  no s t a t i s t i c a l  s ig n i f ic a n c e ,  

th e  " re s id u e "  d rug  r e t a in in g  i t s  c u r a t iv e  p r o p e r t i e s  even 

a f t e r  a p e r io d  o f  a b s o rp tio n  l a s t i n g  3 d ay s .

P ro p h y la x is  o f  R e la p s e s . W ith S tre p to c o c c u s  K ruger 

P e r io d  I I I , th e  e f f e c t  was s tu d ie d  o f  an  a d d i t io n a l  dose o f  

mono a c e ty l  su lphone g iv en  a few days a f t e r  th e  s ta n d a rd  

t r i p l e  dosage (T ab le  X X II). T h is was found i n  g e n e ra l  to  

p roduce an  in c re a s e  i n  th e  number o f  an im a ls  cu red  when th e  

e x t r a  subcu taneous dose was g iv e n  3> 4,. o r  3 days a f t e r  th e  

inoculum , b u t th e  in c re a s e  i s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  

A b e n e f i c i a l  e f f e c t  due to  an a d d i t io n a l  dose would have 

su p p o rted  th e  th e o ry  o f  th e  b a c t e r i o s t a t i c  a c t io n  o f  th e  

sulphonam ide d ru g s . The b a lan c e  betw een d rug  and in v a d in g
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organ ism s h a s  been e f f e c t iv e ly  w eighed down on th e  d id e  o f  

th e  d rug  by f u r t h e r  subcu taneous i n j e c t i o n ,  and t h i s  a llo w s 

th e  norm al body d e fen c es  to  o p e ra te *  Also i n  view  o f  

ev id en ce  s t a t e d  above th e re  m igh t be more e f f e c t iv e  a c t io n  

o f  th e  r e c e n t  dose th a n  o f  th e  o ld e r  depots*

Combined T reatm ent w ith  S u lphan ilam ide  

and Mono a c e ty l  Sulphone *

I t  seems re a s o n a b le  to  suppose t h a t  combined tre a tm e n t

w ith  a r a p id ly  ab so rb ed  d rug  a lo n g  w ith  a l e s s  r a p id ly

ab so rb ed  one sh o u ld  be advan tageous i n  com bating a b a c t e r i a l

in f e c t io n  i n  v iv o , s in c e  th e  e f f e c t  o f  th e  s lo w ly  ab so rbed

drug  would come in to  p la y  a s  t h a t  o f  th e  more s o lu b le  drug

le s s e n e d  due to  e x c r e t io n .

V ario u s  t r e a tm e n ts  were t e s t e d  a g a in s t  S tre p to c o c c u s

K ruger P e r io d  I I I * b o th  su lp h a n ila m id e  and mono a c e ty l

su lphone b e in g  u se d , b u t th e  r e s u l t s  o b ta in e d  showed no

advance on  th o se  w ith  th e  su lphone a lo n e . In  one ex p e rim en t,

th e  c o n t ro l  mice were g iv en  a subcu taneous dose o f  12*5mg,
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monoacetyj. su lphone a t  th e  tim e o f  in o c u la t io n ,  w hich cured

11 o u t  o f  21 mice* O th e r  15 m ice each  re c e iv e d  in  a d d i t io n
dose

6 doses o f  lQmg. S u lp h an ilam id e , th e  f i r s t^ o n e  h o u r b e fo re  

th e  inoculum  and th e  o th e r s  a t  24 h o u r s 1 i n t e r v a l s :  6 were

cu red  and th e  o th e r  9 d ie d  6 to  22 days a f t e r  in o c u la t io n *

There i s  no s i g n i f i c a n t  d i f f e r e n c e  betw een th e s e  two s e t s  o f  

f in d in g s ;  t h i s  i s  s c a r c e ly  u n ex p ec ted , s in c e  i t  h as  

a l re a d y  been  found t h a t  su lp h a n ila m id e  a lo n e  h a s  p r a c t i c a l l y  

no e f f e c t  upon th e  e a p s u la te d  o rgan ism s o f  t h i s  p a r t i c u l a r  

p e r io d  o f  S tre p to c o c c u s  K ruger.

T reatm ent o f  I n f e o t io n s  w ith  O th e r  G ap su la ted  S t r a in s  * 

R e s u l ts  o f  t r e a tm e n t o f  S tre p to c o c c u s  A ronson^w ith  

mono ace ty  1 -d iam in o -d ip h en y l-su lp h o n e  a re  shown in  T able XXIII A. 

O nly th e  s ta n d a rd  t r i p l e  dosage -  6.7> 4*0, and 4*0mg. a t

0 ,  5* 24 h o u rs  -  was found to  have any th e r a p e u t ic

e f f e c t  on t h i s  i n f e c t io n  -  3 c u re s  o u t  o f  8 m ice — b u t th e

s u r v iv a l  tim es  o f  a l l  th e  t r e a t e d  mice w hich d ie d , were

t  The r e s u l t s  w ith  S tre p to c o c c u s  Aronson a re  from  e a r l i e r  
la b o ra to ry  r e c o rd s  -  see  p . 8 .



g r e a te r  th a n  f o r  u n t r e a te d  m ice g iv e n  th e  same inoculum  -  

4 to  18 days a s  compared to  24 hours*  In  th e  ca se  o f  t h i s  

e a p s u la te d  s t r e p to c o c c u s  th e r e f o r e  m onoacdtyl su lphone h as  

to  be g iv e n  i n  maximum dosage to produce a c u r a t iv e  e f f e c t .

T h e rap e u tic  t e s t s  w ith  th e  mono a c e ty l  su lphone were 

a ls o  c a r r i e d  o u t  w ith  S tre p to c o c c u s  Thomson -  th e  e a p s u la te d  

and r a t h e r  l e s s  v i r u l e n t  L a n e e f ie ld  B s tr e p to c o c c u s  o f  

human o r i g i n .  As i n  th e  ca se  o f  S tre p to c o c c u s  Aronson 

and S tre p to c o c c u s  K ruger P e r io d s  I I I  and IV, maximum dosage 

gave a b o u t 33 c e n t ,  c u re s  (T ab le  XXIII B) w ith  s u rv iv a l  

tim es  o f  2 to  20 days i n  t r e a t e d  m ice dy ing  from  th e  

in f e c t io n ,  a s  compared w ith  24 h o u rs  f o r  u n tr e a te d  c o n t ro l  

mice r e c e iv in g  th e  same inocu lum .

H ence, o f  th e  f iv e  s t r a i n s  o f  e a p s u la te d  s t r e p to c o c c i ,  

o n ly  S tre p to c o c c u s  K ruger P e r io d  I I  h a s  shown any c o n s id e ra b le  

re sp o n se  to  tre a tm e n t w ith  m onoacety l su lp h o n e . W ith a l l  

th e  o th e r  fo u r  s t r a i n s  -  A ronson, Thomson, and K ruger P e r io d s  

I I I  and IV -  th e re  was eq u a l and r e l a t i v e l y  low c u r a b i l i t y



even w ith  maximum d osage , in d ic a t in g  a h ig h  degree o f  

r e s i s t a n c e ,  w hich may he a s s o c ia te d  w ith  f u l l  c a p s u la r  

developm ent. As r e g a rd s  P ex iod  LI o f  S tre p to c o c c u s  K ruger, 

i t  sh o u ld  he n o te d  t h a t  d e f i n i t e  c a p s u le s  were p r e s e n t ,  

a lth o u g h  th e  o rgan ism s were s t i l l  s e n s i t iv e  to  tre a tm e n t 

w ith  c e r t a i n  d ru g s; h u t th e  f a c t  t h a t  th e  much l e s s  s e n s i t iv e  

o rg an ism s o f  P e r io d s  I I I  and IV developed  sp o n tan eo u sly  from 

th o se  o f  P e r io d  I I  s u g g e s ts  t h a t  th e  l a t t e r  r e p re s e n te d  an 

e a r ly  s ta g e  i n  th e  developm ent o f  in c re a s e d  n a t u r a l  r e s i s t a n c e  

o f  th e  otrganism .

T reatm ent o f  I n f e c t io n  w ith  a L a n c e f ie ld -A S t r a in ,

I t  h a s  a lre a d y  heen m entioned  ( p . t h a t  s t r a i n s  o f  

s t r e p to c o c c i  b e lo n g in g  to  L a n e e f ie ld  Group A and showing 

maximal v i r u le n c e ,  a re  re p u te d  to  he much more s u s c e p t ib le  

to  sulphonam ide th e ra p y  th a n  a re  Group B s t r a i n s .

S tre p to c o c c u s  Book i s  a h ig h ly  v i r u l e n t ,  n o n -c a p s u la te d  

s tr e p to c o c c u s  b e lo n g in g  to  t h i s  c a te g o ry , and a sm a ll number 

o f  ex p e rim en ts  were c a r r i e d  o u t  w ith  m ice in f e c te d  w ith
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t h i s  o rg an ism . No c u re s  were o b ta in e d  o u t  o f  4 mice t r e a te d  

w ith  up to  o n e - th i r d  o f  th e  s ta n d a rd  t r i p l e  dosage o f

su lp h a n ila m id e , b u t w ith  up to  o n e - th i r d  o f  th e  s ta n d a rd

t r i p l e  da sage o f  m o n o ace ty l-d ia m in o -d ip h e n y l-su lp h o n e ,

8 o u t  o f  9 m ice were c u red , w h ile  o n e - s ix th  o f  th e

s ta n d a rd  dosage c u red  4 o u t  o f  8 m ice . W ith d ia c e ty la m in o -

d ip h e n y l-su lp h o n e  r e s u l t s  were v e ry  s im i la r ,  6 o u t o f  

7 c u re s  w ith  up to  o n e - th i r d  o f  th e  s ta n d a rd  t r i p l e  

dosage and 1 o u t  o f  5 w ith  o n e - s ix th  o f  th e  s ta n d a rd  t r i p l e  

d o sag e . A c c o rd in g ly , w h ile  t h i s  s t r a i n  i s  n o t  h ig h ly  

re sp o n s iv e  to  tr e a tm e n t w ith  S u lp h an ilam id e , a marked 

re sp o n se  i s  shown to  tr e a tm e n t w ith  two o f  th e  su lphone 

d ru g s .

The r e s u l t s  w ith  S tre p to c o c c u s  Cook a re  from  e a r l i e r  
la b o ra to ry  r e c o rd s  -  see  p ,{ j.
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The E ff e c t  o f  p-Aminob enzo i  c A cid  on th e  R e s u lts

o f  T rea tm en t*

I n  1940 Woods (119) s tu d ie d  th e  r e v e r s a l  o f  th e

in h ib i to r y  a c t io n  o f  su lp h a n ila m id e  in  v i t r o  by a su b stan ce

w hich was p r e s e n t  in  y e a s t  e x t r a c ts *  He showed t h a t

2 -am inobenzo ic  a c id  p o sse sse d  many o f  th e  p r o p e r t i e s

c h a r a c t e r i s t i c  o f  t h i s  unknown y e a s t  c o n s t i tu e n t*  In

c o n t in u a t io n  o f  t h i s  id e a ,  S e lb ie  (107) exam ined th e  e f f e c t

o f  2 ~ami nc>k©21zo ic  a c id  on th e  th e r a p e u t ic  a c t io n  o f

su lp h a n ila m id e  in  v iv o  in  h ae m o ly tic  s t r e p to c o c c a l  i n f e c t io n

o f  mice* I n  t h i s  c a se  th e  sodium s a l t  o f  2~ami ;Q0b0nzo i ,3

a c id  was g iv e n  to g e th e r  w ith  su lp h a n ila m id e  p e r  o s ; and

i t  was found t h a t  sm a ll do ses o f  th e  a c id  g r e a t ly  reduced

th e  s u r v iv a l  r a t e  o f  mice t r e a t e d  w ith  su lp h an ilam id e*

In  th e  ex p e rim en ts  sum m arised in  Table XXIV th e  u su a l

te ch n iq u e  f o r  th e r a p e u t ic  ex p e rim en ts  was employed -

inoculum  in t r a p e r i t o n e a l l y  and th r e e  subcu taneous doses

o f  m onoacety l su lphone a t  0 , 911(1 24 Hours -  b u t

2wam inobenzoic a c id  was a d m in is te re d  to  a p ro p o r t io n  o f
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th e  m ice two o r  th r e e  tim es d a i ly  a s  a 1:30  su sp en s io n  

added to th e  b r e a d - r a t io n ,  t h i s  b e in g  begun e i t h e r  a few 

days b e fo re  o r  a f t e r  in o c u la t io n *  F eed ing  o f  th e  same 

amount o f  p-am ino b en zo ic  a c id  to  norm al m ice was w ith o u t 

to x ic  e f f e c t s *  W ith s ta n d a rd  t r i p l e  dosage o f  m onoacetyl 

su lp h o n e , a d m in is t r a t io n  o f  p -am inobenzo ic  a c id  b eg in n in g  

a t  any tim e from  2 days b e fo re  in o c u la t io n  to  3 days a f t e r 

w ards, red u ced  th e  number o f  c u re s  to  2 o u t o f  .53 m ice a s  

compared w ith  7 o u t  o f  19 m ice f o r  th o se  w hich d id  n o t 

r e c e iv e  any p-am ino b en zo ic  a c id  -  a s t a t i s t i c a l l y  

s i g n i f i c a n t  d i f f e r e n c e  -  and in  n e a r ly  ev e ry  ca se  d ea th  

to o k  p la c e  w ith in  a day o r  two o f  commencement o f  th e  

s p e c ia l  feed in g *  W ith s m a lle r  doses o f  m onoacety l su lp h o n e , 

s im i la r  r e s u l t s  were o b ta in ed *  p—Am inobenzoic a c id  i t s e l f  

does n o t  e x e r t  any a n t i - s t r e p to c o c c a l  a c t i v i t y  in  v iv o  and 

i s  q u i te  h a rm le ss  when fe d  to  mice even in  la r g e  q u a n t i t ie s *  

I t s  e f f e c t  i n  r e v e r s in g  th e  th e r a p e u t ic  a c t i v i t y  o f  m onoaeet$ l 

su lphone may be re g a rd e d  a s  re sem b lin g  th e r a p e u t ic  i n t e r 

fe r e n c e . T h is phenomenon was d e s c r ib e d  by Browning and



G ulbransen  (11 , 12 ) i n  th e  case  o f  trypahosom e in f e c t io n s  

in  m ice . A d m in is tra tio n  o f  a dose o f  t r y p a f la v in e  

n o rm ally  c u r a t iv e  f o r  th e  p a r t i c u l a r  s t r a i n  o f  p a ra fu c h s in e -  

f a s t  trypanosom es, d id  n o t e f f e c t  cu re  i f  p a ra fu c h s in e  was 

a lre a d y  p r e s e n t  in  th e  body o f  th e  h o s t .  The i n t e r f e r i n g  

a g e n t -  p a ra fu c h s in e  -  m ust, how ever, be a lre a d y  p r e s e n t  

when th e  c u r a t iv e  compound i s  a d m in is te re d , and t h i s  p o in ts  

to  a d i r e c t  a c t io n  o f  p a ra fu c h s in e  upon th e  p a r a s i t e s .  

P a ra fu c h s in e  p ro b ab ly  com bines w ith  th e  p ro to p lasm  o f  th e  

trypano  somes in  such a way a s  to  b lo c k  th e  try p a n o c id a l  

a c t io n  o f  t r y p a f l a v in e • In . th e  case  o f  p -am inabenzo ic  

a c id ,  how ever, i t  h a s  been shown t h a t  in te r f e r e n c e  may be 

p roduced  by a d m in is t r a t io n  o f  p-am ino b en zo ic  a c id  

commencing a s  lo n g  a s  3 days a f t e r  in o c u la t io n  and tre a tm e n t 

w ith  th e  m onoacety l su lp h o n e . The th e o ry  h a s  been  su g g e s ted , 

p r i n c i p a l l y  by F i ld e s  ( 27 ) ,  t h a t  th e  r e v e r s a l  o f  su lp h an ilam id e  

a c t io n  by p-am ino b en zo ic  a c id  i s  due to  th e  f a c t  t h a t

p-am ino b en zo ic  a c id  (o r  some compound c lo s e ly  a l l i e d  to  i t )  

i s  e s s e n t i a l  f o r  th e  m ain tenance o f  b a c t e r i a l  m etabolism



and t h a t  su lp h a n ila m id e  b lo ck s th e  r e l a t e d  enzyme system , 

so t h a t  p-am ino b en zo ic  a c id  m ust be su p p lie d  a r t i f i c i a l l y  

to  com pensate f o r  th e  stoppage in  norm al sy n th e s is*  

p-Amino b en zo ic  a c id  i s  d e s c r ib e d  a s  an " e s s e n t i a l  m e ta b o li te "  

f o r  th e  o rg an ism s. T h is th e o ry  w i l l  be f u r th e r  n o te d  in  

S e c tio n  IV,

OQMPARISQH OF PUBLISHED RESULTS OT THERAPY,

I t  i s  a lm o st im p o ss ib le  to  draw any com parison  betw een 

th e  v a r io u s  p u b lis h e d  r e s u l t s  in  th e  tr e a tm e n t o f  ex p e rim en ta l 

in f e c t io n s  w ith  su lp h a n ila m id e  and a l l i e d  drugs* The 

so u rce  o f  in f e c t io n ,  th e  method o f  a d m in is t r a t io n  o f  th e  

d ru g , th e  s iz e  o f  th e  do se , and th e  p e r io d  o f  o b s e rv a tio n  a f t e r  

t r e a tm e n t a re  a l l  v a r ia b le  f a c t o r s  and th e  o n ly  p o s s ib le  

com parison i s  betw een th e  b e s t  r e s u l t s  o b ta in e d  by each  

o f  th e  v a r io u s  co m b in a tio n s o f  methods* The p e rc e n ta g e  

o f  s u rv iv o rs  i s  seen  to  depend upon th e  d u ra t io n  o f  tre a tm e n t 

w ith  su lp h an ilam id e*  Table XXV shows some o f  th e  r e s u l t s  

p u b lis h e d  f o r  th e  t r e a tm e n t w ith  su lp h an ilam id e  o f  

e x p e rim e n ta l h aem o ly tic  s t r e p to c o c c a l  in f e c t io n s  in  mice*
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The b e s t  r e s u l t s  by e i t h e r  o r a l  o r  subcu taneous a d m in is t ra t io n  

a re  o b ta in e d  by u s in g  a f a i r l y  la rg e  dosage d iv id e d  o v e r  

s e v e ra l  days -  a f a c t  which was em phasized by Long e t  a l . (68 ) 

who found t h a t  th e  s u r v iv a l  r a t e  and av e rag e  d u ra t io n  o f  

l i f e  were d e f i n i t e l y  b e t t e r  when th e  t o t a l  amount was g iv en  

a s  d iv id e d  do ses  on each  o f  th r e e  days in s te a d  o f  b e in g  

g iv e n  a s  th r e e  d a i ly  d o se s .

W ith d ia m in o -d ip h en y l-su lp h o n e  q u ite  fa v o u ra b le  r e s u l t s  

have been o b ta in e d  (T ab le  XXVI A ). Bauer and B o sen th a l (2) 

s t a t e d  t h a t  th e  diam ine su lphone g iv en  p e r  o s  was JO tim es 

a s  a c t iv e  by w eig h t a s  su lp h a n ila m id e , and M arsh a ll e t  a l .  (75) 

u s in g  th e  d r u g - d ie t  m ethod c la im ed  i t  to  be th r e e  tim es  a s  

a c t iv e  on th e  b a s i s  o f  b lood  c o n c e n tr a t io n s  o f  th e  d ru g s . 

B u t t le  e t  a l #( l5 )  a ls o  found th e  diam ino su lphone much 

more a c t iv e  th a n  su lp h a n ila m id e , and lo u m e a u  e t  a l . (29) 

m entioned  G.O^mg. a s  an  e f f e c t iv e  o r a l  dose a g a in s t  

s t r e p to c o c c a l  in f e c t io n s  in  mice f o r  b o th  th e  d iam ino - 

and d ia c e ty la m in o -  su lp h o n e s .

D iace ty la m in o -d ip h e n y l-su lp h o n e  a ls o  gave good

v
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th e ra p e u t ie  r e s u l t s  a g a in s t  haemo l y t i c  s t r e p to c o c c i  

(T ab le  XXVI B ). B auar and B o sen th a l (2 ) c la im ed  a th e ra p e u tic  

index  s ix  tim es  t h a t  o f  su lp h a n ila m id e , and B u t t le  e t  

s t a t e d  th e  d ia c e ty l  su lphone g iv en  p e r  o s  to  be te n  tim es 

a s  a c t iv e  a s  su lp h a n ila m id e .

There i s  no re c o rd  o f  p u b lis h e d  work on tr e a tm e n t w ith  

th e  mo no ac e t y l - u i  amino -d ip h e n y l-su lp h o  ne •

Discussion.

Table XXVII shows th e  v a ry in g  resp o n ses  to  tre a tm e n t 

w ith  su lp h a n ila m id e  o r  th e  su lphone d ru g s i n  s ta n d a rd  dosage 

a s  to  am ounts and tim es  o f  a d m in is t r a t io n ,  w hich were 

e x h ib i te d  a t  d i f f e r e n t  p e r io d s  by th e  K ruger s t r a i n  o f  

s t r e p to c o c c u s . I t  i s  c l e a r  t h a t  th e  outcome o f  

su lp h a n ila m id e  th e ra p y  was im m edia te ly  a f f e c te d  when th e  

o rgan ism s a c q u ire d  c a p s u le s ,  th e  p e rc e n ta g e  o f  c u re s  f a l l i n g  

from 63  p e r  c e n t ,  in  P e r io d  I  to  u n d er 10 p e r  c a n t ,  i n  

P e r io d s  I I . I l l , and IV . T reatm ent w ith  th e  m onoacety l 

su lphone was a lm o st a s  s u c c e s s fu l  in  P e r io d  I I  a s  w ith  

th e  non—c a p s u la te d  o rgan ism s o f  P e r io d  I  — o v e r  90 P®r  c e n t .
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o f  c u r e s .  D uring  th e  f u r th e r  m ain tenance o f  th e  s t r a i n  

th e  l e a s t  re sp o n s iv e  phase  o f  th e  o rgan ism s was reach ed  in  

P e r io d  I I I  w ith  j>4 p e r  c e n t ,  o f  c u re s .  The o rgan ism s o f  

P e r io d  IV, d e r iv e d  d i r e c t l y  from a s p le e n  d a t in g  from P e r io d  

I I  (T ab le  V I I ) ,  showed a p p a re n tly  a s l i g h t l y  g r e a te r  s e n s i t i v i t y  

to  su lphone tr e a tm e n t th a n  th o se  o f  P e r io d  I I I  (49 p e r  c e n t . )  

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

E x c e l le n t  r e s u l t s  were o b ta in e d  w ith  a l l  fo u r  d ru g s a g a in s t  

th e  n o n -c a p s u la te d  o rgan ism s o f  P e r io d  V.

I t  would a p p e a r , t h e r e f o r e ,  t h a t  w h ile  th e  i n i t i a l  

developm ent o f  c a p s u le s  q u ic k ly  d ec re a se d  th e  s e n s i t i v i t y  

o f  th e  o rgan ism s to  tre a tm e n t w ith  su lp h a n ila m id e , cu re  

co u ld  s t i l l  be e f f e c te d  by tre a tm e n t w ith  m o n o ace ty l- 

d ia m in o -d ip h e h y l-su lp h o n e . A f u r th e r ,  b u t m o rp h o lo g ic a lly  

u n re c o g n is a b le , a l t e r a t i o n  o c c u rre d , how ever, in  th e  

co u rse  o f  co n tin u e d  p assag e  o f  th e  s t r a i n  and t h i s  caused  

a marked r e d u c t io n  i n  i t s  c u r a b i l i t y  by th e  su lphone d ru g .

T h is phenomenon can s c a rc e ly  bm c o n s id e re d  a s  a ^

m a n ife s ta t io n  o f  ”drug—r e s i s t a n c e ” in  th e  g e n e ra l ly  acce p ted



se n se , s in c e  th e s e  a l t e r a t i o n s  o f  th e  s t r e p to c o c c i  had come 

abou t w ith o u t any exposu re  o f  th e  o rgan ism s to th e  s p e c i f ic  

d rug . The f a c t  t h a t  th e  n o n -c a p s u la te d  p h ases  o f  th e  

s t r a i n  showed r a t h e r  l e s s  v iru le n c e  f o r  m ice, su g g e s ts  

t h a t  c o n tin u e d  an im al p assag e  had  n o t  q%ly in c re a s e d  th e  . 1 

v i r u le n c e ,  b u t by d o in g  so had in c re a s e d  th e  r e s i s ta n c e  

o f  th e  o rg an ism  b o th  to  th e  n a tu r a l  d e fen c e s  o f  th e  h o s t ’s 

body and to  th e  ch em o th e rap eu tic  a g e n ts .

M o n o acd ty l-d iam in o -d ip h en y l-su lp h o n e  h a s  p roved  to  be 

th e  m ost e f f i c i e n t  o f  th e  sulphonam ide d ru g s  in  th e  a u th o r ’s 

e x p e rim e n ts . I t  g iv e s  th e  h ig h e s t  p ro p o r t io n  o f  c u re s  

w ith  b o th  c a p s u la te d  and n o n -c a p s u la te d  s t r a i n s  o f  s t r e p t o 

c o c c i .  The d ia c e ty l  su lphone i s  n e x t to  th e  mono a c e ty l  

su lphone in  th e r a p e u t ic  e f f i c a c y ,  b u t g iv e s  a low er 

p e rc e n ta g e  o f  c u re s ,  and th e  diam ino su lphone i s  o n ly  

s l i g h t l y  l e s s  a c t iv e  a g a in s t  h aem o ly tic  s t r e p to c o c c i .  

S u lphan ilam ide  i s  th e  l e a s t  e f f e c t iv e  o f  th e  d ru g s t e s t e d .

The s u r v iv a l  tim es  o f  mice dy ing  from th e  i n f e c t io n  a re  

r e l a t e d  to  th e  r a t e s  o f  a b s o rp tio n  and e x c re tio n  o f  th e



drugs; su lp h a n ila m id e  and th e  diam ino su lphone , th e  most 

so lu b le  o f  th e  th r e e  su lp h o n es , showed th e  s h o r te s t  s u rv iv a l  

tim es f o r  t r e a t e d  m ice in  which th e ra p y  f a i l e d .

When a t te m p ts  were made to  a s s e s s  th e  r e s u l t s  o f  

a l t e r a t i o n s  in  th e  dasage and in  th e  tim e o f  commencing 

t r e a tm e n t ,  anom alous r e s u l t s  were f r e q u e n t ly  o b ta in e d .

R eduction  i n  th e  am ounts g iv e n  by t r i p l e  dosage u s u a l ly  

r e s u l t e d  i n  a  d e c re a se  i n  th e  number o f  c u re s ,  a lth o u g h  t h i s  

was l e s s  e v id e n t  in  th e  case  o f  su lp h an ilam id e  and d iam ino - 

su lphone -  th e  two more r e a d i ly  ab so rb ed  d ru g s . A d m in is tra tio n  

o f  th e  m onoacety l su lphone in  a s in g le  dose in s te a d  o f  by 

e q u iv a le n t  t r i p l e  dosage had v e ry  l i t t l e  e f f e c t  in  red u c in g  

th e  number o f  c u r e s .  P ro p h y la c tic  t r e a tm e n t w ith  a l l  fo u r  

compounds was o f  p r a c t i c a l l y  no v a lu e  a s  a p r o te c t io n  

a g a in s t  i n f e c t io n  u n le s s  a d m in is t r a t io n  o f  th e  drug  to o k  

p la c e  w ith in  a  few h o u rs  b e fo re  in o c u la t io n  w ith  th e  

o rg an ism s. E i th e r ,  a s  i n  th e  ca se  o f  su lp h a n ila m id e , th e  

th e ra p e u t ic  a g e n t was too  r a p id ly  e x c re te d , o r  e l s e  a b s o rp tio n  

from th e  d ep o t o f  a  r e l a t i v e l y  in s o lu b le  d rug  such a s  th e
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m onoacetyl su lphone was p ro c ee d in g  a t  an  i n s u f f i c i e n t l y  h ig h  

r a te  by th e  tim e o f  in o c u la t io n *  The e x p la n a tio n  o f  t h i s  

s low ing  down p ro c e s s  rem ains so f a r  obscure*  D elayed 

tre a tm e n t was o f  v a lu e  o n ly  in  th e  ca se  o f  su lp h an ilam id e  

and diam ino su lp h o n e , s in c e  b o th  o f  th e s e  a re  r e a d i ly  

abso rbed  fo llo w in g  i n j e c t i o n ,  and a d m in is t r a t io n  o f  d rug  

was s t i l l  e f f e c t i v e  in  c o n t r o l l in g  an in f e c t io n  up to  6 h o u rs  

a f t e r  in o c u la t io n  o f  s t r e p to c o c c i*  T reatm ent w ith  th e  

mo no a c e ty l  su lp h o n e , w hich i s  l e s s  s o lu b le  and th e r e fo r e  

l e s s  r e a d i ly  ab so rb e d , had to  be begun n o t  l a t e r  th a n  

2 h o u rs  a f t e r  th e  inoculum  to  o b ta in  a h ig h  p e rc e n ta g e  o f  

cures*  P ro p h y la x is  o f  r e la p s e s  by a d m in is t r a t io n  o f  an 

a d d i t io n a l  dose o f  m onoacety l sulphone a day o r  so a f t e r  

th e  s ta n d a rd  t r i p l e  dosage d id  n o t  g iv e  a s t a t i s t i c a l l y  

s i g n i f i c a n t  in c re a s e  i n  th e  number o f  cures*  A lso , th e  

u se  o f  two d ru g s  in  tre a tm e n t which would have been ex p ec ted  

to  supp ly  th e  ad v a n tag es  b o th  o f  a r e a d i ly  ab so rbed  d rug  and 

o f  a more s lo w ly  ab so rb ed  compound f a i l e d  to  improve th e  

p e rc e n ta g e  o f  c u re s  o b ta in e d  w ith  e i t h e r  d rug  a lo n e .
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I n v e s t ig a t io n  o f  th e  in h ib i to r y  e f f e c t  o f  p~amino benzoic 

a c id  on th e  th e r a p e u t ic  a c t io n  o f  d ru g s o f  sulphonam ide 

type con firm ed  th e  f in d in g s  o f  o th e r  w orkers b u t gave no 

f u r th e r  i n s i g h t  in to  th e  mechanisms which m igh t be 

involved*

/



SECTION I I I

THE OOUESE OF INFECTION IN TREATED MICE
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D uring  th e  e x p e rim e n ta l work a lre a d y  d e s c r ib e d  on th e  

tre a tm e n t o f  s t r e p to c o c c a l  in f e c t io n s  in  mice* s e v e ra l  

in s ta n c e s  o f  l a t e  d e a th s  were re c o rd e d  in  which th e  cause 

o f  d e a th  was shown to  be s t r e p to c o c c a l  se p tic a e m ia  -  an 

ex p e rien c e  a ls o  r e p o r te d  by o th e r  w o rk e rs , G olebrook e t  a l * ( 21 )* 

Long and B l i s s  ( 65 , 66 )* T his su g g es ted  an in v e s t ig a t io n  o f  

th e  d a y - to -d a y  c o n d it io n  o f  th e  b lood  o f  in f e c te d  an im als  

un d erg o in g  tr e a tm e n t w ith  sulphonam ide d ru g s , a p ro ced u re  

w hich does n o t  seem to  have been employed h i th e r to *

TECHNIQUE«

As p re v io u s ly  d e s c r ib e d , mice were in o c u la te d  

i n t r a p e r i t o n e a l l y  w ith  a 24 hours* b ro th  c u l tu r e  o f  h aem o ly tic  

s t r e p to c o c c i  d i lu t e d  so t h a t  th e  dose , Q*25cc* , was te n  

tim es th e  inoculum  s u f f i c i e n t  to  cause d e a th  from



se p tic a e m ia  of* a l l  u n tr e a te d  c o n t ro l  mice in  ab o u t 24 hours* 

Subcutaneous tr e a tm e n t was g iven  a t  0 ,5 ,  and 24 h o u rs  a f t e r  

th e  inoculum , dosage depending on th e  p a r t i c u l a r  d rug  

employed.

5V>r exam ining th e  b lood  o f  t r e a te d  an im als  a sim ple  

method was d e v ise d  to  m inim ise p o s s ib le  co n tam in a tio n  d u r in g  

th e  ta k in g  o f  th e  sam ple♦ The mouse was p la c e d  in  a 

c lo se d  box o f  a  s iz e  j u s t  s u f f i c i e n t  to  accommodate i t ,  w ith  

i t s  t a i l  p ro tru d in g  th ro u g h  a s l o t  i n  th e  l i d ;  th e  t i p  

o f  th e  t a i l  was d ip p ed  in  a s o lu t io n  o f  c r y s t a l - v i o l e t  

and b r i l l i a n t - g r e e n  (0 .5  P®* c e n t ,  o f  each  in  a b s o lu te  

a lc o h o l)  and a llo w ed  to  d ry  f o r  a t  l e a s t  a m inute* The 

s u f fa c e  o f  th e  t a i l  was th e n  wiped w ith  c o t to n —wool soaked 

in  s p i r i t  and th e  t i p  r e f re s h e d  w ith  s t e r i l e  scissofcss.

A drop o f  b lo o d  was ex p re ssed  and one lo o p fu l  ( ta k e n  w ith  

a sm a ll p la tin u m  lo o p  o f  s ta n d a rd  s ix e  -  2mm. in  d ia m e te r)  

used  to  make a s in g le  s tro k e  on th e  su r fa c e  o f  an a g a r  

p la te  — a p ro c e s s  in  iwhich p r a c t i c a l l y  th e  whole lo o p fu l  

o f  b lood  was t r a n s f e r r e d  to  th e  ag a r  s u r f a c e .  The p l a t e
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was in c u b a te d  f o r  24 h o u rs  and th e  number o f  c o lo n ie s  

co u n ted . I t  was n o t  found n e c e s s a ry  to  r e p e a t  th e  whole 

s t e r i l i s i n g  p ro c e s s  f o r  every  p l a t i n g ,  a s in g le  swabbing w ith  

s p i r i t  b e in g  s u f f i c i e n t  to  remove co n tam in an ts  from th e  

t a i l - s u r f a c e  on s e v e r a l  o c c a s io n s  a f t e r  th e  o r i g i n a l  

p a in t in g ,  b u t  th e  dye tre a tm e n t was u s u a l ly  c a r r i e d  o u t  a t  

weekly i n t e r v a l s  d u r in g  th e  p e r io d  o f  th e  o b se rv a tio n s*

Ihe d i f f i c u l t y  p re v io u s ly  met w ith  in  o b ta in in g  c u l tu r e s  

o f  t a i l - b lo o d  f r e e  from  s u r fa c e  co n tam in an ts  was no lo n g e r  

found a f t e r  th e  above p ro ced u re  had been a d o p ted . D a ily  

ex am in a tio n  o f  t r e a t e d  an im als was n o t  found to  have any 

harm fu l e f f e c t s  on th e  mice and even the  p re c a u tio n  o f  

e n c lo s in g  th e  an im al in  a box d u rin g  w ith d raw al o f  th e  

b lood  was u n n ec essa ry  a f t e r  th e  second o r  t h i r d  day , a s  .
. I!

th e  mice v e ry  r a p id ly  became accustom ed to  th e  p ro c e s s .

When i t  was d e s i r e d  to  in o c u la te  f r e s h  mice from an im als  

under o b s e rv a t io n , one drop o f  t a i l —blood  added to  0 . 25c c . (

b ro th  was u sed  f o r  i n t r a p e r i t o n e a l  in o c u la t io n  o f  each  new 

mouse.
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For th e s e  in v e s t ig a t io n s  two d i f f e r e n t  s t r a i n s  o f  

h aem o ly tic  s t r e p to c o c c i  -  S tre p to c o c c u s  K ruger P e r io d  IV and 

S tre p to c o c c u s  Shomson, b o th  c a p s u la te d  ty p e s  -  were u sed , 

and tr e a tm e n t was w ith  su lp h an ila m id e  and 4 : 4 t -m o n o ace ty l-  

d ia m in o -d ip h e n y l-su lp h o n e #

UNTBEATED OQNTBQLS,

In  m ice w hich were in o c u la te d  w ith  a d i l u t i o n  o f  th e  

c u l tu r e  e q u a l to  10 M#L#D. and re c e iv e d  no t r e a tm e n t ,  th e re  

was a r a p id  m u l t ip l i c a t i o n  o f  th e  in v a d in g  o rgan ism s in  

th e  b lo o d , and d e a th  from se p tic a em ia  u s u a l ly  w ith in  24 

hours# E xam ination  o f  the  b lood  o f  such mice by p l a t i n g  

a t  f re q u e n t  i n t e r v a l s  d u r in g  th e  f i r s t  9 h o u rs  a f t e r  in o c u la t io n  

showed t h a t  even a f t e r  1-jg- h o u rs  a s in g le  drop o f  b lood  

c o n ta in e d  up to  100 o rg an ism s, ju d g in g  by th e  number o f  

c o lo n ie s  grow ing on agar# In  4 to 6 h o u rs  from th e  tim e 

o f  in o c u la t io n  m u l t ip l i c a t i o n  o f  th e  in v a d in g  o rgan ism s 

had reach ed  a s ta g e  a t  which enum eration  was p r a c t i c a l l y  

im p o ss ib le , and no f u r th e r  d i f f e re n c e  in  numbers co u ld  be 

d is t in g u is h e d  by th e  p r e s e n t  m ethods o f  o b se rv a tio n #
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!EBEAMEaJT WITH SULPHANILAMIDE.

As shown in  Table XXVIII, o u t o f  15 mice ( ta k e n  from 

th re e  s e p a ra te  ex p e rim en ts ; t r e a te d  w ith  th e  s ta n d a rd  t r i p l e  

dosage o f  su lp h a n ilam id e  o n ly  one was c u re d . The b lood  o f  

t h i s  mouse rem ained n e g a tiv e  th ro u g h o u t th e  51 days o f  

ex am in a tio n , w h ile  th e  anim al i t s e l f  was s t i l l  a l iv e  and 

w e ll 5 months l a t e r .  The o th e r  mice so t r e a te d  d ie d  in  

2 o r  5 days a f t e r  in o c u la t io n  w ith  no ev idence  o f  any 

c o n t ro l  o f  th e  number o f  s t r e p to c o c c i  i n  th e  b lo o d , ex cep t 

i n  2 c a se s  (E in  Table XXVIII) where th e  b lood  was f r e e  

from  organ ism s on th e  a f te rn o o n  fo llo w in g  th e  t h i r d  dose , 

b u t became p o s i t iv e  th e  n e x t day, and b o th  mice d ie d  o f  

s t r e p to c o c c a l  se p tic a em ia  on th e  f o u r th  day o f  th e  

ex p e rim en t. T his s c r i e s  i l l u s t r a t e s  w e ll th e  g e n e ra l 

ex p e rien c e  t h a t  in  th e  mouse su lp h an ilam id e  i s  a 

r e l a t i v e l y  i n e f f i c i e n t  th e ra p e u t ic  ag e n t a g a in s t  e e r t a in  

s t r e p to c o c c a l  i n f e c t io n s .



IKSATMBNT WITH 4 ; 4 t ^ivD3^AQEl^L-DIiUilIM3-DIPHSNYL^SIJLPHDNE. 

Dosage was g e n e ra l ly  a t  th e  rat©  o f  6 .7 ,4«Q ,4 ,0m g. a t  

Q, 5# and. 24 h o u rs , a lth o u g h  th re e  doses o f  2.5zag« o r  th re e  

doses o f  l , 67mg. were u sed  in  some o f  th e  e a r l i e r  

ex p e rim e n ts .

In  g e n e ra l th e  ty p e s  o f  b eh av io u r among m ice in o c u la te d  

and t r e a t e d  a s  d e s c r ib e d  above, may be d iv id e d  in to  th e  

fo llo w in g  c a te g o r ie s

Cures (33fo) (A) O rganism s n ev e r found in  th e  b lood
(38^ o f  c u r e s ) .

(3) Eew organ ism s p r e s e n t  a t  some s ta g e
(38^ o f  c u r e s ) .

(C) Abundant o rgan ism s a t  some s ta g e
(24/* o f  c u r e s ) .

D eath  due to  s t r e p to c o c c a l  s e p tic a e m ia  (67^ ) s -

(D) Blood n ev e r f r e e  forom organ ism s
( 2 9 o f  d e a th s ) .

(E) O rganism s g ra d u a l ly  appeared  in  th e  b lood
b e fo re  d e a th  (59i° o f  d e a th s ) .

(E) Blood n e g a tiv e  up to  day o f  d ea th
(12^ o f  d e a th s ) .

(See Table XXIX.)



Cures in  which few o r  no o rgan ism s were e v e r  found in  

th e  b lo o d  were re p re s e n te d  by ab o u t 25 p e r  c e n t ,  o f  th e  t o t a l  

mjcb. t r e a t e d ,  w h ile  ab o u t 8 p e r  c e n t ,  showed cu re  o c c u rr in g  

even a f t e r  abundant s t r e p to c o c c i  had been o b se rv ed  in  th e  

b lo o d . In  th e  l a t t e r ,  th e  p e r io d  d u rin g  which s t r e p to c o c c i  

were c o n tin u o u s ly  p r e s e n t  in  la rg e  numbers was g e n e ra l ly  

1 to  4 d ay s , b u t in  one in s ta n c e  was 10 days (b eg in n in g  3 days 

a f t e r  a f r e e  p e r io d  o f  4 d a y s ) , w h ile  a n o th e r  mouse was 

e v e n tu a l ly  cu red  a f t e r  a 23-day  p e r io d  o f  h ig h  in f e c t io n  

l a s t i n g  from th e  t h i r d  day a f t e r  in o c u ltio n *  When th e  

b lo o d  was n ev e r f r e e  from s t r e p to c o c c i  -  (D) -  th e  p e r io d  o f  

s u r v iv a l  a f t e r  in o c u la t io n  u s u a l ly  v a r ie d  from 1 to  13  daysn 

— a  s u rv iv a l  p e r io d  o f  3^ days b e in g  e x c e p tio n a l .

I n  th e  m ost common ty p e  o f  b eh av io u r -  (E) -  d ea th  

o c c u rre d  from ^ to  20 days a f t e r  in o c u la t io n  and th e  b lood  

was i n  many c a se s  co m p le te ly  f r e e  from  organ ism s £o r a 

p e r io d  o f  1 to  10 days d u r in g  t h a t  tim e .

In  2 an im als  in c lu d e d  in  c l a s s  (E) th e  b lo o d  showed 

sc a n ty  s t r e p to c o c c i  o n ly  on one and th re e  o c c a s io n s  w ith in
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th e  f i r s t  week, b u t a f t e r  f r e e  p e r io d s  o f  8 and 31 days, 

th e y  d ie d  suddenly  o f  s t r e p to c o c c a l  s e p tic a e m ia .

C e r ta in  f a c t s  o f  im portance have app eared  from th e se  

t a i l - p l a t i n g  s tu d i e s .

(1 ) A mouse in f e c te d  w ith  h ig h ly  v i r u l e n t  h aem o ly tic  

s t r e p to c o c c i  and th e n  t r e a t e d ,  may ap p ea r to  he in  p e r f e c t  

h e a l th  w ith  s le e k  norm al c o a t and good a p p e t i t e ,  and y e t  

he found to  h a rh o u r la rg e  numbers o f  f u l l y  v i r u l e n t  o rgan ism s 

i n  i t s  blood* A s in g le  sm a ll lo o p fu l  o f  t h i s  b lood  

d i lu t e d  in  0 *25e c . o f  b ro th  and a t  once in je c t e d  

i n t r a p e r i t o n e a l ly  in to  a  f r e s h  mouse caused  d e a th  in  24 

h o u rs , w h ile  th e  o r i g i n a l  mouse co n tin u ed  to  l i v e  a p p a re n tly  

u n a f f e c te d  by th e  in f e c te d  c o n d it io n  o f  i t s  b lo o d stream .

T his h a s  been d em o n stra ted  in  th e  case  o f  9 s e p a ra te  an im als 

o f  w hich 3 were e v e n tu a l ly  c u red , th e  above r e s u l t s  b e in g  

o b ta in e d  on 17 ex a m in a tio n s . Two an im a ls , how ever, 

s im i la r ly  in o c u la te d  w ith  a lo o p fu l  o f  b lo o d  each  from an 

in f e c te d  mouse su rv iv e d  w ith o u t showing i l l n e s s ,  a lth o u g h  

b ro th  c u l tu r e s  from o th e r  d rops tak en  a t  th e  same tim e and
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incubated . o v e rn ig h t caused  f a t a l  in f e c t io n s  when 0 #25cc# , 

u n d i lu te d ,  was in je c te d  i n t r a p e r i t o n e a l ly .  T his r e s u l t  

i n d ic a te s  t h a t  in  th e se  c a se s  th e  v iru le n c e  o f  th e  organ ism s 

had  been c o n s id e ra b le  reduced  in  th e  body o f  th e  host#

(2) In  o n ly  2 o u t o f  27 c a se s  i n  which th e  organism s 

i s o l a t e d  in  c u l tu r e  from th e  b lood  o f  t r e a te d  mice were 

t e s t e d  f o r  v iru le n c e  d id  th e  s t r e p to c o c c i  prove to  be n o n - 

v i r u le n t#  In  b o th  th e s e  in s ta n c e s  o n ly  sc a n ty  s t r e p to c o c c i  

were found  on p l a t i n g  and w h ile  th e se  grew f r e e ly  in  su b c u ltu re  

i n  b ro th ,  th ey  d id  n o t k i l l  mice in je c t e d  w ith  0 . 25c c . o f  

th e  u n d ilu te d  cultures.*. In  n e i th e r  case  d id  th e  o r ig in a l  

mouse d ie  from  s t r e p to c o c c a l  se p tic a e m ia , a lth o u g h  one o f  

th e s e  had th r e e  l a t e r  r e la p s e s  o f  one o r  two days* d u ra t io n  

when s t r e p to c o c c i  a g a in  appeared  in  th e  blood# The 

v iru le n c e  o f  th e se  r e la p s e  o rgan ism s was o n ly  t e s t e d  by

d i r e c t  in o c u la t io n  o f  b lood  o n ce , and th ey  th en  p roved  to j
i
V

be n o n - v i r u le n t . The o rgan ism s were ca p 'su ia te d . !

(j5) Blood from mice w hich were r e s i s t a n t  to  th e  

la rg e  numbers o f  v i r u l e n t  s t r e p to c o c c i  in  t h e i r  c i r c u l a t i o n ,



was on two o c c a s io n s  used  to  in o c u la te  f u r th e r  mice in  

th e  manner d e s c r ib e d  above, i . e ,  d i r e c t  in o c u la t io n  o f  b lood ; 

and th e s e  mice were th e n  t r e a te d ,  b u t w ith  sm a lle r  doses th a n  

th e  o r i g i n a l  mice* In  one s e r i e s ,  1 su rv iv e d  o u t  o f  

3 mice t r e a te d  w ith  3»3>2*0,2*0mg*(7*3mg« in  a l l ) ,  th e  

o th e r  2 dy ing  in  5 10 days r e s p e c t iv e ly ;  w h ile  o f

3 mice r e c e iv in g  2 .0 ,1 * 4 ,l*4mg*( 4 ,8mg* in  a l l )  a l l  d ie d  

i n  6 to  8 days* The u n tr e a te d  c o n t ro ls  d ie d  in  24 h o u rs , th u s  

in d ic a t in g  a  h ig h ly  v i r u l e n t  in f e c t io n .  In  a n o th e r  

s e r i e s  th e  "un trea ted  c o n t ro ls  l iv e d  f o r  betw een 24 and 48 

h o u rs , th e  v iru le n c e  o f  th e  organ ism s b e in g  somewhat 

d im in ish ed , and a l l  th e  t r e a te d  mice were cu red  -  th e  dosages 

o f  d rug  b e in g  th e  same a s  th o se  J u s t  m entioned . Meanwhile 

th e  b lo o d  o f  th e  o r i g i n a l  mouse became f r e e  f o r  4 days, 

and a lth o u g h  d e a th  o c c u rre d  th e n , no b a c te r i a  o f  any 

k in d  were reco v e re d  p o s t  mortem from th e  h e a r t -b lo o d .
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DISCUSSION,

An a n a ly s is  o f  a l l  th e  f in d in g s  o f  th e s e  t a i l - p l a t i n g  

ex p erim en ts  a llo w s  th e  fo llo w in g  p o in ts  to  he d e f in e d ,

I i ^ f e c te d  mice w hich were t r e a te d  w ith  th e  s ta n d a rd  

t r i p l e  dosage o f  su lp h an ilam id e  o n ly  v e ry  r a r e ly  showed 

im m ediate and com plete s t e r i l i s a t i o n  o f  th e  b lo o d  in  th e  

ca se  o f  th e  s t r a i n s  o f  s t r e p to c o c c i  employed* The u s u a l 

r e s u l t  was a  p ro lo n g a tio n  o f  l i f e  by a day o r  two a s  

compared w ith  th e  u n tr e a te d  c o n t ro ls ;  o c c a s io n a l ly  th e  

d rug  p roduced  a  t r a n s i e n t  i n i t i a l  s t e r i l i s a t i o n  o f  th e  

b lo o d -s tre a m , h u t g e n e ra l ly  orgjanidms were c o n t in u a l ly  

p r e s e n t  in  th e  b lo o d .

W ith th e  d ep o t-fo rm in g  mono a c e ty l  su lp h o n e , th e  

p ic tu r e  o f  e v e n ts  fo llo w in g  tre a tm e n t was r a th e r  more 

v a r ie d  and seemed to  be s tro n g ly  in f lu e n c e d  by th e  

in d iv id u a l  h o s t .  Perm anent s t e r i l i s a t i o n  o f  th e  b lood

stream  o c c u rre d  a lm o st a t  once in  25 p©r c e n t ,  o f  th e  

t r e a t e d  m ice, in d ic a t in g  a r a p id  re sp o n se  to  tre a tm e n t 

w hich d id  n o t p e rm it o f  f u r th e r  a n a ly s is  o f  th e  f a c to r s
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in v o lv e d  in  therapy*  A more i n t e r e s t i n g  f in d in g  was th e  

d e m o n stra tio n  o f  th e  b a lan ce  s e t  up betw een in v a d in g  

o rgan ism s on one hand and drug  and d e fe n s iv e  mechanisms 

o f  th e  h o s t  on th e  o th e r .  In  th e  case  o f  mice which 

succumbed to  in f e c t io n  d e s p i te  t r e a tm e n t ,  th e  same c o n te s t  

betw een opp o sin g  f o rc e s  was a g a in  e v id e n t ,  b u t in  th e se  

th e  o rgan ism s e v e n tu a l ly  g a in ed  m a s te ry .

The im portance o f  th e  p a r t  p la y ed  by th e  h o s t  in  

b r in g in g  ab o u t c o n t ro l  o f  th e  in f e c t io n  i s  em phasized by 

th e  v a r i e t y  o f  th e  in d iv id u a l  re sp o n se s  to  tre a tm e n t a s  

d em o n stra ted  by th e  stu d y  o f  th e  c o n tin u ed  p re se n c e  o r  

g ra d u a l d isap p ea ran ce  o f  v i r u l e n t  o rgan ism s in  th e  b lo o d . 

T h i s . i s  no sim ple c o n te s t  betw een a c e r t a in  number o f  

v i r u l e n t  o rgan ism s and a m easured amount o f  an a c t iv e  

d ru g , f o r  su c ce ss  o r  f a i l u r e  depends on the  a b i l i t y  o f  th e  

h o s t  to  a s s i s t  in  th e  d e s t r u c t io n  o f  th e  o rgan ism s by 

means o f  th e  d e fe n s iv e  mechanisms n a tu r a l ly  p ro v id e d . A 

s im i la r  inoculum  o f  o rgan ism s in je c te d  w ith o u t th e ra p y  

r e a d i ly  overwhelms th e  an im al*s norm al m ethods o f  d e fen ce ,
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b u t a d m in is t r a t io n  o f  a drug  o f  f a i r l y  p ro lo n g ed  a c t io n  

f r e q u e n t ly  enab les th e  body to  oppose such an in v a s io n  

s u c c e s s fu l ly .

However, th e  p o s s i b i l i t y  m ust n o t  be o v erlo o k ed  t h a t  

th e  n a tu r a l  re sp o n se  o f  th e  h o s t  to  in f e c t io n  shows 

c o n s id e ra b le  v a r i a t i o n s  in  d i f f e r e n t  m ice, and even w ith  

m ice o f  eq u a l w eigh t r e c e iv in g  i d e n t i c a l  in o c u la  o f  

o rgan ism s and doses o f  d rug , th e  f i n a l  r e s u l t  depends on 

th e  n a tu r a l  r e s i s ta n c e  o f  th e  an im al to  in f e c t io n .  That 

t h i s  "mouse f a c to r "  may n o t be q u ite  g r e a t  enough to  tu r n  

th e  s c a le  in  fav o u r o f  com plete c u re , i s  shown in  th e  

fo llo w in g  in s ta n c e *  In  t h i s  an im al th e  numbers o f  

s t r e p to c o c c i  in  th e  b lood  showed a l t e r n a t e  r i s e s  and f a l l s  

u n t i l  th e  17 t h  day o f  th e  experim en t when a v e ry  h ig h  

l e v e l  was reach ed  and m a in ta in e d  f o r  12 days* A sudden 

f a l l  i n  numbers was o b se rv ed  on th e  JO th  day, b u t th e re  

was n o t com plete d isa p p ea ran ce  o f  th e  o rgan ism s; th e se  

had  in c re a s e d  a g a in  by th e  fo llo w in g  day and d e a th  o c c u rre d  

from  s t r e p to c o c c a l  se p tic a e m ia  on th e  JJth . day*



I t  h as  been dem onstra ted  by th e  above method o f  

ex am ina tion  t h a t  v i r u l e n t  o rgan ism s may p e r s i s t  i n  th e  b lood  

o f  a mouse f o r  a c o n s id e ra b le  p e r io d  w ith o u t any ap p a re n t 

i l l  e f f e c t s  on th e  h o s t ,  which may e v e n tu a l ly  re c o v e r  

co m p le te ly  and show a n e g a tiv e  b lood  c u l t u r e ♦ I t  a lso  

ap p e a rs  t h a t  in  some an im als  th e  c i r c u l a t i n g  organ ism s 

become d im in ish ed  in  v iru le n c e  j u s t  b e fo re  th e y  f i n a l l y  

d is a p p e a r  from th e  blood* Both th e se  f in d in g s  ag ree  w ith  

th e  th e o ry  t h a t  a b a lan ce  i s  s e t  up betw een th e  opposing  

e lem en ts in  th e  body o f  an  in f e c te d  and t r e a te d  an im al, 

and th e  second i l l u s t r a t e s  th e  means by w hich th e  in v ad in g  

o rgan ism s a re  f i n a l l y  overcom e.

I t  h a s  a lre a d y  been p o in te d  o u t by Browning (6 ) ,  

i n  c o n f irm a tio n  o f  r e s u l t s  r e p o r te d  by M ellon e t  a l « (7 7 ) . 

t h a t  f i lm s  made from th e  p e r i to n e a l  c o n te n t o f  in o c u la te d  

and t r e a t e d  mice showed no v e ry  g r e a t  a b n o rm a lit ie s  a s  

re g a rd s  th e  ty p e s  and numbers o f  c e l l s  p re se n t*  Scanty 

s t r e p to c o c c i  were found to  p e r s i s t ,  how ever, and th e se  

y ie ld e d  abundant grow th on c u l tu r e  o f  a sm all lo o p fu l  o f



p e r i to n e a l  exudate# The heavy dose o f  v i r u l e n t  o rgan ism s 

had "been a lm o st co m p le te ly  su p p ressed  by th e  combined a c t io n  

o f  d rug  and body d e fe n c e s , b u t rec ru d escen c e  o f  th e  in f e c t io n  

fo llo w ed  r a p id ly  on c e s s a t io n  o f  trea tm en t#  The organism s 

reco v e re d  on one o c c a s io n  a f t e r  such a f a i l u r e  o f  th e ra p y  

were found to  be d i s t i n c t l y  a t te n u a te d  in  v iru le n c e  when 

compared w ith  th e  o rgan ism s o f  th e  o r i g i n a l  inoculum# T his 

su g g e s ts  t h a t ,  a s  in  th e  r e a c t io n  o f  immunised an im als  

tow ards in o c u la  o f  v i r u l e n t  a n th ra x  b a c i l l i  ( P r e i s z ,9 2 ) ,  

th e  c o n d it io n s  in  th e  body o f  a t r e a t e d  mouse a re  o f te n  

u h s u ite d  f o r  th e  co n tin u ed  p r o l i f e r a t i o n  and developm ent 

o f  p a th o g en ic  p ro p e r t ie s #  A s im i la r  o cc u rren ce  h as  

a lre a d y  been d e s c r ib e d  in  th e  p r e s e n t  work (p#87)» Blood 

from  a mouse w hich was r e s i s t a n t  to th e  la rg e  numbers o f  

s t r e p to c o c c i  p r e s e n t  in  i t s  c i r c u l a t i o n ,  was used  to  

in o c u la te  a s e t  o f  f r e s h  mice# The u n tr e a te d  mice o f  t h i s  

s e t  l iv e d  f o r  up to  48 h o u rs , th e re b y  in d ic a t in g  a s l i g h t  

d im in u tio n  in  th e  v iru le n c e  o f  th e  o rg an ism s, w h ile  th e  

t r e a t e d  mice a l l  su rv iv e d  in fe c t io n #  The c o n d itio n s  o f
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organ ism s v e r s u s  h o s t ’s t i s s u e s  u lu s  drug  had m erely  toeen 

co n tin u ed  in  th e  newly in f e c te d  and t r e a t e d  anim als#

In  no case  h as  any a l t e r a t i o n  o c c u rre d  in  th e  

c a p s u la t io n  o f  o rgan ism s d u rin g  th e  co u rse  o f  o b se rv a tio n s#  

The s ig n i f ic a n c e  o f  th e se  ex p e rim en ta l f in d in g s  i s  

d is c u s se d  f u r th e r  in  S e c tio n  V a lo n g  w ith  o th e r  th e o r ie s  o f  

sulphonam ide a c t io n .



SECTION IV

i

*

THE ACTION OF StJEEHANILAMIBB IN VITBO



I a  v iew  o f  th e  c o n s id e ra b le  a n t i b a c t e r i a l  a c t io n  shown 

by th e  sulphonam ide d rugs in  ex p erim en ts  i n  v ivo  j w ith  

c e r t a in  o rgan ism s,; i t  i s  s u r p r i s in g  a t  f i r s t  to  f in d  how 

s l i g h t  an e f f e c t  i s  p roduced when th e se  d ru g s a re  t e s t e d  

a g a in s t  th e  same organ ism s in  v i t r o  in  th e  o rd in a ry  ty p e s  

o f  c u l tu r e  medium# T his i s  in  d i r e c t  c o n t r a s t  to  th e  

r e s u l t s  w ith  d rugs w hich have po w erfu l a n t i s e p t i c  

p r o p e r t i e s  i n  v i t r o ,  s in c e  th e  l a t t e r  a re  o f  l i t t l e  v a lu e  

f o r  th e  tre a tm e n t o f  a g e n e ra l is e d  b a c t e r i a l  in f e c t io n .

The p a r t i c u l a r  ty p e  o f  o rgan ism  used  i s  o f  g r e a t  

im p o rtan ce . The p a r a s i t i c  n a tu re  o f  c e r t a in  o rgan ism s 

i s  shown by t h e i r  m e tab o lic  req u irem e n ts ; i f  an organism  

r e q u i r e s  f o r  i t s  fo o d -m a te r ia l  a compound o c c u rr in g  

n a tu r a l ly  o n ly  a s  a r e s u l t  o f  th e  a c t i v i t y  o f  some o th e r  

l i v i n g  system , i t  becomes o b l ig a to r i l y  a p a r a s i t e .
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O rganism s w hich produce a g e n e ra l is e d  in f e c t io n  in  th e  

l i v i n g  body a re  by n a tu re  p a r a s i t i c ,  and th e  p re sen ce  o f  b lo o d , 

serum, o r  some form  o f  p r o te in  d ig e s t  in  th e  c u l tu re  medium 

i s  u s u a l ly ,  b u t n o t  alw ays, e s s e n t i a l  f o r  t h e i r  u n r e s t r i c t e d  

grow th in  v i t r o  ♦ By d i f f e r e n t i a t i n g  betw een th e  n e c e ssa ry  

and th e  su p e rf lu o u s  components o f  th o se  added m a te r ia l s ,  

th e  s o - c a l le d  " s y n th e t ic  m edia" have been ev o lv ed . In  

th e  ca se  o f  th e  s tre p to c o c c u s , how ever, th e  com plex ity  o f  

th e  s y n th e t ic  medium re q u ire d  h as  le d  s e v e ra l  w orkers to  

c a r r y  o u t  i n  v i t ro ex p erim en ts  w ith  th e  sulphonam ide d rugs 

by means o f  B. c o l i  -  an  organism  which grows ab u n d an tly  

i n  medium o f  f a i r l y  sim ple co m p o sitio n . I t  i s  d o u b tfu l 

i n  how f a r  th e  r e s u l t s  w ith  one s p e c ie s  o f  organimm can be 

a p p l ie d  d i r e c t l y  to  a n o th e r . Cooper e t  a l* (2 3 ) ,  u s in g  a 

s t r a i n  o f  P le x n e r ’ s d y se n te ry  b a c i l l u s  in  s e v e ra l  ty p e s  o f  

medium, su g g ested  t h a t  th e re  was a d i r e c t  r e la t io n s h ip  

betw een th e  n u t r i t i v e  q u a l i ty  o f  media and th e  degree o f  

b a c t e r i o s t a t i c  o r  b a c t e r i c id a l  a c t i v i t y  o b se rv ed  -  th e  

medium m ost fav o u rab le  by i t s e l f  to  grow th g iv in g  th e  b e s t
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i n h ib i to r y  r e s u l t s  in  p resen ce  o f  th e  drug* While 

en richm en t o f  a sim ple medium by th e  a d d i t io n  o f  b lood  o r  

serum , etc#  undoub ted ly  in c re a s e s  th e  n u t r i t i v e  v a lu e  o f  

th e  medium, i t  was found t h a t  o th e r  f a c to r s  were in tro d u c e d  

a t  th e  same tim e which in t e r f e r e d  w ith  d rug  a c t i v i t y ,  and 

th e  i d e n t i f i c a t i o n  o f  th e se  w idened th e  f i e l d  o f  

in v e s t ig a t io n  o f  sulphonam ide a c t io n .

I t  i s  p roposed  in  t h i s  s e c t io n  to  d e a l w ith  th e  

p u b lis h e d  and ex p e rim en ta l r e s u l t s  o f  in  v i t r o  t r i a l s  in  

so f a r  a s  th e y  a re  concerned  w ith  th e  d i f f e r e n t  d eg rees  

o f  a n t i b a c t e r i a l  a c t iv iv y  o f  th e  sulphonam ide d rugs in  

v a ry in g  ty p e s  o f  media and th e  th e o r ie s  o f  t h e i r  mode o f  

a c t io n  which have been ev o lv ed . f i n a l l y  th e  developm ent 

o f  r e s i s t a n c e  to  th e  drug  b o th  in  v i t r o  and i n  v ivo  w i l l  

be c o n s id e re d .



PUBLISHED RESULTS*

E f f e c t  on llaemo l y t i c  S tre p to c o c c i .

Colebrook e t  a l . ( 2 0 )  found t h a t  1 :1 0 ,0 0 0  su lp h an ilam id e  

in  W rig h t 's  b ro th  was s u f f i c i e n t  to  slow down th e  grow th 

o f  a sm all inoculum  o f  s t r e p to c o c c i  f o r  2 to  5 d ay s , b u t 

la rg e  in o c u la  were n o t in h ib i t e d  by 1 :100 su lphan ilam ide*  

S u lphan ilam ide in  d e f ib r in a te d  human b lood  o r  serum caused  

slow  d e s t r u c t io n  o f  th e  o rgan ism s a f t e r  a p e r io d  o f  abou t 

6 h o u rs ' m u l t ip l i c a t i o n  in  p re se n ce  o f  th e  drug; b u t th e  

b lo o d  o f  r a b b i t s ,  g u in e a -p ig s , o r  m ice, and d e leu co cy ted  

human b lood  were a l l  l e s s  s a t i s f a c to r y  media in  which to  

dem o n stra te  b a c te r i e id a l  a c t io n .  P in k ie s to n e -S a y l is s

e t  _ a l.(2 S ) em phasised t h a t  grow th o f  th e  inoculum  was 

s t im u la te d  a t  f i r s t  by su lp h an ilam id e  and th e n  th e re  

fo llo w ed  a r a p id  d e c lin e  in  p o p u la tio n ; and a lao  t h a t  

26-h o u r  c u l tu r e s  were a lm o st im m ediately  a f f e c te d  by
K>

1 :10 ,000  su lp h an ilam id e  a s  compared to  young c u l tu r e s .

M ellon e t  a l . ( 7 7 )  n o te d  th e  d isc re p an c y  betw een r e p o r t s  

t h a t  su lp h an ilam id e  in  c o n c e n tra t io n s  o f  1 :1 0 ,0 0 0  to



1 :2 ^ ,0 0 0  in  "broth, human serum o r  human b lood  was d i s t i n c t l y

" b a c te r io s ta t ic  and som etim es b a c te r i c id a l  to  h aem o ly tic

s t r e p to c o c c i  (L a n c e f ie ld  Group A) and d e n ia ls  t h a t  th e re

was such  b a c t e r i o s t a s i s ,  and em phasized th e  v a r i a t i o n  in

r e s u l t s  caused  by sm all changes in  te c h n iq u e . The e f f e c t

o f  tem p era tu re  on th e  a n t i b a c t e r i a l  p r o p e r t ie s  o f

su lp h an ila m id e  was n o ted  by White e t  a l . (1 1 6 ). B a c te r ic id a l

a c t io n  was o b se rv ed  a t  40° C, w hereas u nder th e  same c o n d itio n s  

o
a t  57 0 o n ly  i n h ib i t i o n  o f  grow th o f  s t r e p to c o c c i  in  

p e p to n e -g lu co se  b ro th  cou ld  be d em o n stra ted . A ccording  

to  C handler e t  a l , ( 1 8 )  th e re  i s  a p e r io d  o f  norm al 

m u l t ip l i c a t i o n  o f  th e  o rgan ism s b e fo re  th e  b a c t e r i o s t a t i c  

e f f e c t  o f  th e  drug  becomes m a n ife s t ,  b u t o rgan ism s which 

had been grown o v e rn ig h t in  su lp h an ilam id e  medium showed 

o n ly  a v e ry  b r i e f  p e r io d  o f  m u l t ip l i c a t i o n  when su b c u ltu re d  

in  f r e s h  su lp h an ilam id e  medium b e fo re  grow th was m arkedly 

in h ib i t e d .  T his a g re e s  w ith  th e  g e n e ra l f in d in g  and w ith  

th e  th e o ry  o f  Kbhn e t  a l , ( 51) t h a t  c e r t a in  su b s ta n c e s  

e s s e n t i a l  to  grow th and m u l t ip l i c a t io n  a re  s to re d  w ith in
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th© b a c t e r i a l  c e l l  and th e  r a t e  o f  t h e i r  s y n th e s is  i s  

in h ib i te d  b y  th e  su lphonaraides, b u t b e fo re  th e  e f f e c t  o f  

th e  d rug  can  be seen  th e  r e s e rv e s  w ith in  th e  o rganism s 

o f  th e  inoculum  m ust f i r s t  be d e p le te d . W olff e t  a l . (117) 

th o u g h t t h a t  su lp h an ilam id e  a c te d  o n ly  when th e  organ ism s 

were i n  co u rse  o f  re p ro d u c tio n  and had d iv id e d  a c e r t a in  

number o f  t im e s . They c a lc u la te d  t h a t  a minimum number
Q

o f  2 d iv is io n s  o f  th e  b ac te riu m  in  p re se n ce  o f  th e  drug  

was re q u ir e d  b e fo re  su lp h an ilam id e  a c te d  on th e  o rg an ism s.

Sulphonamide I n h i b i t o r s .

I t  soon became e v id e n t t h a t  th e  f a i l u r e  to  d em onstra te  

th e  a n t i b a c t e r i a l  a c t io n  o f  sulphonam ides in  c e r t a in  

ty p e s  o f  m edia m ust be due to  th e  p re se n ce  o f  some 

opposing  a g e n t. Lockwood (62) p o in te d  o u t t h a t  even a 

sm all q u a n t i ty  o f  pep tone -  a  common in g re d ie n t  o f  n u t r i e n t  

m edia -  when added to  serum p re v e n te d  th e  a n t i b a c t e r i a l  

a c t io n  o f  su lp h a n ila m id e , a  f a c t  which was confirm ed by 

many o th e r  w o rk e rs . Gay e t  a l * (54) compdled l i s t s  o f  

f a c to r s  which e i t h e r  a id  o r  i n h i b i t  th e  grow th o f



strep tococc i* ., and s ta te d  t h a t  when t e s t e d  under c o n d itio n s  

fa v o u rin g  grow th, su lp h an ilam id e  produced b a c t e r i o s t a s i s  

to  a deg ree depending in v e rs e ly  on th e  sum t o t a l  o f  

a d ju v a n t grow th f a c to r s  p r e s e n t .  Long and B l i s s (67 , p p .97-101) 

have a lso  su p p lie d  a l i s t  o f  th e  v a r ia b le s  which may 

in f lu e n c e  th e  r e s u l t  i n  v i t r o  when su lp h an ilam id e  i s  added 

to  h aem o ly tic  s t r e p to c o c c i :  (1 ) s iz e  o f  inoculum ; (2 ) age

o f  c u l tu r e ;  (5) v i ru le n c e  o f  c u l tu r e ;  (4 ) com position  o f  

medium, b o th  t h a t  i n  which th e  t e s t  i s  c a r r i e d  o u t and t h a t  

i n  which th e  c u l tu r e s  may be d i lu t e d  f o r  u se ; ( 5 ) tem p era tu re  

a t  w hich th e  . te - s t^ is  c a r r i e d  but*. (6 ) , d u ra t io n  o f  c o n ta c t .

Stamp ( i l l )  found t h a t  in  h e a r t - b r o th  th e  b a c t e r i o s t a t i c  

e f f e c t  o f  su lp h an ilam id e  was i n t e r f e r e d  w ith  by th e  

p re se n ce  o f  1 p e r  c e n t ,  o r  more o f  p ep to n e , s im i la r  amounts 

o f  serum o r  g lu c o se , ai*d r e l a t i v e l y  sm all amounts o f  

h e a t - k i l l e d  homologous o rg an ism s, w h ile  Green ( 56) i s o l a t e d  

a g row th- o r  ttPff f a c to r  from b ro th  c u l tu r e s  + o f  B r. a b o r tu s  

w hich had an in h ib i t i n g  e f f e c t  on sulphonam ide a c t io n ,  

and showed t h a t  t h i s  ,TPlf f a c to r  co u ld  a lso  be o b ta in e d
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from  "m arm ite", y e a s t ,  c a s e in  d ig e s t s ,  and c e r t a in  p e p to n es .

p-Am inobenzoic A cid .

F in a l ly  Woods (119) i s o l a t e d  from y e a s t  e x t r a c t s  a 

su lp h an ila m id e  a n ta g o n is t  which was a p p a re n tly  id e n t i c a l  

w ith  p-am ino b en zo ic  a c id .  I t  was th o u g h t t h a t  th e  

chem ical s im i l a r i t y  betw een su lp h an ila m id e  and p-am inobenzoic 

a c id  m ight acco u n t f o r  th e  phenomenon o f  in te r f e r e n c e .  T his 

e x p la n a tio n  o f  sulphonam ide an tagon ism  was fo llo w ed  up 

by F i ld e s  (2 7 ) , who c o n s id e re d  t h a t  th e  a n ta g o n is t ,  e .g .  

p—am inobenzoic a c id , competed w ith  su lp h an ilam id e  f o r  an 

enzyme o f  which th e  fo rm er was th e  n a tu r a l  s u b s t r a te .

Under c o n d i t io n s  in  w hich p-am inobenzo ic a c id  was p re s e n t  

o n ly  in  norm al q u a n t i t i e s  o r  was s y n th e s is e d  by some 

e a r l i e r  s ta g e  o f  m etabo lism , th e  s t r u c t u r a l l y  s im i la r  

su lp h an ilam id e  -  i f  p r e s e n t  in  s u f f i c i e n t  c o n c e n tra t io n  -  

m igh t be cap ab le  o f  d is p la c in g  ^-am inobenzo ic a c id  from 

i t s  enzyme and s to p p in g  an e s s e n t i a l  l i n e  o f  m etabo lism . 

A d d itio n  o f  p-am inobenzoic a c id  th e re fo r e  su p p lie d  a 

n e c e s s a ry  grow th f a c to r  o f  which norm al u t i l i s a t io n  had
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been p re v e n te d , and so a llow ed  co n tin u ed  growth o f  th e  

organ ism s d e s p i te  th e  p re se n ce  o f  su3 .phanilaraide,

Oth e r  I n h ib i to r s  o f  Sulphonam ides.

Sulphonamide in h ib i to r s  were dem onstra ted  in  e x t r a c t s  

o f  f r e s h  norm al m uscle, p a n c re a s , sp le e n  (MacLeod, 8 5 ), 

r a b b i t - b lo o d ,  m ouse-blood ( in  re d  c e l l s  o n ly ) ,  m o u se -u rin e , 

b u t n o t  in  human b lo o d , mouse serum o r  lymph ( F u l l e r  e t  a l . , 31) *
i

The p re se n ce  o f  such, i n h i b i t o r s  g iv e s  a p o s s ib le  e x p la n a tio n  

o f  th e  f a i l u r e  to  dem o n stra te  th e  b a c t e r i o s t a t i c  a c t io n  o f  

su lp h an ila m id e  in  v a r io u s  m edia. The su lphonam ide- 

a n ta g o n is in g  a c t io n  o f  m eth io n in e  w hich i s  n o t  s t r u c t u r a l l y  

r e l a t e d  to su lp h an ila m id e  and does n o t  s t im u la te  b a c t e r i a l  

grow th, was n o te d  by B l is s  e t  a l . (5) and H a r r is  e t  a l . (4 2 ), 

and was th o u g h t to  be in v o lv e d  in  an enzyme r e a c t io n  

secondary  to  t h a t  in v o lv in g  ^-am inobenzo ic a c id .  Also 

M cllw ain (80) n o te d  f u r th e r  exam ples o f  r e v e r s a l  o f  

a n t i b a c t e r i a l  a c t io n  even a lth o u g h  th e  drug and i t s  

i n h i b i t o r  were n o t s t r u c t u r a l l y  r e l a t e d .

To overcome th e  d i f f i c u l t y  a t te n d in g  th e  use  o f



pep tone and meat in fu s io n  MacLeod and M irick  (87) claim ed 

th a t  c u l tu r e  medium shou ld  be t r e a t e d  by b o i l in g  w ith  

c h a rc o a l in  th e  co u rse  o f  p r e p a ra t io n ,  s in c e  t h i s  removes 

th e  su lpha n a m id e - in h ib i t o r s .

E f f e c t  on Enzyme R e a c tio n s .

S ev e ra l su g g e s tio n s  have been made on th e  b a s is  o f  

ex p erim en ts  in  v i t r o  a s  to  th e  n a tu re  o f  th e  enzyme r e a c t io n  

a f f e c te d  by th e  p re sen ce  o f  su lp h a n ila m id e . Sevag e t  a l . (109) 

s tu d ie d  th e  r e s p i r a t i o n  o f  S tre p to c o c cu s  pyogenes and 

c o n s id e re d  t h a t  i t  was th e  b lo c k in g  by th e  sulphonam ide 

d ru g s o f  th e  r e s p i r a to r y  enzymes o f  th e  organism  which 

e v e n tu a l ly  in h ib i te d  grow th, w h ile  Shinn and Main (110 ,70) 

fav o u red  th e  a n t i c a ta l a s e  th e o ry  which may be b r i e f l y  s ta te d  

a s  f a l lo w s . When one o f  th e  b y -p ro d u c ts  o f  ce11-m etabolism  

i s  hydrogen p e ro x id e , th e  accu m u la tio n  o f  t h i s  compound 

w i l l  ten d  to  k i l l  th e  organ ism s u n le s s  c a ta la s e  i s  p re s e n t  

to  keep th e  hydrogen p e ro x id e  l e v e l  below a c r i t i c a l  v a lu e .
i

I t  was su g g ested  t h a t  su lp h an ilam id e  i s  co n v e rted  by m ild  

o x id a tio n  to  a d e r iv a t iv e  which i s  a h ig h ly  a c t iv e



a n t i e a t a l a s e . The f a c t  o f  in c re a s e  in  hydrogen p e ro x id e  

and consequen t r e ta r d in g  o f  grow th in  th e  p re sen ce  o f  

su lp h an ilam id e  was dem onstra ted  in  v i t r o , b u t i t  i s  d o u b tfu l 

w hether t h i s  can be ac ce p ted  a s  an e x p la n a tio n  o f  th e  

mechanism o f  th e  a c t io n  in  v iv o . I t  h as  a lso  been shown 

(Mann e t  a l . , 7 1 )  t h a t  su lp h an ilam id e  i n h i b i t s  th e  a c t io n  

o f  th e  enzyme ca rb o n ic  anhydrase  in  v i t r o , and an in  v ivo  

d e m o n stra tio n  o f  t h i s  in h ib i t io n  was g iv en  by Benesch e t  a l .  (4) 

C arbonic anhydrase which c a ta ly s e s  th e  r e a c t io n

H 2 C 0 ^  C 0 2  +  H 20  

p la y s  an im p o rta n t p a r t  i n  th e  p ro d u c tio n  o f  ca lc ium  

ca rb o n a te  f o r  e g g - s h e l l  fo rm a tio n , and fow ls which re c e iv e  

n o n - to x ic  doses o f  su lp h an ilam id e  la y  eggs o f  which th e  

s h e l l s  a re  e i t h e r  v e ry  th in  and p i t t e d  o r  co m p le te ly  a b se n t 

owing to  c a rb o n a te  d e f ic ie n c y . T his e f f e c t  i s  p u re ly  

tem porary  and d is a p p e a rs  a s  th e  su lp h an ilam id e  i s  e lim in a ted *  

The im m ediate a p p l ic a t io n  o f  t h i s  phenomenon to 

ch em o th erap eu tic  e f f e c t s  i s  n o t  a p p a re n t, how ever.



In f lu e n c e  o f  O x id a tio n  on A c tio n  o f  Sulphonam ides*

A nother th e o ry  o f  sulphonam ide a c t io n  which h as  been 

developed  a s  a r e s u l t  o f  in  v i t r o  in v e s t ig a t io n s  i s  t h a t  o f  

McLeod e t  a l « ( 88 ) ,  They c o n s id e r  t h a t  o x id a tio n  o f  

®ulphonamides i® an e s s e n t i a l  s te p  in  th e  developm ent o f  a 

b a c t e r i c id a l  e f f e c t ,  a lth o u g h  th e  r e la t io n s h ip  o f  th e se  

o b s e rv a tio n s  to  th e  in h ib i to r y  e f f e c t  o f  p—amino b enzo ic  

a c id  on sulphonam ide a c t io n  rem ains o b sc u re .

E f f e c t  on B .C o li.

Wood (118) h as  made a d e t a i l e d  study  o f  th e  q u a n t i ta t iv e  

r e la t io n s h ip  betw een p-am ino b enao ic  a c id  and th e  b a c t e r i o s t a t i c  

e f f e c t  o f  v a r io u s  sulphonam ide d ru g s , th e  t e s t  o rganism  

b e in g  B .c o l i . w hich i s  r e a d i ly  p ro p ag a ted  in  s y n th e t ic  

m edia f r e e  from  sulphonam ide i n h i b i t o r s .  The minimum 

amounts o f  p-am ino b enzo ic  a c id  r e q u ir e d  to  p re v e n t 

b a o t e r io s t a s i s  w ith  v a ry in g  amounts o f  su lp h an ilam id e  were 

found to  be such t h a t  th e  r a t i o  o f  p?*amin0b en zo ic  a c id  to  

d rug  was ap p ro x im ate ly  c o n s ta n t .



I f  (BABA) — minimum m olar c o n c e n tra t io n  o f  p—am ino- 

b en zo ic  a c id  r e q u ire d  to  c o u n te ra c t  th e  b a c t e r i o s t a t i c  a c t io n  

o f  (S) = m olar c o n c e n tra t io n  o f  sulphonam ide d rug , 

th e n  (PABA)/(S) = K — " b a c t e r io s t a t i c  constan t!!

K v a r ie d  w ith  th e  type  o f  o rgan ism , th e  s iz e  o f  

inoculum , and th e  c o n d itio n s  u nder which grow th o f  th e  

o rgan ism s o c c u rre d ; b u t when th e se  v a r ia b le s  were 

s ta n d a rd is e d , K became an index  o f  th e  r e l a t i v e  

b a c t e r i o s t a t i c  power o f  th e  drug  t e s t e d  -  th e  g r e a te r  

th e  v a lu e  o f  K th e  more p o te n t  th e  d rug .

I t  h a s  been e s tim a te d  t h a t  one m olecu le  o f  p -am ino - 

b en zo ic  a c id  i s  s u f f i c i e n t  to  a n ta g o n ise  25*000 m o lecu les  

o f  su lp h an ilam id e  (Eubbo e t  a l ,  .102)* But th e  s t r i k i n g  

d if f e r e n c e  between th e  e f f e c t iv e  c o n c e n tra t io n s  o f  

a n ta g o n is t  and drug  does n o t n e c e s s a r i ly  in v a l id a te  th e  

th e o ry  t h a t  th e  two compounds compete f h r  th e  same enzyme 

system ; th e  a f f i n i t y  o f  th e  a n ta g o n is t  -  p**aminobenzoic 

a c id  -  f o r  th e  enzyme may be f a r  g r e a te r  th a n  t h a t  o f  th e  

d ru g , in  which case  a g r e a t  ex cess  o f  d rug  w i l l  be n e c e ssa ry
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to  b lock  th e  enzyme in  c o m p e titio n  w ith  § sm all amount o f  

a n ta g o n is t*

AUTHORS EXPERIMENTS.

I n  p re lim in a ry  ex p erim en ts  to  a s c e r t a in  th e  b a c te r i c id a l  

p r o p e r t i e s  o f  su lp h an ilam id e  t r i a l s  were made by th e  method 

r e g u la r ly  employed in  t h i s  la b o ra to ry  f o r  t e s t i n g  th e  

p o ten cy  o f  a n t i s e p t i c s  (Browning and G ulbransen , 1 0 ) , b u t 

w ith  some m o d if ic a tio n s  in  th e  m edia em ployed. Thus 

1 p e r  c e n t .  B acto -pep tone  m e a t- in fu s io n  b ro th  and sheep 

serum (p re v io u s ly  h e a te d  a t  56°Q f o r  50 m in u tes) were 

u sed ; th e  o rgan ism  was th e  c a p s u la te d  S tre p to c o c c u s  K ruger 

o f  P e r io d  IV. The a n t i b a c t e r i a l  e f f e c t  o f  su lp h an ilam id e  

d em o n stra ted  by t h i s  means was n o t  i n  any way n o tew o rth y , 

and a com parison w ith  th e  a c t io n  o f  a pow erfu l a n t i s e p t i c  

such  a s  a c r i f l a v in e  i s  shown in  Table XXX* In  pep tone 

b ro th  some b a c t e r i o s t a t i c  a c t i v i t y  was shown by su lp h an ilam id e  

i n  a c o n c e n tra t io n  o f  1 : 1,000  a g a in s t  th e  h ig h e s t  d i l u t i o n  

o f  o rgan ism s used  -  1 : 100,000  -  an  e f f e c t  w hich was more 

marked when sheep serum was th e  t e s t  medium* W ith
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a c r i f l a v in e  a lso  a r e la t io n s h ip  was dem onstra ted  betw een 

th e  d i lu t io n  o f  o rgan ism s and th e  c o n c e n tra t io n  o f  drug 

r e q u ir e d  to  produce s t e r i l i s a t i o n  under th e  t e s t  c o n d i t io n s .  

In  t h i s  method th e  o rgan ism s a re  exposed to  th e  d rug  o v e r  a 

p e r io d  o f  48 h o u rs  d u r in g  which th e  n u t r i t i v e  p r o p e r t ie s  

o f  th e  medium may have undergone marked changes, e s p e c ia l ly  

i f  th e re  h a s  been i n i t i a l l y  abundan t p r o l i f e r a t i o n .  

A cco rd in g ly  i t  appeared  im p o rta n t to  renew th e  environm ent 

by d a i ly  sub c u l tu r in g  in to  f r e s h  medium c o n ta in in g  th e  

d ru g .

B oth pep tone  b ro th  and sheep serum were used  f o r  such 

a co u rse  o f  d a i ly  s u b c u itu r in g , a t  f i r s t  w ith o u t th e  a d d i t io n  

o f  sulphanilam & de* The o rgan ism  was S tre p to c o c c u s  K ruger 

i n  th e  c a p s u la te d  phase o f  P e r io d  IV* In  pep tone b ro th ,

52 s u c c e s s iv e  s u b c u ltu re s  were made w ith  no obv ious 

a l t e r a t i o n  in  th e  appearance o r  b eh av io u r o f  th e  t e s t  

o rg an ism s. Growth th ro u g h o u t was r e a d i ly  v i s i b l e  w ith in  th e  

in c u b a tio n  p e r io d  o f  24 h o u rs , w h ile  th e  o rgan ism s r e ta in e d  

■unaltered t h e i r  v iru le n c e  f o r  mice and t h e i r  c a p s u la te d
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appearan .ee. In  sheep serum , how ever, grow th o f  th e  

o rgan ism s was n ev e r  v i s i b l e ,  a lth o u g h  i t  co u ld  be 

d em o n stra ted  by p l f t i n g  o u t on a g a r  medium; b u t th e  

o rg an ism s, w h ile  s t i l l  c a p s u la te d , r a p id ly  l o s t  t h e i r  

v iru le n c e  f o r  m ice . I t  was th e r e fo r e  d ec id ed  to  r e s t r i c t  

th e  ex p e rim en ta l work to  th e  stu d y  o f  a n t i b a c t e r i a l  e f f e c t s  

i n  pep tone b ro th .

The b a s is  o f  pep tone  b ro th  i s  h o r s e - h e a r t  from  which 

a m e a t- in fu s io n  i s  p re p a re d  e i t h e r  by e x t r a c t in g  500g . o f  

m eat w ith  lOOOcc. o f  c o ld  w a te r  f o r  24 h o u rs  o r  by h e a t in g  

w ith  w a te r  g ra d u a lly  to  b o i l in g - p o in t  and a llo w in g  to  b o i l  

f o r  I j t  h o u rs . The p a r t i c u l a r  method o f  e x t r a c t io n  used  

h a s  n o t  a f f e c te d  th e  p r e s e n t / r e s u l t s  to  any e x te n t .  1 p e r  

c e n t .  B acto -pcp tone  and 0 .5  p e r  c e n t ,  dadium c h lo r id e  a re  

added to  th e  in fu s io n  and th e  whole re n d e re d  d i s t i n c t l y  

a lk a l in e  to  l i tm u s  by a d d i t io n  o f  4 p e r  c e n t ,  dodium 

h ydrox ide  s o lu t io n  in  o rd e r  to  p r e c i p i t a t e  p h o sp h a te s .

A f te r  f i l t r a t i o n ,  th e  pH i s  a d ju s te d  to  7*3 and th e  b ro th
; n

a u to c la v e !  read y  f o r  u s e . W hile t h i s  medium i s  one o f



f a i r  n u t r i t i v e  v a lu e  and cap ab le  o f  su p p o r tin g  good grow th 

o f  m ost o rg an ism s, i t  seems to  be im p o ss ib le  to  en su re  t h a t  

th e  com position  o f  th e  h o r s e - h e a r t  in fu s io n  w i l l  Always 

be th e  same, and th e  s l i g h t  v a r i a t io n s  r e s u l t e d  in  some 

d if f e r e n c e  in  b eh av io u r when s t r e p to c o c c i  were in o c u la te d  

in to  b ro th  p lu s  su lp h an ilam id e  o r  a c r i f l a v i n e ,  a lth o u g h  

d ru g - f re e  b ro th  o f  th e  same b a tc h  p ro v id e d  a p p a re n tly  

norm al grow th o f  th e  o rg an ism s.

W ith each  b a tc h  o f  pep tone b ro th  th e  g e n e ra l scheme 

was to  d i s t r i b u t e  th e  medium in  5 *0cc« amounts w ith  o r  

w ith o u t added d ru g , and to  s u b c u ltu re  d a i ly  o r ,  when 

grow th was slow , every  48 h o u rs . The inoculum  th ro u g h o u t 

was two lo o p fu ls  o f  a  s ta n d a rd  p la tin u m  loop  o f  ab o u t 2 . 0mm. 

in  d ia m e te r, th e  i n i t i a l  inoculum  in  each  experim en t b e in g  

ta k e n  from  a  24 h o u rs ' b ro th  c u l tu r e  showing norm al grow th, 

c a p s u la t io n , and m o u se -v iru le n c e . When a tu b e  showed no 

v i s i b l e  grow th a f t e r  24 h o u rs ' in c u b a tio n  i t  was examined 

a g a in  a f t e r  48 h o u rs  and f i n a l l y  d is c a rd e d  a s  s t e r i l e  i f  

th e re  was no grow th a f t e r  72 h o u rs . F req u en t e s t im a tio n s
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o f  mo u s e -v iru le n c e  and ex am in a tio n s o f  c a p s u la t io n  were 

made in  th e  cou rse  o f  th e  experim ents*

Nine d i f f e r e n t  b a tch es  o f  t r o t h  made from a l to g e th e r  

fo u r  d i f f e r e n t  h o r s e - h e a r ts  were u sed  in  fo u r te e n  se p a ra te  

s e r i e s  o f  ex p e rim en ts . W ith seven  o f  th e s e  specim ens o f  

t r o t h  (e le g e n  s e r i e s  o f  ex p erim en ts) th e  p rim ary  c u l tu r e  

in o c u la te d  in  p re se n ce  o f  1 : 1 ,000  su lp h an ilam id e  y ie ld e d  

f u l l  grow th o f  s t r e p to c o c c i  w ith  d im in ish ed  v ir u le n c e ;  t u t  

no f u r th e r  grow th co u ld  t e  o t t a in e d  on s u tc u l tu r e  in to  

f r e s h  t u t e s  o f  th e  same d ru g -c o n ta in in g  t r o th *  A lte rn a te  

; p a s sa g e s  th ro u g h  t r o t h  c o n ta in in g  1 ; 1 ,000  su lp h an ila m id e  

and d ru g - f re e  t r o t h  gave co n tin u o u s  f u l l  g row th , t u t  w h ile  

th e  v iru le n c e  f o r  mice was h ig h  in  th e  a l t e r n a t e  c u l tu r e s  i n  

d ru g - f re e  fero th , th e  e f f e c t  o f  grow ing th e  s t r e p to c o c c i  

i n  p re sen cd  o f  1 :1 ,0 0 0  su lp h an ilam id e  f o r  24 h o u rs  was to  

d im in ish  th e  v iru le n c e  s l i g h t l y  -  0 *25ee* o f  a d i l u t i o n  

o f  1*10,000 ta k in g  2 to  4 days to  k i l l  a mouse, w hereas a 

d i l u t i o n  o f  1 : 1 , 000,000  o f  a  c u l tu r e  in  d ru g - f re e  t r o t h  was 

u s u a l ly  l e t h a l  in  hours* The o th e r  two specim ens o f



b ro th  (u sed  i n  th re e  - se r ie s  o f  ex p erim en ts) showed s l i g h t  

d im in u tio n  o f  v iru le n c e  in  th e  p rim ary  su b c u ltu re  c o n ta in in g  

1 : 1*000 su lp h a n ila m id e , slow ing  o f  grow th in  th e  second 

s u b c u ltu re  n e c e s s i t a t in g  f u r th e r  in c u b a tio n , and r e g u la r  

grow th in  th e  fo llo w in g  s u b c u ltu re s ,  b u t th e  v iru le n c e  fo r  

mice was v e ry  g f e a t ly  d im in ish ed  o l  com ple te ly  l o s t  by th e  

t h i r d  su b c u ltu re*  C a p su la tio n  was u n a lte re d *

Lower c o n c e n tra t io n s  o f  su lp h a n ilam id e  in  th e  b ro th , 

1 : 2,000  to  1 : 6 , 000 ,  s t i l l  p roduced  e f f e c t s  s im i la r  to  

1 :1 ,000*  On th re e  o c c a s io n s  when co n tin u ed  p assag e  was 

a ttem p ted  i n  b ro th  c o n ta in in g  1 : 6 ,000  th e  grow th o f  

s t r e p to c o c c i  was in h ib i t e d  co m p le te ly  i n  th e  second c u ltu re *  

1 : 7,500  to  1 : 100,000  su lp h an ilam id e  a llow ed  good grow th 

o f  s t r e p to c o c c i  on  s e r i a l  t r a n s f e r ,  and th e  l a t t e r  

c o n c e n tra t io n  had produced no a l t e r a t i o n  in  th e  v iru le n c e  

o f  th e  c u l tu r e s  f o r  mice a f t e r  te n  passages*

D isc re p a n c ie s  i n  r e s u l t s ,  how ever, were found even 

d u r in g  th e  use  o f  one b a tch  o f  b r o th  in  p a r a l l e l  s e r i e s  

o f  experim ents*  In  one in s ta n c e ,  1 :1 ,0 0 0  su lp h an ilam id e
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in h ib i t e d  grow th o f  s t r e p to c o c c i  s l i g h t l y  in  th e  second 

s u b c u ltu re , b u t th e  t h i r d  and fo llo w in g  s u b c u ltu re s  in  th e  

same medium showed good grow th w ith  com plete lo s s  o f  

v iru le n c e *  On th e  o th e r  hand , grow th to o k  p la c e  in  th e  

f i r s t  s u b c u ltu re  w ith  1 : 3,000  su lp h a n ilam id e  in  th e  same 

b ro th ,  b u t was co m p le te ly  in h ib i te d  t h e r e a f t e r .

S ince some o f  th e se  v a r ia b le  r e s u l t s  (a lth o u g h  n o t  t h a t  

l a s t  m entioned) a re  due presum ably to  s l i g h t  d i f f e r e n c e s  

i n  th e  com position  o f  th e  c u l tu r e  medium a lre a d y  r e f e r r e d  

to ,  M acLeod's (37) method o f  rem oving su lp h o n a m id e - in h ib ito rs  

from  m e a t- in fu s io n  b ro th  was t r ie d *  In  th e  p r e p a r a t io n  o f  

th e  medium th e  f i l t e r e d  b ro th  was a c id i f i e d  to  pH 5*0 to  

5*5 and 2g* o f  powdered c h a rc o a l added f o r  every  lQOcc*.

The m ix tu re  was b ro u g h t to  th e  b o i l  o v e r an  open flam e and 

im m ediately  f i l t e r e d *  The f i n a l  pH was a d ju s te d  to  7*8 

and th e  medium a u to c la v e d . T his medium c e r t a in ly  produced  

an  in c re a s e  in  su lp h an ilam id e  b a c t e r i o s t a s i s  when t r e a te d  

and u n tr e a te d  b ro th  p re p a re d  s im i la r ly  from th e  same source  

o f  m eat were compared* B ro th  which w ith o u t c h a rc o a l
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tre a tm e n t had g iv en  r e g u la r  grow th o f  s t r e p to c o c c i  in  

p re se n ce  o f  1 : 1 ,000  su lp h an ilam id e  (w ith  lo s s  o f  v i r u le n c e ) ,  

showed a f t e r  c h a rc o a l tr e a tm e n t , i n  one ex p erim en t, no 

grow th in  th e  second and subsequen t s u b c u ltu re s  w ith  th e  

same c o n c e n tra t io n  o f  drug; in  two o th e r  ex p erim en ts  

com plete absence o f  grow th in  th e  p rim ary  c u l tu r e  in  

c o n c e n tra t io n s  o f  1 :1 ,000  to  1 : 8,000  was found*

The m ost i n t e r e s t i n g  r e s u l t s  were th o se  o b ta in e d  from 

grow th*of th e  o rgan ism s in  p re sen ce  o f  in c re a s in g  amounts 

o f  th e  drug  in  u n tr e a te d  bro th*  The c o n te n t o f  

su lp h an ilam id e  was g ra d u a lly  in c re a s e d  from 1 : 9,000  to  

1 :1 ,000  i n  th e  co u rse  o f  7 d a i ly  p a ssa g e s ; a t  the  end o f  

t h i s  tim e th e  v iru le n c e  o f  th e  o rgan ism s was h ig h  (0 *25c c . 

o f  a  d i l u t i o n  o f  1 :1 , 000,000  b e in g  l e t h a l  f o r  m ice) and 

rem ained p r a c t i c a l l y  unchanged a f t e r  ^  f u r th e r  d a i ly  

p a ssa g e s  th ro u g h  1 :1 ,0 0 0  su lp h an ilam id e  b ro th .  W ith th e

same b a tc h  o f  b ro th , how ever, a f t e r  6 su c c e s s iv e  s u b c u ltu re s

i n  1 : 3,000  su lp h an ilam id e  fo llo w ed  by 7 s u b c u ltu re s  in  

1 : 1 ,000  a  d i s t i n c t  d im in u tio n  in  v iru le n c e  was found, even



a d i lu t i o n  o f  1 : 10,000  som etim es f a i l i n g  to k i l l  i n  a dose 

o f  Q ,25cc , There was a g a in  no v i s i b l e  a l t e r a t i o n  in  

ca p su le  fo rm a tio n .

I t  was found in  p a r a l l e l  ex p erim en ts  t h a t  th o se  b a tc h e s  

o f  b ro th  which showed b a c t e r i o s t a s i s  i n  p re sen ce  o f  1 :1,000  

su lp h a n ila m id e , fo llo w ed  by com plete absence o f  grow th in  

s u b c u ltu re  th e  same m ix tu re , a lso  gave i n h ib i t i o n  o f  

grow th o f  th e  s t r e p to c o c c i  in  p re sen ce  o f  1 : 1 , 000,000  

a c r i jg la v in e , On th e  o th e r  hand, good grow th in  

su lp h an ilam id e  b ro th  w ith  g ra d u a l lo s s  o f  v iru le n c e  was 

accom panied by co rre sp o n d in g  grow th, b u t s l i g h t l y  more 

r a p id  lo s s  o f  v i r u le n c e ,  in  a c r i f l a v in e  b r o th .  A cco rd in g ly , 

th e  e f f e c t s  o f  a  sulphanam ide compound on v iru le n c e  a re  n o t 

u n iq u e , b u t a re  p a r a l l e l e d  by a c r i f l a v in e  and depend to  a 

g r e a t  e x te n t  on f a c to r s ,  so f a r  u n d e fin ed , in  th e  n u t r i t i v e  

medium u se d .

Loss o f  v iru le n c e  f o r  mice fo llo w in g  grow th in  p re sen ce  

o f  1 : 1 ,000  su lp h an ilam id e  was n o t r e s to r e d  by f u r th e r  

s u b c u ltu r in g  in  absence o f  th e  drug  in  a  h ig h ly  n u t r i t i v e



- 116-

c u l tu r e  medium -  m e a t- in fu s io n  b ro th  c o n ta in in g  1 p e r  c e n t ,  

pep tone  and b o ile d  a f t e r  a d d i t io n  o f  5 p e r  c e n t ,  r a b b i t - b lo o d . 

A lso , w h ile  a su b c u ltu re  in  p la in  b ro th  in  a c o n tro l  s e r i e s  

s t i l l  gave a L a n c e f ie ld  Group B r e a c t io n  a f t e r  11 p a s sa g e s , 

th e  n o n -v iru le n t  o rgan ism s o f  th e  co rresp o n d in g  

su lp h an ilam id e  b ro th  su b c u ltu re  r e a c te d  to  n e i th e r  L a n c e f ie ld  

Group A n o r  Group B, and rem ained th e  same even a f t e r  4 

s u b c u ltu re s  in  d ru g -f re e  b ro th ,

A sm all number o f  ex p erim en ts  have been c a r r ie d  o u t 

w ith  th e  n o n -c a p su la te d  o rgan ism s o f  S tre p to c o c cu s  K ruger 

P e r io d  V, b u t th e  v iru le n c e  o f  th e  s t r a i n  was r e a d i ly  

d im in ish ed  by a number o f  p a ssag e s  th ro u g h  d ru g -f re e  b ro th ,  

j Loss o f  v iru le n c e  o b se rv ed  when th e  n o n -c a p su la te d  o rgan ism s

jwere grown in  p re sen ce  o f  g ra d u a lly  in c re a s e d  c o n c e n tra t io n s
1
b f  su lp h an ilam id e  h as  th e re fo re  l i t t l s  s ig n i f ic a n c e .

C o n c lu s io n s .

The r e s u l t s  in  v i t r o  w ith  th e  c a p s u la te d  phase o f  

S tre p to co c cu s  K ruger a re  h ig h ly  v a r ia b le  and w h ile  so f a r  

t h i s  d i f f i c u l t y  h a s  n o t been overcom e, th e  fo llo w in g



s ta te m e n ts  may be m ade;-

(1 ) F u l l  grow th o f  s t r e p to c o c c i  in  h ig h  c o n c e n tra t io n s  

o f  su lp h an ilam id e  (1 : 1 , 000 ) may o ccu r o c c a s io n a lly  a lo n g  

w ith  und im in ished  v i r u le n c e .  T his r e s u l t  was o b ta in e d  

by g ra d u a lly  in c re a s in g  th e  amount o f  d rug  in  th e  medium 

from  an i n i t i a l  l e v e l  <fcf 1 : 9 , 000 .

(2 ) F re q u e n tly  f u l l  grow th o f  th e  s t r e p to c o c c i  o c c u rs  in  

th e  i n i t i a l  c u l tu re  c o n ta in in g  a h ig h  c o n c e n tra t io n  o f  

su lp h an ilam id e  (1 :1 , 000 ) ,  b u t th e  v iru le n c e  i s  d im in ished ; 

on  s u b c u ltu re  th e re  i s  no grow th in  th e  same medium. 

A lte rn a te  s u b c u ltu re  in  d ru g - f re e  and d ru g -c o n ta in in g  

m edia may succeed , and in  th e  l a t t e r  th e  grow th i s  

d im in ish ed  in  v i r u le n c e ,  w hereas in  th e  absence o f  drug  

i t  i s  f u l l y  v i r u l e n t .

(3) The v a r i a b i l i t y  in  r e s u l t s ,  a p p a re n tly  due to  th e  

medium, was o b ta in e d  w ith  a c r i f l a v in e  a s  w e ll  a s  w ith  

su lp h an ilam id e  •

(4) No changes have been o b se rv ed  in  th e  s t a t e  o f  c a p s u la t io n  

o f  th e  o rgan ism s grown in  d ru g -b ro th .



-1 1 8 -

(5 ) C u ltu re s  which had been ren d e red  n o n -v iru le n t  by

su lp h an ilam id e  d id  n o t  r e g a in  t h e i r  v iru le n c e  on f u r th e r  

p a ssa g e s  i n  d ru g - f re e  medium*

*
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ACQUIB1D iffiSI STANCE SPLPHQ NAMIDES.

When organ ism s a re  exposed c o n t in u a l ly  to  th e  a c t io n  

o f  a  d rug  th e re  a re  s e v e ra l  p o s s ib le  r e s u l t s : -

(1 ) I f  th e  c o n c e n tra t io n  o f  d rug  i s  s u f f i c i e n t l y  g r e a t ,  

th e  o rgan ism s may be k i l le d *

(2 ) I f  th e  c o n c e n tra t io n  o f  d rug  i s  below th e  b a c t e r i c id a l  

l e ^ e l ,  th e  e f f e c t  may be m erely  b a c t e r i o s t a t i c ,  w ith  

renewed grow th on t r a n s f e r  to  d ru g -f re e  medium. .In  t h i s  

ca se  a  b a lan ce  i s  s e t  up betw een o rgan ism s and d ru g .

O )  S t i l l  sm a lle r  c o n c e n tra t io n s  o f  d rug , p e rh ap s  g ra d u a lly  

in c re a s e d  in  su c c e s s iv e  s u b c u l tu re s ,  may have th e  tendency  

to  s e t  up d ru g -re  s i  s ta n c e ; th e  o rgan ism s become accustom ed 

to  th e  p re se n ce  o f  th e  drug  and a re  no lo n g e r  s u s c e p t ib le  

to  i t s  a n t i b a c t e r i a l  pow ers.

The t h i r d  p o s s i b i l i t y  i s  on th e  ana logy  o f  d ru g -  

r e  s i  s ta n c e  o f  trjcpano somes and much work h a s  been done on 

th e s e  l i n e s .



QBSEHVATIONS OF ffSCHEB. WOBKEBS.

Sulphonamide R e s is ta n c e  o f  Pneum ococci.

In  th e  ea se  o f  th e  pneumococcus ev idence  i s  f a i r l y  

c o n c lu s iv e  t h a t  d ru g - r e s is ta n c e  h as  been en co u n te red  in  b o th  

c l i n i c a l  and ex p e rim en ta l work. Hamburger e t  a l . ( 4 1 )  found 

drug—r e s i s ta n c e  o c c u rr in g  in  a c l i n i c a l  ea se  o f  pneum ococcal 

in f e c t io n  -  u l t im a te ly  f a t a l  -  where tre a tm e n t w ith  a 

sulphomamide d rug  was c a r r i e d  o u t  i n t e r m i t t e n t ly  o v e r  6 

m onths, and Boss (101) had  p re v io u s ly  r e p o r te d  a s im i la r  

in c re a s e  in  to le ra n c e  o f  th e  drug  by th e  organism # M aclean 

e t  a l # ( 8 ,3) p a sse d  a  pneum ococcal i n f e c t io n  th re e  o r  fo u r  

tim e s  th ro u g h  mice t r e a te d  w ith  su lp h ap y rid im e and found 

t h a t  th e  s t r a i n  was a l t e r e d  i n  i t s  s e n s i t i v i t y  to  th e  drug , 

a lth o u g h  rem ain in g  unchanged in  v i r u le n c e ,  c a p s u la t io n , and 

r e s i s t a n c e  to p h ag o cy to sis#  MacLeod e t  a l # ( 86 ) p roduced 

s im i la r  d ru g - f a s tn e s s  i n  an  o th e rw ise  p r a c t i c a l l y  unchanged 

pmeumococcus by s e r i a l  t r a n s f e r  (33  tim es) i n  se ru m -b ro th  

c o n ta in in g  in c re a s in g  am ounts o f  su lp h a p y rid in e ; t h i s  d ru g -  

f a s tn e s s  was n o t a f f e c te d  by 30 fu rth a rr  t r a n s f e r s  in  p la in
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b ro th  o r  10 p a ssa g e s  th ro u g h  u n tr e a te d  mice* H o r s f a l l  ( 47 ) 

p roduced  s im i la r  in c re a s e d  r e s i s ta n c e  o f  pneumococci to  

s u lp h a th ia z o le  by su c c e s s iv e  s u b c u ltu r in g  on s o l id  medium, 

and found a marked d ec re a se  i n  v iru le n c e  f o r  mice a lth o u g h  

th e  o rgan ism s rem ained e n c a p su la te d  and ty p e - s p e c i f ic ;  th e  

red u ced  v iru le n c e  d id  n o t  change th ro u g h  numerous s u b c u ltu re s  

i n  absence o f  th e  drug*. Schmidt e t  a l . ( 1 0 6 )  e s ta b l i s h e d  

r e s i s ta n c e  b o th  in  v ivo  and in  v i t r o * They c o n s id e re d  such 

r e s i s t a n t  s t r a i n s  to  be developed  by s e le c t iv e  p ro p a g a tio n  

o f  d r u g - r e s i s t a n t  v a r i a n t s ,  w h ile  S e s le r  e t  a l* f l0 8 )  compared 

v a r io u s  d rugs o f  sulphanam ide ty p e  and found t h a t  though 

th e  r a t e  o f  p ro d u c tio n  o f  r e s i s t a n c e  v a r ie d  from drug  to  

d ru g , r e s i s ta n c e  a c q u ire d  to  one sulphonam ide d rug  c o n fe rre d  

on th e  o rgan ism  r e s i s t a n c e  to  th e  o th e rs*

Sul-pbonamide R e s is ta n c e  o f  B*C o li*

K irby  e t  a l* (5 0 ) ,  w ith  B*c o l i  a s  th e  t e s t  o rg an ism , 

developed  d ru g -re  s i  s ta n c e  by d a i ly  t r a n s f e r  in  v i t r o  in  

c u l tu r e  m edia c o n ta in in g  v a r io u s  sulphonam ide drugs* I t  

was confirm ed  t h a t  o rgan ism s r e s i s t a n t  to  one sulphonam ide



drug  were a ls o  r e s i s t a n t  to o th e r  d rugs o f  th a t  group, 

b u t  developm ent o f  d ru g - r e s is ta n c e  was th o u g h t to  be due 

to  a l t e r a t i o n  in  m etabolism  r a th e r  th an  to  s e le c t iv e  

p ro p ag a tio n *  H a r r is  e t  a l . ( 4 3 )  a ls o  in v e s t ig a te d  th e  

developm ent o f  r e s i s t a n c e  by B«c o l i  to  sulphoham ide d rugs 

and showed t h a t  th e  r e s i s ta n c e  o f  th e  organism  depended n o t 

o n ly  on th e  medium in  which th e  o rgan ism  had been t r e a te d ,  

b u t shso  on th e  type  o f  medium in  which r e s i s ta n c e  was 

t e s t e d ,  e»g* when r e s i s ta n c e  was m easured in  s y n th e t ic  

medium c o n ta in in g  1 p e r  cent*  p ro te o s e  p ep to n e , a  s t r a i n  o f  

B .c o l i  t r a in e d  to  grow in  p re se n c e  o f  sulphonam ide in  th a t  

same medium was more r e s i s t a n t  th a n  one t r a in e d  in  su lphonam ide- 

medium w ith o u t peptone* So a s t r a i n  which was a c tu a l ly  

q.uite r e s i s t a n t  in  v ivo  m igh t n o t show such r e s i s ta n c e  in  

v i t r o  owing to  th e  d i f f e r e n c e  betw een th e  in  v ivo  and in  

v i t r o  env iro n m en ts.

Sulphonamide Re s i  s ta n c e  o f  S tr e p to c o c c i .

Hendry (44) d e s c r ib e d  th e  i s o l a t i o n  from  th e  b lood  o f  

an  in f e c te d  h o rse  j u s t  b e fo re  d e a th  o f  Group A h aem o ly tic



s t r e p to c o c c i  which had  developed  a c e r t a in  degree o f  

r e s i s t a n c e  to  su lp h an ilam id e  d u rin g  tre a tm e n t w ith  t h a t  

d ru g . These o rgan ism s showed reduced  s u s c e p t i b i l i t y  to 

su lp h an ilam id e  as  compared w ith  th e  o r ig in a l  s t r a i n  when 

t e s t e d  in  v i t r o . M cIntosh e t  a l . ( 8 1 )  have c la im ed  th e  

read y  developm ent o f  d r u g - r e s i s ta n t  s t r a i n s  o f  s t r e p to c o c c i  

and a lso  s ta p h y lo c o c c i by s e r i a l  t r a n s f e r  i n  b ro th  c o n ta in in g  

th e  d rug , a c a r e f u l  b a lan ce  b e in g  m a in ta in ed  betw een th e  

n u t r i t i v e  v a lu e  o f  th e  medium and i t s  p ro p e r ty  o f  in h ib i t i n g  

th e  a c t io n  o f  th e  d ru g . The d rugs used  in c lu d e d  v a r io u s  

a m in o a c rid in e s , p ropam id ine , and q u in d o lia e  m e th o ch lo rid e  

i n  a d d i t io n  to  sulphonam ide compounds, and th e  a u th o rs  

su p p o rted  th e  view  t h a t  th e  p ro d u c tio n  o f  r e s i s ta n c e  was 

due to  an a l t e r a t i o n  in  m etabo lism . S e r ia l  t r a n s f e r  o f  th e

organ ism s in  medium c o n ta in in g  th e  d rug  was a ls o  stfcd ied
i 7; ’

by R o sen th a l (99) who used  2 p e r  c e n t ,  neopeptone b ro th  

c o n ta in in g  1 : 1,000  su lp h an ilam id e  and found t h a t  th en e  was 

no in h ib i t i o n  o f  a f a i r l y  la rg e  inoculum  o f  s t r e p to c o c c i .  

Growth became more f lo c c u le n t  a s  a r e s u l t  o f  d a i ly  t r a n s f e r s
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i n  t h i s  medium, b u t w ith  no a p p re c ia b le  change in  colony form 

o r  m ouse-v iru lem ce. C handler e t  a l . ( 1 8 )  c a r r ie d  o u t 

re p e a te d  s e r i a l  t r a n s f e r  o f  a s t r a i n  o f  h aem o ly tic  

s t r e p to c o c c i  in  n eo p ep to n e-w ate r p lu s  h o rse  serum 

c o n ta in in g  1 :10,000  su lp h a n ilam id e  and found a f t e r  18 t r a n s f e r s  

no perm anent m o rp h o lo g ica l change n o r any ev idence  o f  

a t t e n u a t io n .  Hadley e t  a l . (3 9 )*  on th e  o th e r  hand , w ith  

two k in d s  o f  b ro th ,  b o th  c o n ta in in g  g lu co se  and pep tone 

b u t no b lood  o r  serum , found 1 :1 0 ,0 0 0  to  1 :4 0 ,0 0 0  

su lp h an ilam id e  to  be m arkedly b a c t e r i o s t a t i c  a t  37°C*

S e r ia l  p assag e  in  b ro th  c o n ta in in g  in c re a s in g  c o n c e n tra t io n s  

o f  th e  drug gave tem porary  tr a n s fo rm a tio n  to  th e  smooth 

phase a s s o c ia te d  w ith  su b -ac u te  o r  ch ro n ic  in f e c t io n s ,  and 

g r e a t  d im in u tio n  in  v iru le n c e  f o r  m ice . F u r th e r  s e r i a l  

p assag e  in  b ro th  c o n ta in in g  s t i l l  in c re a s in g  c o n c e n tra t io n s  

o f  d rug , how ever, r e s to r e d  co m p le te ly  th e  mucoid appearance 

o f  th e  s t r e p to c o c c i ,  b u t i t  i s  n o t  c l e a r  w hether th e  

v iru le n c e  a ls o  was r e s to r e d .

An example o f  th e  changes accompanying th e  developm ent
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o f  d ru g -re  s i  s ta n c e  was given, by Howie (48) who su b c u ltu re d  

th e  c a p s u la te d  Aronson s t r a i n  o f  s tre p to c o c c u s  every  few 

days a l t e r n a t e ly  on a g a r  and b ro th  m edia in  th e  p re se n ce  o f  

g ra d u a lly  in c re a s in g  amounts o f  a c r i f l a v in e .  The organism  

ad ap ted  i t s e l f  to  grow th in  p re sen ce  o f  th e  a n t i s e p t i c ,  

to le ra n c e  to  a c r i f l a v in e  in c re a s in g  40 tim e s . A non

c a p s u la te d  v a r i a n t  o f  th e  s tre p to c o c c u s  appeared  a s  a 

r e s u l t  o f  th e  tre a tm e n t;  t h i s  d i f f e r e d  from th e  o r ig in a l  

o rganism  n o t o n ly  in  i t s  la c k  o f  c a p su le s  b u t in  p ro d u c in g  

g ra n u la r  grow th in  b ro th , a s  c o n tra s te d  w ith  even tu r b id i t y ,  

lo n g e r  c h a in s  o f  o rg an ism s, and rough c o lo n ie s  on a g a r  

in s te a d  o f  smooth, w h ile  th e  v iru le n c e  f o r  mice com plete ly  

d is a p p e a re d . In  Howie’s ex p erim en ts  th e  a l t e r e d  s t r a i n  

ten d ed  to  r e v e r t  q u ic k ly  to  th e  o r ig in a l  form when 

s u b c u ltu re d  on d ru g -f re e  m edia, w hereas d r u g - r e s i s ta n t  

trypanosom es u s u a l ly  r e t a i n  t h e i r  r e s i s ta n c e  a f t e r  many 

p a ssa g e s  th ro u g h  u n tr e a te d  an im a ls .

In  g e n e ra l ,  th e re  h as  been l i t t l e  o r  no a tte m p t to  

c o r r e la te  su lp h an ilam id e  r e s i s ta n c e  a c q u ire d  in  v i t r o  w ith
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th e  v iru le n c e  f o r  mice o f  th e  s t r e p to c o c c i  concerned . I t  

sh o u ld  be n o te d  t h a t  lo s s  o f  v iru le n c e  i s  th e  r u le  when 

a d a p ta t io n  o f  p a th o g en ic  b a c te r ia  to  d rugs i s  e f f e c te d  

in  v i t r o ;  a c c o rd in g ly  th e  d r u g - r e s i s t a n t  o rgan ism s have 

f re q u e n t ly  been d ep riv e d  o f  t h e i r  m ost im p o rta n t e h a ra c te r  

and have become degraded  to sa p ro p h y te s  from which no 

c o n c lu s io n s  a s  to  ch em o th erap eu tic  b eh av io u r can be drawn. 

T h eo ries  o f  Development o f  D rug-re  s i  s ta n c  e .

A ttem pts have been made to  c o r r e la te  s e n s i t i v i t y  to  

su lp h an ilam id e  w ith  th e  y ie ld  o f  a n t i- s u lp h a n i la m id e  f a c t o r ,  

and Green e t  a l . ( 3 7 )  have su g g ested  th e  m ost p ro b ab le  

e x p la n a tio n s  o f  su lp h an ilam id e  r e s i s ta n c e  to  b e : -  

(a )  more r a p id  s y n th e s is  o f  p-am ina b enzo ic  a c id ; (b) more 

r a p id  r e le a s e  o f  p -am inobenzoic a c id  from th e  o rgan ism s 

in to  th e  su rro u n d in g  medium; (p ) (a )  and (b) o c c u rr in g  o n ly

in  p re se n ce  o f  sulphonam ide; o r  (d ) r e d u c t io n  in  p-am ino— 

b enzo ic  a c id  re q u ire m e n ts . Landy e t  a l , ( 52 ) c o n s id e red

sulphonam ide r e s i s ta n c e  ( s tu d ie d  in  th e  case  o f  8tap h y lo co ccu s

*
a u re u s )  a s  due to  in c re a s e d  s y n th e s is  and l i b e r a t i o n  o f



p-am inobenzo ic a c id .  The r e s u l t  o f  co n tin u ed  exposure

to  sulphonam ide i s  th e  developm ent o f  th e  a b i l i t y  to  

s y n th e s iz e  p -am inohenzoic a c id  in  ex cess  o f  norm al m e tab o lic  

re q u ire m e n ts , and hence sulphonam ide r e s i s ta n c e  a p p e a rs . 

D if fu s io n  o f  sulphonam ide in h ib i to r s  from c o lo n ie s  o f  

sulphonam i d e - re  s i  s t a n t  s t r a i n s  o f  o rgan ism s h as  been  shown 

by Zimmerman e t  a l . ( 1 2 0 )  to  a llo w  th e  grow th o f  s a t e l l i t e  

c o lo n ie s  o f  a more s u s c e p t ib le  s t r a i n  w ith in  th e  zone o f  

d i f f u s io n  on th e  su ffa c e  o f  a g a r  c o n ta in in g  sulphonam ide, 

b u t th e  p ro p e r ty  o f  s t im u la t io n  o f  s a t e l l i t e  grow th depended 

on th e  l i b e r a t i o n  o f  i n h ib i to r  r a th e r  th an  on su lphonam ide- 

r e s i s t a n c e  in  g e n e ra l .

AUTHOR1 S EXPERIMENTS.

In  th e  co u rse  o f  th e  in  v i t r o  ex p erim en ts  d e s c r ib e d  

above, a s t r a i n  o f  s t r e p to c o c c i  w ith  n i n e f o l d  in c re a s e d  

r e s i s ta n c e  to  su lp h an ilam id e  developed  on d n ly  one 

o c c a s io n  ( p .1 1 4 ). The r e s i s ta n c e  ach iev ed  in  t h i s  case  

c o n s is te d  i n  th e  a b i l i t y  o f  th e  organism s to  y i e ld  fo rm a l 

grow th in  p re sen ce  o f  an  amount o f  su lp h an ila m id e  which
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had p re v io u s ly  p roved  b a c t e r i o s t a t i c .  These organism s 

were s t i l l  c a p s u la te d  and r e ta in e d  t h e i r  o r ig in a l  v iru le n c e  

f o r  m ice . A ttem pts to  rep roduce  t h i s  r e s u l t  a l l  f a i l e d .

As f a r  a s  ex p erim en ts  in  v ivo  a re  concerned  -  S ec tio n  

I I I  -  th e re  i s  no ev idence  o f  th e  developm ent o f  any l a s t i n g  

d ru g -re  s i  s ta n c e  by th e  o rgan ism s d u rin g  co n tin u o u s tre a tm e n t 

by a b s o rp tio n  from a depo t o f  d rug .

The a c q u is i t io n  o f  d r u g - r e s i s ta n t  c h a r a c t e r i s t i c s  by 

th e  K ruger s t r a i n  o f  s t r e p to c o c c i  d u rin g  re p e a te d  p assag e s  

th ro u g h  mice in  absence o f  sulphonam ides h as  a lre a d y  been 

d e s c r ib e d  -  pp*51 , 73* I t  h as  been  seen  t h a t  t h i s  r e s u l t  

was a s s o c ia te d  w ith  th e  developm ent o f  c a p su le s  by th e  

o rg an ism s.



SECTION V

THE MODE OF ACTION OF SULEB3NAMIDE DEUGS IN VIVO
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The n a tu r a l  d e fen ces  o f  th e  body a g a in s t  in f e c t io n  

a re  (a )  p h a g o c y to s is  and subsequen t d e s t ru c t io n  o f  th e  

o rg an ism s, (b) th e  b a c t e r i c id a l  a c t io n  o f  th e  body f lu id s  

( i . e .  serum ), and (c )  th e  p o s s ib le  n e u t r a l i s a t i o n  by th e  

serum o f  to x in s  produced by th e  in v ad in g  o rg an ism s. I t  

i s  when such norm al d e fen ces  a re  i n s u f f i c i e n t  to  a r r e s t  

th e  p ro g re s s  o f  th e  in f e c t io n  t h a t  a r t i f i c i a l  m ethods such 

a s  d ru g s o r  a n t i  se ru m -th erap y  m ust be em ployed. On th e  

b a s i s  o f  th e  o b s e rv a tio n s  Q& Ug a c t io n  in  v ivo  a lre a d y  

d e s c r ib e d , i t  i s  o f  i n t e r e s t  to  examine th e  th e o r ie s  which 

have been advanced to  e x p la in  th e  e f f e c t s  o f  chem o th erap eu tic  

a g e n ts  o f  th e  sulphonam ide group in  l i v i n g  t i s s u e  e i t h e r  

a s  a  d i r e c t  a c t io n  on th e  in f e c t in g  o rgan ism s, an 

enhancement o f  th e  d e fe n s iv e  mechanism o f  th e  h o s t ,  o r  a



com bination  o f  th e  two.

Tftiile ^ u i te  c l e a r ly  th e re  i s  no p o s s i b i l i t y  t h a t  th e  

d ip h e n y l-su lp h o n es  a re  a c te d  upon in  th e  body o f  th e  h o s t  w ith  

fo rm a tio n  o f  su lp h a n ila m id e , a s  o c c u rs  in  th e  case  o f  

P r o n to s i l ,  i t  i s  co n v e n ien t to  s tu d y  th e  sulphone d rugs 

a lo n g  w ith  su lp h a n ila m id e , s in c e  th e re  seems to be a 

d i s t i n c t  s im i l a r i t y  in  t h e i r  mode o f  a c t io n .  The q u e s tio n  

i s  n o t co n s id e re d  h e re  a s  to w hether th e  a c tu a l  

eh em o th e rap eu tic  ag e n t i s  th e  drug a s  such o r  a d e r iv a t iv e  

form ed w ith in  th e  body a s  su g g ested  by B urton  e t  a l . ( 1 4 )  on 

th e  b a s i s  o f  ^in v i t r o  ex p erim en ts  w ith  g -hyd roxy lam ino - 

benzene sulphonam ide.

. ANTICAPSUIO GENIC TEED BY.

I t  i s  obv ious t h a t  a e a p s u la te d  organism  i s  l i k e l y  

to  be more r e s i s t a n t  to  a g e n ts  from w ith o u t th a n  a non

c a p s u la te d  one, and L e v a d it i  and Vaisman ( 5 9 )  advanced 

th e  view  t h a t  th e  a c t io n  o f  su lp h an ilam id e  m ight c o n s is t  

in  re n d e r in g  th e  medium w ith in  th e  h o s t  u n s u i ta b le  f o r



th e  developm ent o f  th e  p r o te c t iv e  c a p su le  and hence exposing  

th e  organ ism s to  p h a g o c y to s is , a s  th e  same a u th o rs  had 

a lre a d y  su g g es ted  i n  th e  case  o f  P ro n to h i l  (5 4 ) . To 

prove t h i s  th e y  s tu d ie d  th e  cou rse  o f  pneum ococcal in f e c t io n s  

i n  t r e a t e d  m ice; and th ey  a lso  su g g ested  t h a t  th e  drug 

n e u t r a l i s e d  b a c t e r i a l  to x in s .  But Long and B l i s s  (65 ) 

and C olebrook and Kenny (21) were u nab le  to  confirm  th e  

a n t i  cap su lo  g en ic  p ro p e r ty  in  th e  ca se  o f  su lp h an ilam id e  

and s t r e p to c o c c a l  i n f e c t io n s .  On th e  o th e r  hand, 

S e h lo ssb e rg e r  and Bar (1 0 4 ), a s  a lre a d y  n o te d  (p*53) found 

t h a t  th e  a d d i t io n  o f  mucin to  th e  inoculum  o f  s t r e p to c o c c i  

p r o te c te d  th e  organ ism s from su lp h an ilam id e  by fo rm a tio n , 

a s  i t  w ere, o f  an a r t i f i c i a l  capsu le*  The ex p e rim en ta l 

r e s u l t s  a lre a d y  g iv en  ( p . 52) f o r  th e  a c t io n  o f  su lp h an ilam id e  

pn th e  n o n -c a p su la te d  and c a p s u la te d  p h ases  o f  S tre p to co c c u s  

K ruger and on th e  o th e r  c a p s u la te d  s t r a i n s  o f  s t r e p to c o c c i  

show a d e f in i t e  la c k  o f  th e ra p e u t ic  e f f ic a c y  f o r  th e  drug 

a g a in s t  c a p s u la te d  o rg an ism s. No ev idence h as  been 

found in  th e  p r e s e n t  work o f  any lo s s  o f  c a p su le s  o c c u rr in g



in  the course o f  su c c e ss fu l treatm ent o f  a s tre p to co c c a l  

in fe c t io n  (p . 93 )* w hile  the fa c t  th a t such d egenerative  

changes in  the ca p su les  have been pbserved in  the course  

o f  experim ental pneumococcal in fe c t io n s  i s  u su a lly  

in te rp re ted  as being  m erely the normal p ro cess by which the  

b o d ily  d efen ces a tta c k  and d isp ose o f  the invading  

pneumococci (Whitby, 113)*

ANTI-TOXIC AND ANII~ENIX)1QXIC TffEOBY.

The view  has been advanced th a t the sulphonamide 

drugs a c t  by n e u tr a lis in g  the to x in s  or endotoxins produced 

by the invading organism s -  L ev a d iti e t  a l# (5 5 )*  However, 

dross e t  a l* ( 38) reported  th a t sulphanilam ide exerted  no 

anti-endo to x ic  a c t io n  in  mice a g a in st  fo r m a lin -k ille d  

m eningococci or  s tr e p to c o c c i, or d iacety lam in o-d ip h en y l-  

sulphone a g a in st fo r m a lin -k ille d  s trep to co cc i*  L ev a d iti 

and Vaisman in  v a r io u s rep o rts  ( 56*60 , 57, 58} claim ed  

su c c e s s fu l r e s u lt s  in  v ivo  w ith  sulphonamide drugs a g a in st  

the endotoxins o f  gon ococci, m eningococci, and B*d y scn ter ia e
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(Saiga and F lex n er), but fa i lu r e  a g a in st  stap h y lococca l 

endotoxin . B a y lis s  O ) reported  a lso  th a t sulphanilam ide  

did  n ot in a c t iv a te  to x in s  o f  s ta p h y lo co cci in  v i t r o .

Meyer (78 ) and Osgood e t  a l . ( 9 1 )  c o n s id e re d  t h a t  s u lp h a n i l

amide d id  n o t  n e u t r a l i s e  to x in s  a l te a d y  p r e s e n t ,  h u t 

p ro b ab ly  in h ib i t e d  th e  fo rm a tio n  o f  to x in s  by o rg an ism s.

N i i t i  and Bovet (87) n o te d , how ever, in  t r e a t i n g  ex p e rim en ta l 

s t r e p to c o c c a l  in f e c t io n s  in  r a b b i t s  w ith  su lp h an ilam id e  

t h a t  d u r in g  a p e r io d  o f  ^ $0 6 days fo llo w in g  tre a tm e n t 

b lood  c u l tu r e s  f re q u e n t ly  gave n e g a tiv e  r e s u l t s ,  b u t th e  

o rgan ism s th e n  re a p p e a re d . R e trea tm en t w ith  su lp h an ilam id e

a t  t h i s  s ta g e  m ight cause s t e r i l i s a t i o n  o f  th e  b lo o d , b u t 

d e a th  o c c u rre d  w ith in  1 to  3 &a*ys, th e re  b e in g  no a p p a re n t 

le s io n s  and no r e in f e c t io n  o f  th e  b lo o d . They su g g ested  

t h a t  d e a th  was due to  th e  l i b e r a t i o n  o f  to x in s  owing to  

th e  a c t io n  o f  th e  d rug  on th e  o rg an ism s. On th e  w hole, 

th e  ev idence  f o r  an  a n t i - t o n i c  a c t io n  o f  th e  su lphonam ide» 

d ru g s seems ex ceed in g ly  in c o n c lu s iv e .
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THBQRY OF INCREASED PHAGOCYTOSIS.

I t  h a s  been su g g ested  th a t  th e  a c t io n  o f  th e  sulphonam ide 

d rugs c o n s is t s  in  s t im u la t in g  p h ag o cy tic  re sp o n se , a s  h as  

been o b se rv ed  w ith  se ru m -th e ra p y . Long and B l i s s  (66 ) ,

Gay and Clark (}}),  Eeid ( 96) ,  L ev a d iti e t  al.(5>9) &acL 

dithers have a l l  stu d ied  t h is  problem both by in  v ivo  and 

in  v it r o  methods. The gen era l con clu sion  i s  n ot th a t  

p h agocytosis  i s  stim u la ted , but ra th er  th a t the organism s 

are in  some way a f fe c te d  by the drug so a s to render them 

more su sc e p tib le  to p h a g o cy to sis .

THEORY OF CHANGE IN INVASIVE PBQPERTIES.

I t  i s  p o s s ib le  t h a t  in te r f e r e n c e  w ith  th e  m e tab o lic  

p ro c e s s e s  o f  th e  o rgan ism s m o d if ie s  t h e i r  in v a s iv e  

c h a ra c te r  (W hitby, 115> M cIntosh e t  a l . , 8 2 ) ;  b u t t h i s  

b eh av io u r i s  n o t co n fin e d  to  th e  sulphonam ide d ru g s .

Browning and Gulbransen as ea r ly  as 1919 (9 ) pub lished  

r e s u lt s  o f  treatm ent o f  experim ental pneumococcal 

in fe c t io n s  in  mice by v a r io u s a n t is e p t ic s .  An



i n t r a p e r i to n e a l  inoculum  was fo llo w ed  w ith in  a  few m inu tes 

by an in j e c t i o n  o f  th e  a n t i s e p t i c  s o lu t io n  g iv en  by th e  

same ro u te ,  and cu re s  r e s u l t e d  w ith  p r o f la v in e ,  p h en o l, 

and c o r ro s iv e  su b lim a te . I t  was a p p a re n t t h a t  th e  

a n t i s e p t i c  co o p e ra ted  in  some way w ith  th e  d e fen s iv e  

mechanisms o f  th e  t i s s u e s  to  produce c u re , and i t  was a lso  

shown t h a t  a d d i t io n  o f  p ro f la v in e  to  th e  organism s 

im m ediately  b e fo re  in o c u la t io n  p re v e n te d  th e  d e a th  o f  th e  

an im a l, b u t d id  n o t  n e c e s s a r i ly  s t e r i l i s e  th e  in f e c t io n ,  

a s  a smear from th e  su rfa n e  o f  th e  l i v e r  one month l a t e r  

c o n ta in e d  abundant pneumo c o c c i .  T his su g g e sted  a

m o d if ic a tio n  o f  th e  v iru le n c e  o f  th e  o rgan ism s by th e  

a n t i s e p t i c  to  such a degree As to  produce a m ild  s h ro n ic , 

r a th e r  th a n  an  a c u te ,  in f e c t io n .  H i l l e s  e t  a l . (45) 

have re p o r te d  a lso  th e  i s o l a t i o n  o f  n o n -v iru le n t  

pneumococci from th e  b lood  o f  mice t r e a te d  w ith  

s u lp h a p y r id in e . In  19 Browning and Gfulbransem ( 8 ) 

s tu d ie d  th e  th e ra p y  o f  e x p e rim en ta l s t r e p to c o c c a l
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i n f e c t io n s  in  m ice by means o f  compounds o f  th e  a n i l — 

q u in o lin e  ty p e  and o f  a c r i f l a v in e .  I n je c t io n  o f  s o lu t io n s  

o f  th e s e  d rugs in t r a p e r i t o n e a l ly  one to  two h o u rs  a f t e r  

in o c u la t io n  hy th e  same ro u te  a g a in  le d  to  a la rg e  number 

o f  c u re s ; th e  r e s u l t s  were a s  f o l lo w s : -

D rug. Dure s  /Number 
t r e a t e d .

2 (p-d im ethylam ino  a n i l )6 n -eaproy lam ino  
q u in o lin e  m e th o ch lo rid e .

f  to  f  o f  t o l e r a t e d  dose used  -  -  ----------- 55/82

2 (p-dim ethylam ino a n i l )6 methy1a l l y 1-  
acety lam ino  guino1 in e  m ethochlo r i d e •

% to  1 /6  o f  t o l e r a t e d  dose u sed  -  ----  -  - 34/47

A c r i f l a v in e .

-f to  1 /5  o f  t o l e r a t e d  dose u s e d ---- --- -  - 13/21

A ll  u n tr e a te d  c o n t ro ls  were dead in  24 to  48 h o u rs , A

p r o t r a c te d  co u rse  o f  in f e c t io n  was o b se rv ed  i n  some

i n s u f f i c i e n t l y  t r e a t e d  m ice, which app eared  w e ll f o r  some
\

weeks a f t e r  in o c u la t io n  and th e n  d ie d  o f  s t r e p to c o c c a l  

s e p tic a e m ia .
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The ex p e rim en ta l f in d in g s  d e s c r ib e d  in  S e c tio n  I I I  may 

be s im i la r ly  an a ly se d  a s  re g a rd s  th e  b eh av io u r o f  drug and 

organ ism s w ith in  th e  l i v i n g  h o s t .  I t  h a s  been seen  t h a t  

fo llo w in g  tre a tm e n t o f  an  in f e c te d  anim al s t r e p to c o c c i  can 

c o n tin u e  to  m u lt ip ly  w ith in  th e  t i s s u e s  w ith o u t any ap p a re n t 

h arm fu l r e s u l t s .  In  f a c t ,  th e  organ ism s have te m p o ra rily  

l o s t  t h e i r  v i r u l e n t  p r o p e r t ie s  tow ards th e  in d iv id u a l  h o s t ,  

a lth o u g h  t r a n s f e r  o f  such organ ism s to a f r e s h  h o s t  may 

r e s u l t  in  th e  u su a l f a t a l  s e p tic a e m ia . A s im i la r  

t r a n s i t i o n  from a ch ro n ic  n o n -v iru le n t  phase to  an a c u te  

and v i r u l e n t  form may a lso  o ccu r w ith in  th e  o r ig in a l  h o s t ,  

e s p e c ia l ly  when tre a tm e n t h as  been w ith  a slow ly  absorbed  

compound. In  t h i s  case  th e  drug  h as  been s u b s t a n t i a l ly  

e r a d ic a te d  from  th e  t i s s u e s  w ith  consequen t d im in ish ed  

in f lu e n c e  o v e r th e  o rg an ism s, which a re  now f r e e  to  grow 

un d er norm al body c o n d it io n s  w ith  r e tu r n  odt t h e i r  

p a th o g en ic  c h a r a c t e r i s t i c s .  T his e x p la n a tio n , however, 

does n o t cover th e  f a c t  t h a t  l a t e  d ea th s  have been re p o r te d  

fo llo w in g  tre a tm e n t w ith  su lp h an ilam id e ; and th e se  canno t
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be a t t r i b u t e d  in  any way to  th e  co n tin u ed  e f f e c t  o f  th e  

drug  w ith in  th e  t i s s u e s ,  a s  su lp h an ilam id e  i s  r a p id ly  

e x c re te d . I t  h a s  been su g g ested  by M ellon e t  a l . ( 7 7 )  t h a t  

th e  in v ad in g  o rg an ism s, b e in g  reduced  in  v iru le n c e  by th e  

a c t io n  o f  th e  d rug , a re  in g e s te d  by th e  p h ag o cy tes  and 

th e re  l i e  dorm ant; th e n  on l i b e r a t i o n  by l y s i s  o f  th e  

p h ag o cy tes  th ey  renew theifc  p a th o g en ic  a c t io n  in  absence 

o f  th e  d rug  and cause th e  d ea th  o f  th e  h o s t .

TEED BY OF PBQDUCTION OF IMMUNITY BESB3NSE.

There i s  a lso  th e  p o s s i b i l i t y  th a t  th e  i n i t i a l  e f f e c t  

o f  th e  drug  in  k i l l i n g  some o f  th e  organiam s r e s u l t s  in  a 

s t im u la t io n  o f  an tib o d y  p ro d u c tio n  by th e  h o s t  s im i la r  to  

t h a t  induced  by in o c u la t io n  o f  dead o r  a t te n u a te d  c u l tu r e s ,  

and t h a t  such enhancement o f  th e  d e fe n s iv e  mechanism i s  

th e n  s u f f i c i e n t  to  d isp o se  o f  th e  rem ain ing  o rg an ism s.

T his immunity re sp o n se , o f  c o u rse , would v a ry  w ith  th e  

p a r t i c u l a r  o rganism  concerned .

In  th e  case  o f  th e  pneumococcus, immunity to
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r e  i n f  a c t io n  i s  r e a d i ly  e s ta b l i s h e d  in  mice a s  a r e s u l t  o f  

s u c c e s s fu l  tre a tm e n t o f  a p rim ary  in f e c t io n .  Whitby (1 1 4 ), 

M cIntosh e t  a l * (8 2 ), and Schmidt e t  § 1 .(1 0 5 ) found t h a t  mice 

cu red  w ith  su lp h a p y rid in e  were n e a r ly  a l l  immune to  

r e in f e c t io n  w ith  th e  homologous s t r a i n  o f  pneum ococci, 

a lth o u g h  ac co rd in g  to  th e  l a s t  a u th o rs  th e  immunity g ra d u a lly  

d isa p p ea re d ; th u s  86 p e r  c e n t ,  o f  th e  mice were immune 

to  r e in f e c t io n  7 to  14 days a f t e r  th e  o r ig in a l  inoculum  

and th e ra p y , b u t o n ly  6 p e r  c e n t ,  were s t i l l  immune 28 days 

a f te r *  P e in s to n e  e t  a l . ( 26 ) r e in o c u la te d  cu red  mice

30 days a f t e r  th e  o r ig in a l  inoculum  o f  pneumococci and 

tre a tm e n t w ith  4 :4 f-d iam in o -a ip h en y l-su lp h o n e  and re p o r te d  

330 im m unity. The f a c t  t h a t  immunity to  pneum ococcal 

in f e c t io n s  can  be r e a d i ly  e s ta b l i s h e d  by v a c c in a t io n  w ith  

a t te n u a te d  c u l tu r e s  a ls o  s tr e n g th e n s  th e  th e o ry  t h a t  th e  

th e ra p e u t ic  e f f e c t  i s  due a5  l e a s t  i n  p a r t  to  an immunity 

re sp o n se .

W ith e x p e rim en ta l s t r e p to c o c c a l  in f e c t io n s  on th e  

o th e r  hand, i t  i s  f re g u e n t ly  c o n s id e red  t h a t  l i t t l e  o r  no



immunity to  r e in f e c t io n  r e s u l t s  in  mice which have been 

cu red  w ith  sulphanam ide d rugs -  IT i t t i  e t  § 1 (8 9 ), L e v a d it i  

e t  a l . (53)• Loew enthal (63 ) and G olebrook e t  a l . (22) 

have b o th  a ttem p ted  to  combine d ru g -th e ra p y  and tre a tm e n t 

w ith  th e  c o rre sp o n d in g  a n t i  serum . Loew enthal concluded

t h a t  th e  m a jo r i ty  o f  f a i l u r e s  in  su lp h an ilam id e  th e ra p y  

were due to  a f a i l u r e  o f  immunity re sp o n se . W ith a 

p re p a ra to ry  dose o f  an tise ru m  16 to  18 h o u rs  b e fo re  

in o c u la t io n  o f  s t r e p to c o c c i  and th e ra p y  w ith  su lp h a n ila m id e , 

75 p e r  c e n t ,  o f  mice were cu red  a s  compared w ith  none o u t 

o f  60 r e c e iv in g  a n t i  serum a lo n e  and 8 o u t o f  60 r e c e iv in g  

drug  a lo n e . G olebrook o b ta in e d  l e s s  s t r i k in g  r e s u l t s  by 

a s im i la r  method and d id  n o t  c o n s id e r  t h a t  any advantage 

was g a in ed  in  tre a tm e n t o f  ex p e rim en ta l s t r e p to c o c c a l  

in f e c t io n s  by com bining serum and d rug  a d m in is t r a t io n .  

Im m unisation  o f  mice by means o f  s t r e p to c o c c a l  v a c c in e s  

h as  a ls o  been r a th e r  u n c e r ta in .  Long and B l is s  (65 ) 

have r e p o r te d  re p e a te d  f a i l u r e s ,  b u t in  th e  p r e s e n t  a u th o r 's  

ex p e rien ce  in j e c t i o n  o f  f l u i d  c u l tu r e s  which had d ied



sp o n tan eo u sly  th ro u g h  k eep in g  in  th e  f ro z e n  s t a t e  f o r  

9i  months was found to  pro t e n t  h a l f  th e  mice so t r e a te d  

a g a in s t  an inoculum  o f  th e  homologous c a p s u la te d  s t r a i n  

w hich k i l l e d  a l l  u n tr e a te d  c o n t ro ls  (see  p . 38)* Jui-Pimg-W u 

(49) found t h a t  a f a i r l y  heavy dosage o f  k i l l e d  v a c c in e ,

1*75 to  8 .2 5 e c ,,  o v e r 2 to  4 w eeks, g e n e ra l ly  produced 

immunity in  mice to  h ig h ly  v i r u l e n t  s t r a i n s  o f  s tre p to c o c c i*  

I t  m ust he hom e in  mind t h a t  a v e ry  m inute dose o f  l i v i n g  

v i r u l e n t  pneum ococci o r  s t r e p to c o c c i  c o n s t i tu t e s  th e  

1110001™  and th a t  a d m in is t r a t io n  o f  th e  d rug , begun a t  

th e  tim e o f  in o c u la t io n ,  p re v e n ts  any c o n s id e ra b le  

m u l t ip l i c a t io n  o f  th e  o rganism s in  a la rg e  p ro p o r tio n  

o f  th e  mice which u l t im a te ly  s u rv iv e . T h ere fo re  in  th e se  

c a se s  th e  v e ry  sm all amount o f  a n t ig e n ic  m a te r ia l  a v a i la b le  

i n  th e  body may be i n s u f f i c i e n t  to  e f f e c t  im m unisation*

But when c o n t ro l  o f  th e  in f e c t io n  i s  n o t im m ediate and 

th e re fo r e  m u l t ip l i c a t io n  o f  th e  in v a d in g  organ ism s i s  n o t 

r a p id ly  checked, i t  i s  Q uite p o s s ib le  t h a t  th e  immunity 

resp o n se  p la y s  a more im p o rta n t p a r t  i n  conducing to  c u re .
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The o cc u rren ce  o f  l a t e  d e a th s , e s p e c ia l ly  th o se  fo llo w in g  

su lp h an ilam id e  th e ra p y , i s  r e a d i ly  ex p la in e d  by t h i s  th e o ry * 

Thus rec o v e ry  does n o t demand a co n tin u ed  a c t io n  on th e  

p a r t  o f  th e  d rug , e .g .  by a b s o rp tio n  from a depo t a t  th e  

s i t e  o f  in j e c t i o n ,  w h ile  r e la p s e  r e s u l t s  from  f a i l u r e  to 

m a in ta in  a b a lan ce  betw een th e  o rgan ism s and th e  h o s t 's  

immunity re sp o n se s .

CONCLUSIONS.

V arious th e o r ie s  have been advanced to  acco u n t f o r  th e  

a n t i - in f e c t iv e ^  a c t io n  o f  th e  su lphonam ides. C e r ta in  o f  

th e s e ,  namely th e  view  t h a t  c a p su le  fo rm a tio n  i s  i n t e r f e r e d  

w ith , t h a t  th e  drug  n e u t r a l i s e s  ex o to x in s  and en d o to x in s , 

o r  t h a t  i t  s t im u la te s  p h a g o c y te s is , o b ta in  l i t t l e  su p p o rt 

from ex p e rim en ta l f in d in g s  -  th e  f i r s t  p ro b ab ly  s u b s t i t u t e s  

an e f f e c t  f o r  a ca u se , w h ile  th e  second and t h i r d  a re  

f a i r l y  d e f i n i t e l y  d isp ro v e d .

Much s t r e s s  h as  been l a i d  on th e  a n t i s e p t i c  o r  

b a c t e r i o s t a t i c  p r o p e r t i e s  o f  th e  d ru g s , b u t o b s e rv a tio n s



i n  v i t r o  show t h a t  th ey  p o sse ss  such a c t io n  o n ly  to  a 

r e l a t i v e l y  s l i g h t  e x ta n t ,  w hereas compounds which a re  

ex trem ely  pow erfu l i n  t h i s  r e s p e c t  in  v i t r o ,  e .g .  a c r i f l a v in e ,  

f a i l  to  a c t  in  v ivo when th e  a tte m p t i s  made to  in f lu e n c e  

a g e n e ra l b a c t e r i a l  in f e c t io n .  S ince a g e n e ra l 

trypanosom e in f e c t io n  i s  in f lu e n c e d  by a c r i f l a v in e ,  i t  

can  s c a rc e ly  be argued  th a t  th e  drug  i s  n o t a v a i la b le .  

T h erefo re  in  th e  ca se  o f  b a c te r ia  th e  r e s u l t s  o b ta in e d  

in  v i t r o  do n o t  ap p ear to  be a p p l ic a b le  to  o c c u rren c es  

in  v iv o . The p r e s e n t  o b s e rv a tio n s  on th e  b eh av io u r 

o f  s t r e p to c o c c i  in  th e  c i r c u l a t i o n  o f  in f e c te d  and t r e a t e d  

an im als  h as  a f fo rd e d  d e f in i t e  new in fo rm a tio n . I t  h as  

been  found t h a t  w h ile  in  th e  m a jo r i ty  o f  th o se  which become 

cu red  th e  o rgan ism s r a p id ly  d is a p p e a r , n e v e r th e le s s  in  a 

c o n s id e ra b le  p ro p o r tio n  th e  in f e c t io n  p e r s i s t s  f o r  a 

p e r io d  ex ten d in g  sometimes to  many d ay s . D uring t h e i r  

p e r s is te n c e  in  th e  b lood  th e  s t r e p to c o c c i  may be h ig h ly  

v i r u l e n t  f o r  o th e r  an im als , a t  l e a s t  f o r  a t im e , On th e  

o th e r  hand, no p ro lo n g ed  p ro p h y la c t ic  e f f e c t  fo llo w s
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th e  a d m in is t r a t io n  o f  a r a p id ly  e x c re te d  drug  such a s  

su lp h a n ila m id e , so t h a t  th e  defence  mechanisms o f  th e  

body show no ev idence  o f  s t im u la t io n .  T h ere fo re  i t  

would seem t h a t  th e  m e tab o lic  p ro c e s s e s  o f  th e  o rgan ism s 

m ust be c o n t ro l le d  under th e  in f lu e n c e  o f  th e  d rug  so a s  to  

en ab le  th e  n a tu r a l  d e fe n s iv e  mechanisms o f  th e  h o s t  to  

come in to  p la y  e f f e c t i v e l y .  I t  i s  em phasized t h a t  w h ile  

th e s e  o b s e rv a tio n s  were made w ith  a d rug  w hich i s  slow ly  

ab so rbed  and e x c re te d , th e  o c c u rren c e  o f  l a t e  r e la p s e s  

in  m ice t r e a t e d  w ith  th e  r a p id ly  e x c re te d  su lp h an ila m id e  

p o in t  c o n c lu s iv e ly  in  th e  same d i r e c t io n .

O b se rv a tio n s  in  v i t r o  show t h a t  th e  sulphonam ides 

a f f e c t  th e  m etabo lism  o f  th e  o rg an ism s, a lth o u g h  in  an 

e r r a t i c  m anner,w hich i s  d i f f i c u l t  to  rep ro d u ce  c o n s ta n t ly .  

T h is , coup led  w ith  th e  i n t e r f e r i n g  e f f e c t  o f  p -am inobenzo ic 

a c id  on th e  a c t io n  o f  sulphonam ides b o th  in  v ivo  and in  v i t r o . 

s t r o n g ly  su p p o r ts  th e  v iew  t h a t  th e  r e s u l t s  o f  sulphonam ide 

th e ra p y  a re  i n i t i a l l y  due to  some d i r e c t  e f f e c t  on th e  

o rg an ism s, and su b se q u e n tly  to  th e  a c t io n  e x e r te d  on th e  

l a t t e r  by th e  h o s t 's  t i s s u e s .
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TA B LE I

T o x ic ity  o f  B ulphanilam ide f o r  M i c e ,  

Summary o f  P u b lish e d  He s u i t s .

Dosage p e r  o s .

Dose p e r  
20g. mouse

N atu re  o f  
p r e p a ra t io n

R e s u lt . A u tho r,

18mg, in  acac ia* w e ll t o l e r a t e d . M arsh a ll ( 73 )
30mg, It u innocuous* B u tt le  (16)

»» aqueous. t o l e r a t e d . Fourneau ( 30)
<i to x ic . 7£hitby (113)

70- 80mg, in  a c a c ia . a c u te ly  to x ic . F e in s to n e  ( 26)
76mg, «t it 50fo s u rv iv o rs . M arsh a ll ( 73 )

lOOmg. It « to x ic . B u t t le  (16)
120mg, aqueous. 5G/£ s u rv iv o r s . H alp em  (40)
123mg. in  a c a c ia . minimum l e t h a l  

dose*
Barlow (1)

200mg* »i »i l e th a l* B u t t le  (16)
^ 2G0mg* it it IQQfo l e t h a l . M arsh a ll ( 73 )

Dosage su b cu tan eo u s.

Dose p e r  
20g , mouse

N ature  o f  ; 
.p rep ara tio n !

R e s u l t . A u thor,

lOmg, aqueous. d i s t i n c t l y  to x ic* Ruegsegger (103 )
18mg. 11 to x ic ,  n o t l e t h a l .Long (63 )

} 2Qmg. ti l e t h a l . Ruegsegger (103)
30mg, s a l i n e . to x ic ,  n o t l e t h a l .Hoare (46)
40mg. aqueous. to l e r a t e d . R a iz is s  (93)
30mg* it l e t h a l . * (95)
55mg. n minimum l e t h a l  

do se*
Barlow (1)

60mg, ti
(Na s a l£ )

36fo s u rv iv o rs . iBonovick ( 23 ) 
(long (69 )

75^g. in  a c a c ia . minimum l e t h a l  
do se .

Barlow (1)

IgOmg. in  o l iv e  
o i l*

l e t h a l . R o sen th a l (98)



TABLE II

T o x ic ity  o f  S u lphan ilam ide f o r  M ice, 

Summary o f  A u th o r’s B e s u l ts .

Dosage su b cu tan eo u s.
— II —

Lose p e r  
20g» mouse

B atu re  o f  
p r e p a ra t io n

No. o f  
, m ice.

E f f e c t .

50mgo in  a c a c ia . 2 t o l e r a t e d ,  p r a c t i c a l l y  no lo s s  
o f  w e ig h t.

67mg. f! If 2 t o l e r a t e d ,  no lo s s  o f  w e ig h t.

lQQmg. II If 2 w , p r a c t i c a l l y  no lo s s  
o f  w e ig h t.

I3 > g » n n 2 l e t h a l ,  (b o th  mice d ie d  w ith in  
24 h o u r s .)

l 67mg. it it I t o l e r a t e d  w ith o u t lo s s  o f  
w e ig h t.

2©Gmg. ti ft 1 t o l e r a t e d  w ith o u t lo s s  o f  
w e ig h t.



TABLE I I I

T o x ic ity  o f  L i amino -d in h en y l-au ln h o n e  f o r  m ica. 

Summary o f  A u th o r’s Re s u its *

Do sage su b su tan eo u s .

Dosage in  m 
p e r  20g. mouse .

T o ta l

N atu re  o f  
p r e p a ra t io n

No, o f  
, m ice.

E f f e c t ,

3 , 2 . 5 , 2 . 5
( 0 , 5 , 2 4  h o u rs)

8 aqueous. 2 R e ad ily  to le r a t e d ,  
p r a c t i c a l l y  no lo s s  
o f  w e ig h t.

?>*•(0 ,5  h o u rs)
8 it 4 2 dead w ith in  24 hours.

5*3 ,3
(0 ,5 ,2 4  ho u rs

11
)

»t 2 T o le ra te d  w ith  
tem porary  lo s s  o f  
w e ig h t.

10 10 n 6 4 d ie d  in  1 -5  days, 
o th e r s  re co v e re d , 
a l l  showed to x ic  
symptoms.

1 2 ,5 1 2 ,5 ti 6 1 d ie d  in  24 h o u rs , 
5 o th e r s  reco v e red  
co m p le te ly .

14 14 it 3 A ll  reco v e red  
co m p le te ly .

17 17 » 3 A ll  dead in  24 h o u rs .
20 20 n 3 A ll  dead in  24 h o u rs .

^ R e s u l t s  marked a re  from  e a r l i e r  la b o ra to ry  r e c o rd s - s e e  p . 8 ,



1A3LB IV

I b x ic ity  o f  P iacetylam ino-d iphenyl-su lpbone fo r  M ice,

Summary o f  A u th o r’s  Be s u i t s .  

Dosage su b cu tan eo u s.

Dose p e r  
20g. mouse,

N ature o f  
p r e p a ra t io n

No, o f  
m ice.

E f f e c t .

5^g. a^ueous. 1 to le r a t e d  w ith o u t lo s s  o f  
w e ig h t.

lQmg. n 4 to l e r a t e d  w ith o u t lo s s  o f  
w e ig h t.

20mgo it 3 to le r a t e d  w ith o u t lo s s  o f  
w e ig h t,

50mg, n l v e ry  w e ll t o l e r a t e d .

lOOmg. tt 4 to l e r a t e d  w ith o u t lo s s  o f  
w eigh t •

200mg, ti 1 v e ry  i f e l l  t o l e r a t e d .

^J0mg8 ti 1 v e ry  w e ll t o l e r a t e d .



TABLE V

S tandard  Dosage o f  Sulphome Drugs f o r  M ice.

Aqueous d is p e r s io n  in je c t e d  subcu tam eously .

Drug. Dosage in  mg, 
a t  0 , 5 , and  24 h o u rs .

D u ra tio n  o f  
d ep o t.

T a ta l .

Diamino -d ip h e n y l-  
su lphone .

3 . 3 ,2 . 5 , 2 .5 8 .3 4 d ays.

M onoacetyl 
d e r iv a t iv e . 6 .7 ,4 .0 ,4 ,0 14 ,7 8-11 weeks.

D ia c e ty l
d e r iv a tiv e * 1 0 ,6 .7 ,6 .7 23*4 *-

& S in g le  dose o f  5 0 m g /-  d e p o s it  s t i l l  p r e s e n t  5 i  months
la te r *



TABL E VI

V iru len ce  o f  S trep  to coccus K ruger a s  Ass e ssed  by Two Methods o f  D i lu t io n .

I n i t i a l  d i lu t io n :  Q,02i5C. o f  pu re  c u l tu re  in  lO ec. o f  b ro th  (=1 : 500)•
T en -fo ld  d i lu t io n s  mado in  b ro th  t h e r e a f t e r .

B e s u lts  from 4 ex p erim en ts .

No. o f  
ex p e rim en t,

D ilu t io n ,
----------------------------------- -------------------- t-------------------

Method 1 .
(S in g le  p ip e t t e  t h r o u g h o u t ) Method 2. 

(S e p a ra te  p ip e t t e  f o r  each d:L lu tio n .)
T o ta l . D eaths up 

to  24 hours,
D eaths a t  

24-48 h o u rs .
D eaths a f t e r  

; 48 h o u rs .
T o ta l . D eaths up 

to  24 h o u rs
D eaths a t  

24-48 h o u rs
D eaths a f t e r  
, 48 h o u rs .

1 . 1 500,000 3 3
1 5 , 000,000 3 3 — y

3
y

3 mm
1 50, 000,000 3 2 1 y

3 y3 _

1 500 , 000,000 3 2 1 —
y1J

y

0 2 1
2 . 1 500,000 2 2 - 2 1 1

1 5 , 000,000 2 0 2 mm 2 1 1 mm

1 50, 000,000 2 1 1 mm 0 2 mm

1 500, 000,000 2 0 2 — mm

3. 1 500,000 2 1 1 2 1 0 1
1 5 , 000,000 2 2 — mm

1 50, 000,000 2 1 1
1 500 , 000,000 2 0 1 1 — —

4. 1 5QO,000 2 2 — 2 21 5 , 000,000 2 1 1 mm

1 50 , 000,000 2 0 2 mm

1 500, 000,000 2 0 2 — — — — —'
T o ta l . 1 500,000 6 5 1

t 1 .. 1 -------
9 7 1 1

1 5 , 000,000 9 6 3 /
5

*
4 1

1 50 , 000,000 9 4 3 mm

y

5 3 2 _
1 500,000  000 9 2 6 ; 1

y

3
y

0 2 1
33 17 13 j 1 22 14 6 2



TABLE VII

A lte r a t io n  in  C h a ra c te r  o f  s t r e p to c o c c u s  K ruger.

P e r io d . D u ra tio n  o f  p e r io d . Source • C a p su la tio n .
/

V iru le n c e .

I J a n .1931 -  J a n .1939 
(L a n c e f ie ld  Group B)

S p leen .
(From D r. F e l d t . )

No n -c  ap su la  te d . 1 :100 ,000  
112/134 (73f°) dead in  24 h o u rs .

I I J a n .1939 -  S e p t .1939* H e a rt-b lo o d  o f  mouse. C ap su la ted . 1 :1 0 ,0 0 0 ,0 0 0  
34/63 ( 54/0) dead in  24 h o u rs .

I I I O c t .1939 -  F eb .1942 H e s r t-b lo o d  o f  mous©. C ap su la ted . 1 :1 0 ,0 0 0 ,0 0 0  
65AIO (5 9 / )  dead in  24 h o u rs .

IV F e b .1942 -  Ju ly  1943. 
(L a n c e f ie ld  Group B)

S p leen .
(S to re d  s in c e  S e p t. 1939)

C ap su la ted . 1 :1 ,0 0 0 ,0 0 0  
26/44  ( 59f<>) dead in  24 h o u rs .

V Ju ly  1943 -----------

1

Bo i l e  d -b lo o d -b ro  th  
c u l tu r e  f ro z e n  s in c e  

F eb .1938.

No n -c a p s u la te d . 1 :1 .0 0 0
24/36 (67fo) dead in  24. h o u rs .

*



TABLE VIII

Treatment w ith  Bulnhanilamide -  Varying In o cu la .

tS tr e p to c o c c u s  K ruger P e rio d  I ,

Inoculum  in t r a p e r i to n e a l :  u n tr e a te d  c o n t ro ls  w ith  th e  same
inoculum  a l l  d ied  in  24 h o u rs .

T reatm ent subcu taneous: 10 ,6 .7*  aj3-l 6#7mS*(23»4mg, i n  a l l )
a t  Q ,5 9 and 24 h o u rs  r e s p e c t iv e ly .

Inoculum . T o ta l 
No. o f  

m ice.

CU3 

Ho.

re s . S u rv iv a l tim e o f  mice 
dy ing  from  in fe c t io n *

1 :10 5 3 - 5 d ays.
1:100 24 16 67 3-3 "
1 :1 ,0 0 0 38 18 47 3-3 "
1 :5 ,0 0 0 3 1 - 4 *
1 :1 0 ,0 0 0 25 23 92 6 "
1 : 25,000 2 0 — 2-6 "
1 : 50,000 2 1 — 8 ft
1 :100 ,000 13 8 62 3-6 11

112 70 63

t A l l  r e s u l t s  a re  from e a r l i e r  la b o ra to ry  re c o rd s  -  see  p*8 .



TABLE IZ

Treatment w ith  Suluhanilamide -  Varying Do sa g e .

fS tre p to c o c c u s  K ruger P e r io d  I .

Inoculum  in t r a p e r i t o n e a l :  u n tr e a te d  c o n t ro ls  w ith  th e  same
inoculum  (1 :10  to  1 :1 0 0 ,0 0 0 ) a l l  d ie d  i n  24 h o u rs .

T reatm ent su b cu tan eo u s.

Dosage in  mg.

T o ta l

Timing o f 
do sage 

in  h o u rs .

T o ta l 
|No. o f

m ice.

C ures.

N o .  1o

S u rv iv a l tim e 
o f  mice dy ing  
from  in fe c tio n ^

1 , 0 . 67 , 0 .67
1 . 67 , 1 . 1 , 1 . 1 ,
1 . 67 , 1 . 25 , 1 . 2 :
5 . 5, 2 . 2 , 2 .2  
10
2 . 5 . 2 . 5 . 2 . 5 ,

2 .5
10 . 6 .7
5 . 5 . 5 . 5 .

10 . 6 . 7 . 6 .7

2 .5 4
2.87
4 .17
7 .7

10

10
p.6 ,7
20

2 5 .4

0 ,5 ,2 4
0 ,5 ,2 4
0 ,5 ,2 4
0 ,5 ,2 4
0
0 ,5 ,2 4 ,

29
0 ,5
0 ,5 ,2 4

29
0 ,5 ,2 4

1

112

T 
0 
0 
0J

\
>145 >89

4X
3

70)

2 days, 
.0 ti

3
2-4
2-3

3-9
4

3-4

ti
ft

tr

Be s u i t s  grouped in d e p en d en tly  o f  th e  s iz e  o f  th e  inoculum , 

j 'A l l  r e s u l t s  a re  from  e a r l i e r  la b o ra to ry  re c o rd s  -  see p . 8 .



TABLE X

(A) Delayed. T reatm ent w ith  S u lp h an ilam id e .

T S tre p to c o c c u s  K ruger P e r io d  I .
Inoculum  i n t r a p e r i t o n e a l ;(1 :1 0  to  1 :1 0 0 ,0 0 0 ): u n tr e a te d

c o n t ro ls  w ith  th 4  same inoculum  a l l  d ie d  in  24 hours#
T reatm ent subcu taneous in  5 doses o f  1 0 ,6 .7 ,6 .7 m g . (25.4m g. in

a l l ) .

Timing o f  
dosage in  

hours#

T o ta l 
No# o f 
mice.

Cures. S u rv iv a l tim e o f  mice 
dy ing  from in f e c t io n .

6 ,1 1 ,2 4 7 4 4 -5  d ay s .
2 ,7 ,2 4 7 7 —

0 ,5 ,2 4 112 70 jj—4 ”

(B) P ro p h y la c t ic  T reatm ent w ith  S ulphanilam i.de.

“f  S tre p to c o c c u s  K ruger P e r io d  I .
Inoculum  in t r a p e r i t o n e a l  (1 :100  to  1 :1 0 ,0 0 0 ) : u n tr e a te d

c o n t r o ls  w ith  th e  same inoculum  d ie d  i n  24 hours#
T reatm ent su b cu tan eo u s .

i Dosage in  mg.

Dotal,

Timing o f  
dosage in  

h o u rs  i t® fo re  
inoculum .

T o ta l
tfof o f  
m ice.

Dures. S u rv iv a l tim e 
o f  mice dy ing  
from in f e c t io n

1 0 ,6 ,7 1 6 .7 24,19 5 0 1C\J d ay s .
10 , 6 . 7 , 6 .7 2 5 .4 2 4 ,5 ,0 6 1 5-4 t!

1 0 . 1 0 . 1 0 . 30 50*26,2 5 G 2 II

10 , 10 ,10 30 5 5 1 ,2 9 i, 5k 5 0 2 It

10 , 10 ,10 30 7 2 ,4 8 ,2 4 5 0 2 It

10 , 10 , 10 , 10 ,10 50 7 2 ,4 8 ,2 4 ,5 ,0 4 5 2 II

t  A ll  r e s u l t s  a re  from  e & r l ie r  la b o ra to ry  re c o rd s  -  see p*8 #



TABLE XI

V aria tion  in  C u rab ility  o f  Streptocooous Kruger a t  D iffe r e n t
P eriods -  Treatment by Sulphanilam ide.

Inoculum  in t r a p e r i to n e a l  (1 :10  t o '1 :1 0 0 ,0 0 0 ) : u n tr e a te d
c o n t r o ls  w ith  th e  same inoculum  a l l  d ie d  in  24 hours*

T reatm ent subcu taneous: 10 , 6 . 7 , 6 . 7mg.(23»4mg. in  a l l )  a t
0 ,5 * and 24 h o u rs  r e s p e c tiv e ly *

P e rio d , C o n d itio n  o f  
s t r a i n .

T o ta l 
No, o f  

m ice.

Cu]

No.

re s .

io

S u rv iv a l tim e 
o f  mice dy ing  
from  in f e c t io n .

I

I I

I I I

IV

V

Non—c a p s u la te d ,

C ap su la ted .

C a p su la ted .

C a p su la ted .

N on-capsu la ted ,

112

121 
12 -j

8j

47

70

1

V2 0

1J

31

•

2

•

66

3-4  d ay s .

2 -3  "

, 2 - 4  "

2-3  11

2—7 *» %•

2 mice a ls o  d ie d  a t  44 and 62 days r e s p e c t iv e ly .  

E e s u i t s  gftm ped in d e p en d en tly  o f  th e  inoculum .



TABLE XII

T reatm ent w ith  P i am ino-d ipheny l-suT phone.

(A) “f"S trep tococcus K ruger P e r io d  I .
Inoculum  in t r a p e r i to n e a l  (1 :10  to  1 :1 0 0 ,0 0 0 ): u n tr e a te d

c o n t ro ls  w ith  th e  same inoculum  a l l  d ie d  in  24 h o u rs .
T reatm ent su b cu tan eo u s.

Inoculum . Bo sage in  mg. Timing o f T o ta l Cures, Time o f
dosage in tfo. o f s u rv iv a l

h o u rs . m ice. o f  mice
dy ing  from

To t a l , in f e c t io n .

1 :10 3 .3 ,2 .5 ,2 .5 8 .3 0 ,5 ,2 4 2 0 5 d ay s .
1:100 1 . 67 , 1 , 25, 1,23 4 .17 0 ,5 ,2 4 2 1 5 "
1:100 3 . 3 , 2 . 5 , 2 .5 8 .3 3 ,5 ,2 4 2 0 5 ”
1 : 1,000 1 . 67 , 1 . 25 , 1.23 4 .17 0 ,5 ,2 4 2] * 1] 5
1 :1 ,000 5 . 3 , 2 . 5 , 2 ,5 8 .3 0 ,5 ,2 4 4 4 —
1 :1 0 ,0 0 0
1 :100 ,000

2 .5
1 . 0 , 0 . 5 , 0 .5

2 .5
2 .0

0
0 ,5 ,2 4

1
2 >1£ 1

2 •13
1 :100 ,000 2 . 0 , 1 . 0 , 1 .0 4 .0 0 ,5 ,2 4 2 2 \ —
1 :100 ,000 2 . 5 , 2 . 0 , 2 .0 6 .5 0 ,5 ,2 4 1 I J — ■.

These r e s u l t s  a re  from e a r l i e r  la b o ra to ry  re c o rd s  -  see p . 8 .

(B) S tre p to c o c c u s  K ruger P e rio d  I I I .
Inoculum  in t r a p e r i t o n e a l  (1 :1 0 0 ,0 0 0 ): u n tr e a te d  c o n t ro ls

w ith  th e  same inoculum  a l l  d ie d  in  24 h o u rs .
T reatm ent su b cu tan eo u s.

Dosage in  mg. Timing o f T o ta l Cures. S u rv iv a l tim e
dosage in Jo# o f o f  mice dy ing

T o ta l, h o u rs . m ice. from in f e c t io n .

0 .-5 ,0 .4 1 ,0 .4 1 1 .5 2 0 ,5 ,2 4 3 0 2-3 d ay s .
1 .0 ,0 .5 ,0 .5 2 .0 0 ,5 ,2 4 3 0 3 if
2 ,08 2 .08 0 4 0 3-5 n
0 .8 3 ,0 .6 2 5 ,0 .6 2 5 2 .08 0 ,5 ,2 4 4 0 1 -3 11

4 .1 6 4 .16 0 4 0 3-4 ii
1 .6 7 ,1 .2 5 ,1 .2 5 4 .17 0 ,5 ,2 4 4 0 3-4 t»

8 .3 3 .3 0 4 1 4-6 vf
3 0 , 2 . 5 , 2 . 5 8 .3 0 ,5 ,2 4 2 0 4-5 11



TABLE K il l

Delayed and P rop hylactic  Treatment w ith  D iam ino-diphenyl-
su lphone.

(A) D elayed tr e a tm e n t .

“( 'S trep to eo co n s K ruger P e r io d  I .
Inoculum  in t r a p e r i t o n e a l  (1 :1 ,0 0 0  to 1 :1 0 ,0 0 0 ) : u n tr e a te d

c o n t ro ls  w ith  th e  same in o c u lm  a l l  d ie d  in  24 h o u rs .
T reatm ent su b cu tan eo u s.

Dosage in  mg. Timing of T o ta l Cures , S u rv iv a l tim e
dosage in No. o f o f  mice dy ing

Dotal ► h o u rs . m ice. from in f e c t io n .

2 .5 2 .5 2 1 0 6 d ay s .
1 .2 5 ,0 .8 3 ,0 .8 3 2 .91 6 ,1 1 ,2 4 4 4 —

2 .5 ,1 .6 7 ,1 .6 7 5 .84 6 ,1 1 ,2 4 4 5 6 d ay s .
2 .5 ,2 .0 ,2 .0 6 .5 2 ,5 ,2 4 2 1 28 *
2 .5 ,2 .0 ,2 .0 6 .5 6 ,1 1 ,2 4 3 1 2-26  ”

(B) P ro p h y la c tic  t r e a tm e n t .

f  S tre p to c o c c u s  K ruger P e r io d  I .
Inoculum  in t r a p e r i t o n e a l  (1 :2 ,0 0 0  to  1 :1 0 ,0 0 0 ) : u n tr e a te d

c o n t r o ls  w ith  th e  same inoculum  a l l  d ie d  in  24 h o u rs .
T reatm ent su b cu tan eo u s.

Dosage in  mg.

T o ta l

Timing o f  
dosage in  

h o u rs .

T o ta l 
Ho. o f  

m ice.

Cures , S u rv iv a l tim e 
o f  mice dy ing

from in f e c t io n .
(

2 , 5 , 2 . 5 , 2 . 5 , 2.5  
2 .5 12 .5

7 2 ,4 8 ,2 4 , 4 3 10 d a y s .

j ’A ll  r e s u l t s  a re  f m m  e a r l i e r  la b o ra to ry  re c o rd s  -  see p . 8 ,



TABLE XIV

T reatm ent w ith  D iace ty lam in o -d ip h en y l-su T p h o n e .

(A)j’S tre p to  coccus K ruger P e r io d  I#
Inoculum  in t r a p e r i to n e a l  (1 :1 ,0 0 0  to 1 :3 0 0 ,0 0 0 ): u n tr e a te d

c o n t ro ls  w ith  th e  same inoculum  a l l  d ie d  in  24 h o u rs .
T reatm ent subcu taneous a t  0 , 5 , and 24 h o u rs .

Dosage in  mg. T o ta l C ures. S u rv iv a l tim e
No. o f o f  mice dy ingrto ta l . m ice. from in f e c t io n .

# ,.5 ,0 .3 3 ,0 .3 3 1 .16 3 0 2 -4  d ay s .
0 .6 7 ,0 .4 ,0 .4 1 .47 3 0 3-4 11
1 . 0 , 0 , 67 , 0 .6 7 2 .3 4 11 1 1-8  11
1 , 25 , 0 . 83 , 0 .8 3 2.91 6 3 3-7 "
1 . 67 , 1 . 1 , 1 .1 5.87 8 1 1-13  ”
2 . 5, 1 . 67 , 1 .6 7 5 .8 4 15 6 2-8  "
3 . 3, 2 . 2 , 2 .2 7 .7 11 4 2-9  "
5 .0 ,3 - 3 ,3 - 3 11 .6 6 3 3-8 M
10 , 6 . 7 , 6 .7 2 3 .4 46 33 2-16  11

'j'These r e s u l t s  a re  from e a r l i e r  la b o ra to ry  re c o rd s  -  see p . 8 .

(B) S tre p to c o c c u s  K ruger P e r io d  I I ;
Inoculum  in t r a p e r i to n e a l  (1 :1 ,0 0 0  to  1 :3 0 0 ,0 0 0 ): u n tr e a te d

c o n t r o ls  w ith  th e  same inoculum  a l l  d ied  in  24 h o u rs .
T reatm ent subcu taneous a t  0 , 5 , nnd 24 h o u rs .

Dosage in  mg. T o ta l C ures. S u rv iv a l tim e
No* o f o f  mice dy ing

rto ta l . m ice. from in f e c t io n .

0 .4 1 ,0 .3 3 ,0 .3 3 1 .0 7 4 0 2 -3  d ay s .
0 . 625 , 0 . 5 , 0 .5 1 .625 4 0 2 -3  "
1 . 25 , 0 . 83 , 0 .8 3 2 .91 1 0 2-4  11
1 . 67 , 1 , 1 , 1 .1 3.87 3 1 2-3  M
2 . 5 , 1 . 67 , 1 .6 7 5 .8 4 1 1 —
3 , 3 , 2 . 2 , 2 .2 7 .7 3 1 11
5 . 0 , 3 .3 ,3 .3 11 .6 1 1 —
1 0 , 6 . 7 , 6 .7 2 3 .4 9 4 9-19  "



TABLE XV

P rop hylactic  Treatment w ith  B iacetylam ino-d iphenyl—
sulphone.

“J"S trep tococcus K ruger P e rio d  _I.
Inoculum  in t r a p e r i to n e a l  (1 :2 ,0 0 0  to 1:1Q 9,0Q 0): u n tr e a te d

c o n t ro ls  w ith  th e  same inoculum  a l l  d ie d  in  24 h o u rs .
T reatm ent subcu taneous: a s in g le  dose o f  3 . 4 , Pe r  20g.m ouse.

P e r io d  e la p s in g  between 
tre a tm e n t and in o c u la t io n .

To t a l  
TTo, o f  

mice*

C ures. S u rv iv a l tim e 
o f  mice dy ing  

from in f e c t io n .

5 i  h o u rs . '3 2 5 d ay s ,
4k  " A"T 1
>1 " 0 > 5  "
2 " 3 0 2-5 "
1A f t 4 4 —
1 h o u r. 3 2 4 "

0 h o u rs . 6 4 4- 5̂ "

A ll  r e s u l t s  a re  from e a r l i e r  la b o ra to ry  re c o rd s  -  see  p . 8



TABLE XVI

Treatment with. Monoaoetyl~diamino~dinhenyl^aulohoiie »

■ ^S trep tococcus K ruger P e r io d  I .
Inoculum  in t r a p e r i to n e a l  (1 :1 0 ,0 0 0  to  1 :3 0 0 ,0 0 0 ): u n tr e a te d

c o n t ro ls  w ith  th e  same inoculum  a l l  d ie d  in  24 h o u rs .
T reatm ent subcu taneous a t  0 ,5 an d  24 h o u rs .

Dosage in  mg* T o ta l ' Cures* S u rv iv a l tim e
ho* o f o f  mice dy ing

Tc> ta l . mice* from  in f e c t io n .

0*5 ,0*33 ,0*33 1*16 7s 0 3-4  days.
0 .6 7 ,0 * 4 ,0 .4 1 .4 7 5 0c. 3-5  «
1 . 0 , 0 . 6 7 , 0 . 6 7 2*34 3 0 4 - 6  ”
1 . 1 , 0 . 6 7 , 0 , 6 7 2*44 2 2
1 ,2 5 ,0 .8 2 ,0 .8 3 2*91 6 4 5 "
1 . 6 7 , 1 . 0 , 1 . 0 3*67 3 0 4 "
2 *2 , 1 * 3, 1 ♦ 3 4*8 2 2 «iax
2 *3 , 1 . 6 7 , 1*67 5 .84 3 1 5-6  "
5 .0 ,3 .3 ,3 .3 11*6 6 5 8 "
0 *7 ,4 * 0 ,4 * 0 14*7 9 9

These r e s u l t s  a re  from  e a r l i e r  la b o ra to ry  re c o rd s  -  see p*8 *



TABLE XVII

T reatm ent w ith  Mo no ac e t y l - d i  amino -d io h e n y l- s  uTpho n e . 

S tre p to c o c c u s  K ruger P e r io d  I I .
Inoculum  in t r a p e r i to n e a l  (1 :1 0 0 ,0 0 0 ); u n tr e a te d  c o n tro ls  

w ith  th e  same inoculum  a l l  d ie d  in  24 h o u rs .
T reatm ent subcu taneous a t  0 ,5 * an(  ̂ 24 h o u rs .

Dosage in  iag. T o ta l C ures. S u rv iv a l tim e
do * o f o f  mice dy ing

Tc t a l , mice* from in f e c t io n .

0 .4 2 ,0 .3 5 ,0 .3 3 1 ,08 4 2 2-3  d ays.
0 .6 7 ,0 ,4 ,0 .4 I .47 3 0 J  "
0 .6 2 5 ,0 .5 ,0 .5 1 .625 4 2 3-4  »
1 . 1 , 0 , 67 , 0 .6 7 2 .4 4 9 3 4-10 "
1 , 25 , 1 , 0 , 1 .0 3 ,25 4 3 5- "
1 . 67 , 1 . 0 , 1 ,0 5*67 4 5 5 "
2 .2 ,1 .3 ,1 .3 4 .8 9 5 4—7 «
6 * 7 ,4 ,0 ,4 ,0 14 .7 29 26 > 1 1  "



TABLE XVIII

T reatm ent w ith  Mo no ac e t y l - d i  amino - d i  pheny l-B u lphone. 

S tre p to c o c c u s  K ruger P e r io d  I I I ,
Inoculum  in tr a p e x 'i to n e a l  (1 :100 ,000  to  1 :5 * 0 0 0 ,0 0 0 ): u n tr e a te d

c o n t ro ls  w ith  th e  same inoculum  a l l  d ie d  in  24 hours*
T reatm ent subcu taneous a t  ©,5>&nd 24 hours*

Dosage in  mg. T o ta l Cures* S u rv iv a l tim e
Ho • o f o f  mice dying

TD ta l. m ice. from in f e c t io n .

0 .8 2 ,0 * 5 ,0 * 5 1 .8 5 5 0 2 -4  days*
0 . 83 , 0 . 63 , 0 .6 5 2.09 4 0 4-5 11
1 .0 ,1 .0 ,1 ,0 5.0 9 0 4 it
1 .6 7 ,1 .2 5 ,1 .2 5 4 .17 4 0 5-8 *1/O'.
2 .0 ,1 .4 ,1 .4 4 ,8 6 1 5-12
2 .2 ,1 .3 3 ,1 .3 3
1 .6 7 ,1 .6 7 ,1 .6 7

4 .86 12 0 4-9 If
5 .01 10 0 5-10 II

2 .0 ,2 .0 ,2 .0 6 .0 12 6 5-6 II
2 .2 ,2 .2 ,2 .2 6 .6 29 9 4-10 II
3 .3 ,2 .0 ,2 .0 7 .3 26 2 5-22 It
2 , 5 , 2 .5 ,2 .5 7 .5 8 1 5-15 It
3 . 3, 2 , 2 , 2 .2 7-7 19 1 2-11 II
3 .3 ,2 .5 ,2 .5 8 .3 4 1 5-10 II
2 .9 , 2 . 9 , 2 .9 8 .7 8 3 6-15 It
3 - 3 ,3 .3 ,3 - 3 9 .9 10 4 5-14 II
5 .0 ,2 .9 ,2 .9 10 .8 13 2 3-13 II
4 . 7 , 3 .2 ,3 .2 11 .1 9 2 5-10 tl
5 . 0 , 3 . 3 , 3 .3 11.6 18 9 5-16 II
7 . 1 , 2 . 5 , 2 .5 12 .1 10 2 3-19 II
5 . 7 , 3 - 3 , 3 .3 1 2 .3 6 , 0 10-18 ft
6 , 7 , 4 .0 ,4 .0 14 .7 121 41 4-18

© A lso  one l a t e  d ea th  a t  48 days.
'X 'A l s o  l a t e  d e a th s  a t  21, 25* 26, 26, 53* 89 days#



TABLE XIX

T reatm ent w ith  Mono ace ty l-d ia m in o -d ip h e n y l-su lp h o n e  ♦ 

S tre p to c o c c u s  K ruger P e r io d  IV ,
Inoculum  in t r a p e r i to n e a l  (1 :1 0 0 ,0 0 0 ): u n tr e a te d  c o n t ro ls

w ith  th e  same inoculum  a l l  d ie d  in  24 h o u rs .
T reatm ent subcu taneous a t  0 ,5 ,  and 24 h o u rs .

Dosage in  mg. T o ta l C ures. S u rv iv a l tim e
h o , o f o f  mice dy ing

Tc) t a l . m ice. from in f e c t io n .

1 , 6 7 , 1 . 6 7 , 1*67 5.01 5 1 5-6 d ay s .
2 , 2 , 2 , 2 , 2 . 2 6 .6 9 4 1-6 ”
2 .5 ,2 ,5 ,2 .5 7 .5 5 1 5-14 "
6 , 7 , 4 .0 ,4 .0 14 .7 57 18 1-16
5 .0 ,5 .0 ,5 .0 15 .0 20 9 1—12 "<S>

•^•Also one l a t e  d ea th  a t  29 days* 
® A lso  one l a t e  d e a th  a t  21 days.



TABLE XX

Treatment w ith  a S in g le  Bose o f  M onoacetyl—diamino—diphenyl—

sulphone,

(A) S tre p to c o c c u s  K ruger P e r io d  I I .
Inoculum  in t r a p e r i t o n e a l  (1 :5 0 ,0 0 0  to 1 :3 ,0 0 0 ,0 0 0 ) :

u n tr e a te d  c o n t ro ls  w ith  th e  same inoculum  a l l  d ied  
i n  24 h o u rs .

T reatm ent subcu taneous a t  tim e o f  in o c u la t io n .

Bose in  mg. T o ta l 
Bo, o f  

m ice.

C ures. S u rv iv a l tim e o f  mice 
dy ing  from  in f e c t io n .

2 .3 4 1 3-4 d ay s .
5 .0 4 2 7-17 "
s . 7 19 16 8-13  "

1 0 .0 4 2 5-11 11
1 4 .3 , 6 6 —

(B) S tre p to c o c c u s  K ruger P e r io d  I I I .
Inoculum  i n t r a p e r i t o n e a l  (1 :5 0 ,0 0 0  to  1 :3 * 0 0 0 ,0 0 0 ):

u n t r e a te d  c o n t ro ls  w ith  th e  same inoculum  a l l  d ied  
in  24 hours*

T reatm ent subcu taneous a t  tim e o f  in o c u la t io n s

Bose in  mg. T o ta l 
Bo. o f  

m ice.

C ures. S u rv iv a l tim e o f  mice 
dy ing  from  in f e c t io n .

1 .6 7 4 0 2 -4  d ay s .
1 .8 5 0 2-3  ”
2 .0 4 0 3-4  11
•2 .2 4 0 • 3-5  "
3 .3 4 0 4-7 "
3 .6 5 0 3-4 11
4 .1 5 4 0 2-7 11
6 .7 4 0 3-10 11
7 .1 5 0 3-5 "
8 .3 4 0 2-12  "

1 1 .0 6 1 5-8 "
1 2 .5 21 11 8-15 "
1 4 .3 35 7 3-15  11



TABLB XXI

Delayed and P rop h ylactic  Treatment w ith  a S in g le  Dose o f
Mono ac e t y l - d i  amino-dipheny l - s ulphone.

S tre p to c o c c u s  K ruger P e r io d  I I .
Inoculum  i n t r a p e r i t o n e a l  (1 :5 0 ,0 0 0  to  1 :1 ,0 0 0 ,0 0 0 ) : u n tr e a te d

c o n t r o ls  w ith  th e  same inoculum  a l l  d ie d  in  24 h o u rs .
T reatm ent su b cu tan eo u s.

(A) D elayed tre a tm e n t w ith  a s in g le  dose o f  6.7mg.

Ho* o f  
exp erim en t

Timing o f  
, t r e a tm e n t .

T o ta l 
No, o f  

m ice.

C ures. S u rv iv a l tim e 
o f  mice dy ing  

from  in fec tio n * .

1 0 h o u rs . 1 6 14 8-13 d ay s .
1* it 1 6 12 9-12 n
6 » 16 2 5-20 tt

2 p fi 12 11 12 ti
o f! 10 4 8-17 it

3 3 tl 13 2 3-11 n

4 2 tt 12 11 8 tt
6 it 12 6 7-14 ti

T o ta ls . 0 h o u rs . 1 6 14 8-13 it
l — tt 16 12 9-12 ti
2 if 24 22 8-12 tt
3 it 13 2 3-11 ii
6 ii 38 12 5-20 ti

(B) P ro p h y la c tic  tre a tm e n t w ith  a s in g le  dose .

No. o f  
ex p erim en t ̂

Timing o f  
tre a tm e n t N 

b e fo re  in o c u la t io n

t o t a l  
0 , o f

m ice.

C ures, S u rv iv a l tim e 
o f  mice dy ing  

frogi in f e c t io n .

1 14. J m g ,  a t  54' &rs* 3 2 1 day.
„ g  t, 3 3 —

ti 2 n 3 3 —
tt i  *i 3 2 1 day.
" 0  H 3 3 —

2 14.3Hig* a t  44 h r s . 4 4 -
It 1 JL tl 4 4 —
«  0 11 3 3 —

3 6,7m g. a t  10 days . 4 0 2-3  d ay s .
ft Cj « 4 0 3-5  *
tl 2 ,f 4 1 5-6 "
M 0 h r s . 4 3 7 "



TABLE XXII

Treatment w ith  M onoacetyl-diam ino— diphenyl—sulnhone.

P ro p h y la x is  o f  r e la p s e s  -  th e  e f f e c t  o f  an a d d i t io n a l  dose
a f t e r  4 o r  5 hays.

S tre p to c o c c u s  K ruger P e r io d  I I I ,
Inoculum  in t r a p e r i t o n e a l  (1 :1 0 0 ,0 0 0 ): u n tr e a te d  c o n t ro ls

w ith  th e  same inoculum  a l l  d ie d  in  24 h o u rs .
T reatm ent subcu taneous a t  0 , 5,&nd 24 h o u rs , and th en  a t  

3, 4 , o r  5 d ays.

P rim ary  dc
i n  mg,

>sage
f

T o ta l,

A d d itio n a l dose . T o ta l 
Jo. o f  
m ice.

C ures. Time o f  
s u rv iv a l  
o f  mice 
dy ing  from 
in f e c t io n .

2 ,2 ,2 .2 ,2 .2 6 .6 0 33 13 4-10 d ays.
2,2mg. a t 3 days . 6 1 2-8 «  J

2,5mg. ti 3 tl 12 7 6-11 II
2 . 5mg, tt 4 tt 12 3 11-20 II
2 ,5 mg, ti 5 tt 12 3 6-14

* 5,0mg, tt 5 II 6 3 11 It
o,7mg. tt 5 It 6 6 —

2 .9 ,2 ,9 ,2 .9 8 .7 0 6 2 6-13 tt
5.0mg, a t 5 days 6 3 11 It

5 . 3 , 3 . 3 , 5 0 9 .9 0 6 4 5-14 tl
, 6,7m g, a t 5 days . 4 3 3 II

5 .0 ,3 .3 ,3 - 3 11 .6 0 6 5 10 tt
5«0mg. a t 3 days • 9 9 —
5.0mg, it 5 tt 6 1 6—18

6 .7 ,4 .0 ,4 .0 1 4 .7 0 6 4 11-12 tt
6,7m g, a t 5 days . .3 3 fM*

'j'Inocu lum  -  S tre p to c o c c u s  K ruger P e r io d  IV . 
@  A lso one l a t e  d e a th  a t  J8  d ay s ,
•^•Also one l a t e  d e a th  a t  40 d ay s .



TABLE XXIII

Treatment with Monoacetyl-diamino-diphenyl-sulphone.

(A) ^ S tre p to c o c c u s  A ronson.
Inoculum  in t r a p e r i t o n e a l  (1 :1 0 0 ,0 0 0  to  1 :1 ,0 0 0 ,0 0 0 ) :

u n tr e a te d  c o n t ro ls  w ith  th e  same inoculum  a i l  d ie d  
i n  24 h o u rs .

T reatm ent su b cu tan eo u s.

Dosage in mg.

To t a l .

Timing o f  
dosage in  

h o u rs .

T o ta l 
Ho* o f  

m i c e .

Cures, S u rv iv a l tim e 
o f  mice dy ing  
from in f e c t io n .

1 *17 , 1 *0 , 1*0 3-17 0 ,5 ,2 4 6 0 4—6 d ays.
7 .1 5 7 .1 5 0 3 0 5-8 "
3 ,3 ,2 .0 ,2 * 0 7 .3 0 ,5 ,2 4 5 0 6-15  "
1 4 .5 1 4 .3 0 2 0 10-13  11
6,7*4*0^4*0 14 .7 0 ,5 ,2 4 8 3 6-18 f?

T h e s e  r e s u l t s  a r e  f r o m  e a r l i e r  l a b o r a t o r y  r e c o r d s  -  s e e  p . 8  

(B) S tre p  to  coccus Thomson.
Inoculum  in t r a p e r i to n e a l  (1 :1 0 0 , to 1 :1 ,0 0 0 ) :  u n tr e a te d

c o n t ro ls  w ith  th e  same inoculum  a l l  d ie d  in  24 hours*
T r e a t m e n t  s u b c u t a n e o u s .

Dosage in mg.

T o ta l .

Timing o f  
dosage in  

h o u rs .

T o ta l 
Ho* o f  

m ice.

Cures S u rv iv a l tim e 
o f  mice dy ing  
from in f e c t io n .

6 * 7 , 4 * 0 , 4 • 0 14*7 0 ,5 ,2 4 77 26 2-20 days*



TABLE XXIV

Treatment w ith  M onoacetyl-diam ino-diphenyl-sul-phone.

The e f f e c t  o f  p -am inobenzo ic a c id .  

S tre p to c o c c u s  K ruger P e r io d  I I I .
Inoculum  in t r a p e r i to n e a l  (1 :1 0 0 ,0 0 0 ): u n tr e a te d  c o n tro ls

w ith  th e  same inoculum  a l l  d ie d  in  24 hours*
T reatm ent subcu taneous a t  0 , 5> and 24 hours*
p-Am inobenzoic a c i d : -  1 :50  su sp e n s io n , l c c .  p e r  2bg. body- 

w eig h t 2 o r  3 tim es d a i ly .
Combined r e s u l t s  o f  4 ex p e rim en ts .

Bo sage in mg.

T o ta l .

D u ra tio n  o f  
fe e d in g  w ith  
r e l a t i o n  to  
in o c u la t io n .

T o ta l 
Do* o f  

m ice.

C ures. Time o f  
s u rv iv a l  
o f  mice 
dy ing  from 
in f e c t io n .

6 * 7 , 4 * 0 ,  4 . 0 1 4 .7 Proi^i 1 day b e fo re . 
11 2 days a f t e r .
It tl II 

11 ^  II II

10"

5
>31

§ ‘

1 -4  d ay s .
3-6 11
4-7  "
5-7  "

C o n tro ls . 19 7 5-16  ”

5 .0 ,3 .3 ,3 .3 1 1 ,6 Prom 1 day b e fo re . 11 0 1 -3  "
C o n tro ls . 18 9 5-16 "

3 ,3 ,2 .0 ,2 * 0 7 0 Prom 1 day b e fo re . 4 0 1-2  "
C o n tro ls . 6 1 3-5  "

2 * 2 ,2 * 2 ,2 .2 6 .6 Prom 4 days a f t e r .  
ii £  n  ii

5
5

1
3

5 "
7 "

C o n tro ls . 6 4 4-10 "



TABLE XXV

P u b lish e d  B e s u its  f o r  th e  T reatm ent o f  H aem olytic 

S tre p to c o c c a l I n f e c t io n s  w ith  S u lp h an ilam id e .

Mice t r e a t e d  p e r  o s .

A u tho r. T o ta l 
d rug  

in  mg.

D u ra tio n  o f  
tr e a tm e n t , 

( in  days)

S u rv iv o rs .
*

D u ra tio n  o f  
o b s e rv a t io n .

T re fo u e l (112) 3*75 2 50 10 d ay s .
B u t t le  (1 6 ) 430 15 100 3 weeks.
N i t t i  (89) 5 2 0 —
W hitby (113) 200 10 38 10 d ays.
B a iz is s  (93) 50 5 67 5 weeks.
M ellon ( 76 ) 250 10 50 23 d ay s .

81 .23 1 0 ' 100 30 d a y s .
B a iz i s s  (95) 30 5 60 28 d ay s .

(94) 30 5 67 28 days.
Fe in s to n e  (26) 180 7 94 30 d ay s .

Mice t r e a t e d  su b c u tan e o u s ly .

A u tho r. T o ta l 
d rug  

in  mg.

D ura tion  o f  
t r e a tm e n t . 

( in  days)

S u rv iv o rs .
7°

D u ra tio n  o f  
o b s e rv a t io n s .

G olebrook (21) 63 6 100 5 w eeks.
B a iz i s s  (93) 50 5 86 3-10 w eeks.

30 3 100 10 w eeks.
Bo s e n th a l  (100 10

( o i l )
4 80 —

B a iz is s  (94) 50 5 64 28 d ays.
Fe in s to n e  (26) 18 3 29 14 d ays.



TABLE X£VT

P u b lish e d  lie s u i t s  f o r  th e  T reatm ent o f  Haemo l y t i c  
S tre p to c o c c a l I n f e c t io n s  w ith  th e  S u lphones.

4 : 4 1 ~ d iam in o -d ip h e n y l-su l phone . 
T reatm ent p e r  o s .

A u th o r. T o ta l 
drug  
in  mg,

D u ra tio n  o f  
tre a tm e n t 

in  d ays.

S u rv iv o rs .
*

D u ra tio n  o f  
O b se rv a tio n .

B a iz is s  (95) 2 .5 5 662J 28 d ay s .
5 .0 5 66 / 28 11

1 0 .0 5 80 ro 00

P e in s to n e  (26] 5.75 5 94 14 , "
15-5 7 96 50 11

4 : 4 tV d ia ce ty lam in o ~ d ip h en y l-su lp h o n e .
T reatm ent p e r O B .

A u th o r. T o ta l
drug  
in  mg.

D u ra tio n  o f  
tre a tm e n t 

in  d ays.

S u rv iv o rs .
f°

D u ra tio n  o f  
O b se rv a tio n .

B a iz is s  (95) 5 .0 5 55 28 d ay s .
1 0 .0 5 60

00CM

2-5.0 5 80

00CM

Pe in s  to n e  (26] 15 .0 5 57 .5 14 "
90 .0 7 72 JO "



TABLE XXVII

Comparison off th e  lie s u i t s  off T reatm ent off S trep  to  co cous K ruger a t  D if f e r e n t  P eriods*  

Inoculum  in t r a p e r i to n e a l  (1 :10  to  1 :3 .00 ,000): u n tr e a te d  c o n t r o l s  w ith  th e  same inoculum  a l l  d ied  in  24 h o u rs .
T reatm ent subcu taneous a t  0 , 5, and 24 h o u rs .

Drug and dosage. P e r io d  I

N o n -cap su la ted . 
c u r e s / t o t a l

P e rio d  I I  
(D erived  from I )

C ap su la ted .
c u r e s / t o t a l

P e r io d  I I I  
(D erived  from I I )

C ap su la ted .
c u r e s / t o t a l

P e r io d  IV.  
(D erived  from I I )

C ap su la ted .
c u r e s / t o t a l

P e rio d  V 
(D erived  from  I )
N o n -c ap su la te d • ,;s

c u r e s / t o t a l

S u lp h an ilam id e . 
1 0 , 6 . 7 . 6 . 7ms. 

(2 3 ,4m g .)

7 0 /1 1 2  (65/ )

( 3-4  days)

,1 /12 ___Q/L2 i / a 3 1 /4 7  (66fo)

( 2 - 7  d a y s ) t( 2 -3  days)
2/32  (6  / )

( 2 - 4  days) ( 2 -3  days)

Diamino -d ip h e n y l-  
su lfh o n e . 

3 . 3, 2 . 5 , 2 . 5ms.
(8 . 5m g.)

4 /8  (5 0 /)  

( 3-5  days)
0 /3

( 4 - 3  days)

mmm 29/35 ( 8 3 /0  

( 1 - 7  days)

D iace ty lam in o -  
d ip h e n y l-su lp h o n e .
10 , 6 . 7 , 6 . 7ms. 

(25 .4 m g ,)

33/46 (7 2 /)  

(2 —16 days)

4 /9

( 9-19  days)

— — 26/31 (8 4 /)  

(5 -9  days)

Mo no ace ty  1-diam ino -  
d ip h e n y l-su lp h o n e . 
6 * 7 ,4 .0 ,4 .0 m g . 

(14*7mg.)

9 /9  (100/,) 2 6 /2 9  (9 0 /)  

( > -1 1  days) 5 9 / l>  
(4—18 days) 

&

1.8/3Z (4  9fo) 
O lfo )

( 2 - 1 6  days)

37/41 (9 0 /)

( 2 -1 3  days)

The number o f  days g iven  in  b ra c k e ts  in d ic a te s  th e  tim e o f  s u r v iv a l  o f  t r e a t e d  an im als  dy ing  from th e  in fe c tio n *

fA ls o  l a t e  d e a th s  a t  44 and 62 days*
'&Also l a t e  d e a th s  a t  21 , 23, 26, 26 , 35> 89 d ay s . 
O A lo o  one l a t e  d ea th  a t  30 d ay s .



TABLE XXVIII

Course o f  I n f e c t io n  fo llo w in g  T reatm ent w ith  S u lp h an ilam id e .

Inoculum  in t r a p e r i to n e a l  w ith  d i lu t io n s  o f  c u l tu r e  shown: 
u n t r e a te d  c o n tro ls  w ith  th e  same inoculum  a l l  d ied  in  
24 h o u r s .

T reatm ent subcu taneous -  10,6*7,6*7m g. a t  0 , 5 ,  and 24 hours*

C la s s i f ic a t io n * S tre p to c o c cu s
K ruger,

S tre p  to  co ecus 
Thomson.

T o ta l .

1 :100 ,000 1:100 1 :1 ,0 0 0

Cures* A 1 - 1

— 4 8 12
F a i lu r e s ’

B 2 — 2

15

A -  O rganism s n ev e r found in  th e  blood*

D = Blood n ev e r f r e e  from organism s*

E -  O rganism s ap p eared  and g ra d u a lly  in c re a s e d  in  th e  b lood  
b e fo re  d e a th .



TABLE XXIX

Course o f  I n f e c t io n  fo llo w in g  T reatm ent w ith  Mono a c e ty l
su lp h o n e .

Inoculum  in t r a p e r i to n e a l  w ith  d i lu t io n s  o f  c u l tu r e  a s  shown: 
u n tr e a te d  c o n tro ls  w ith  th e  same inoculum  a l l  d ie d  in  
24 h o u rs ,

'^ 'T reatm ent subcu taneous a t  0 , 5, and 24 h o u rs .

C la s s i f i c a t io n , S tre p to co c c u s
K ruger.

S tre p to co c cu s
Thomson.

‘J o t a l .

1 :100,000 1:100 1 :1 ,000

'A 1 - 10 11

C ures. 1B 2 - 9 11

lc - — 7 7

D 3 4 10 17

F a i lu r e  s-s fe 13 - 20 33

? 3 2 7

15  f u r th e r  an im als d ie d  from cau ses  o th e r  
th a n  s t r e p to c o c c a l  s e p tic a e m ia .

88

A - O rganism s n e v e r  found in  th e  b lo o d ,

B * Few organ ism s p r e s e n t  a t  some s ta g e .

C - Abundant o rgan ism s a t  some s ta g e .

D = Blood n ev e r f r e e  from o rg an ism s.

E = O rganism s appeared  and g ra d u a lly  in c re a s e d  in  th e  b lood  
b e fo re  d e a th ,

F = Blood n e g a tiv e  up to  day o f  d e a th .

Sfrln treatm ent o f  S treptococcus Kruger: 2.5>2*3>2*3*ag* (7«3*ag.)
or  1 . 6 7 , l . 6 7 , 1 . 6 7 m g . ( 5 . e i m g )

l a  tr e a tm e n t o f  S tre p to co c cu s  Thomson: 6 . 7 , 4 .0 ,4 .0m g.(14«7m g.)



TABLE XXX

Antibacterial Action of Sulphanilamide and Acriflavine.

Inoculum : S tre p to co c cu s  K ruger P e r io d  IV, 24-hour c u l tu re
in  b ro th , O .lc c . to  l .O c c , o f  medium.

(1) In  b ro th .

D i lu t io n  o f  
c u l tu r e  f o r  

inoculum .

Sul]

l : 1 0 5

phan ilt

1 :1 0 4

amide.

1 :1 0 ^

Acri

l :5 * 1 0 6

L flav ii

1 :1 0 6

ie .

1 :5*105

C o n tro ls .

1 :1 4" 4- 4" + + in h . 4-

1 :100 4r -v- 4" o r
in h .

— 4-

1 :1 0 ,0 0 0 + 4-
+•o r

in k ,

-+-o r
in h . — — 4*

(2 ) In  sheep serum (p re v io u s ly  h e a te d  a t  J6°C  f o r  JO 
m in u tes  and s to re d  f ro z e n .)

D ilu tio n  o f 
c u ltu re  fo r  

inoculum.

Sul]
51:10

phanili

1 :104

amide.

l : l ( P

Acri.

l:5*106

flav in i

1:10°

3.

l :5 x l0 5

C ontrols.

1:1 + 4-
4"
o r

in h .
-4- ■+■ 4- 4-

1:100
+* 4-or

inh .
inh . + 4-

4-or
inh . 4-

1:10,000 4~ inh . — + 4- - 4-

B a c te r ic id a l  e f f e c t s  were re a d  a t  th e  end o f  48 h o u rs  a t  J7°0*
In  b ro th  absence o f  grow th in  su b c u ltu re  co rresponded  

w ith  th e  medium rem ain in g  c l e a r ;  i n  serum s t e r i l i t y  was 
judged  by s u b c u ltu re  only> a s  th e  medium n ev e r became tu rD id  
from  grow th o f  th e  o rg an ism s.

-V* tr grow th o f  o rgan ism s on s u b c u ltu re  eq u a l to  t h a t  from c o n tro l
inh. ■= »» ti « »» »• much l e s s  th a n  t h a t

(in̂ »b»tton) from  c o n t r o l .
— = n o  grow th o f  o rgan ism s on s u b c u ltu re .
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f  ŵ j *Zr /  4)

<£*&£■
■ & ? • j£r

Y^ L- i^^fL /^  j  <jf _ >̂4̂  £**/"«jj< ^  e/yCî -f̂ fc
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