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group  I I  a n d  24% in  g roup  I I I  s u r v i v e d  in t he  f i rs t  
e x p e r i m e n t  a g a i n s t  3% for g roup  I I  a n d  22% in  g roup  I I I  
in  t he  second  e x p e r i m e n t .  

Discussion. C o m p a r i n g  t h e  su rv iva l  % b e t w e e n  t he  
con t ro l  a n d  2 e x p e r i m e n t a l  g roups  in b o t h  T a b l e  I a n d  
T a b l e  I I  one  no t e s  t h a t  m a g n e s i u m  pemol ine  n o t  on ly  
slows d o w n  t h e  m o r t a l i t y  in  t h e  e x p e r i m e n t a l  g roups  b u t  
also p ro longs  t h e  s u r v i v a l  of t h e  t u m o r  mice  in j ec t ed  w i t h  
t h i s  d r u g  e i t h e r  w i t h  or  w i t h o u t  t h e  a d d i t i o n a l  ef fec t  of 
r ad i a t i on .  T h e  a d d i t i o n a l  d a m a g e  caused  b y  r a d i a t i o n  was  
c lear ly  no t i ced  in  t h e  m o r t a l i t y  of t h e  con t ro l  g roups  in 
b o t h  e x p e r i m e n t s .  T h e  life s p a n  of t he  con t ro l  t u m o r  mice  
s h o w n  in T a b l e  I I  was  s h o r t e n e d  a b o u t  1 week.  Again ,  t h e  
d a t a  s h o w n  in T a b l e  I I  for g roup  I I  a n d  g roup  I I I  con f i rm  
once  more  t h a t  s h o r t - t e r m  p r o t e c t i o n  of m a g n e s i u m  
pemol ine  a g a i n s t  r a d i a t i o n  was i n d e p e n d e n t  of t h e  d r u g  
dose;  b u t  for  l o n g - t e r m  p ro tec t ion ,  t he  effect  was  more  
p r o n o u n c e d  w i t h  h ighe r  d rug  dose. U n t i l  we h a v e  t h e  
f ina l  r e p o r t  f r om our  cy to logica l  s tud ies  on  t h e  t u m o r  
t a k e n  f rom these  2 expe r imen t s ,  i t  is too  ear ly  to  specu la te  
a b o u t  e i t he r  t he  t u m o r s t a t i c  or  t u m o r i c i d a l  effect  of 

m a g n e s i u m  pemol ine .  T h e  resu l t s  s h o w n  above ,  however ,  
s t r ong ly  i n d i c a t e d  a n o t h e r  i m p o r t a n t  a n d  i n t e r e s t i n g  
p r o p e r t y  of th i s  d rug  5. 

Zusammen/assung. M a g n e s i u m  Pemol in ,  ein zen t r a l -  
ne rv6ses  Reiz-  u n d  gu tes  S c h u t z m i t t e l  gegen  R a d i u m -  
b e s t r a h l u n g ,  ve r lXnger t  die L e b e n s d a u e r  y o n  E h r l i c h -  
Asc i t es -Tumor-M/ iusen ,  u n d  zwar  m i t  ode r  o h n e  zusAtz- 
l ichen  Einf luss  e ther  Dosis  n i c h t t 6 d l i c h e r  ]3es t r ah lung  
(500 R).  
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The  Inf luence of Bordetella pertussis on the  Kinet ics  of Ant ibody  Product ion  to Sheep  Red B lood  Cells  
in N M R I  Mice 

T h e  a d j u v a n t  a c t i v i t y  of Bordetella pertussis has  b e e n  
desc r ibed  r e p e a t e d l y  x-5, b u t  t h e  m o d e  of a c t i o n  of t he se  
b a c t e r i a  a n d  al l  o t h e r  t y p e s  of i m m u n o l o g i c a l  a d j u v a n t s  
is s t i l l  u n k n o w n .  I n  p r ev ious  s tud ies  a s ign i f i can t  en-  
l a r g e m e n t  of t h e  sp leens  of p e r t u s s i s - t r e a t e d  mice  was  
foundn,L Th i s  was  caused  b y  a n  increase  in t i ssue  sub-  
s t a n c e  a n d  c h a r a c t e r i z e d  b y  a m u l t i p l i c a t i o n  of t he  n u m b e r  
of cells up  to  a b o u t  100% a n d  a n  increased  p r o t e i n  syn-  
thes is  of t h e  i n d i v i d u a l  cell. F u r t h e r m o r e  t he  a d d i t i o n a l  
i n j e c t i o n  of pe r tuss i s  o rgan i sms  (PO) i n t o  N M R I  mice  
i m m u n i z e d  w i t h  sheep  red  b lood  cells (SRBC) r e su l t ed  in 
a n  acce le ra ted ,  inc reased  a n d  p ro longed  f o r m a t i o n  of ~M 
a n t i b o d y  p r o d u c i n g  spleen cells s. T h u s  i t  was  of i n t e r e s t  
to  f ind  o u t  w h e t h e r  t h e  i n j ec t i on  of P O  also leads  to  a n  
increased  f o r m a t i o n  of 7 S a n t i b o d y  p r o d u c i n g  spleen cells 
a n d  7 S s e r u m  an t ibod ies .  

~Iethod. N M R I  male  mice  (20-25 g) were i.p. i m m u n i z e d  
w i t h  4 × 108 SRBC.  A second  g roup  of mice  was  g iven  
s i m u l t a n e o u s l y  w i t h  t he  S R B C  a n  i.p. i n j ec t ion  of 
2 × 109 P O  (phase  I, hea t -k i l l ed  a n d  n o t  absorbed) .  A t  
d i f fe ren t  i n t e r v a l s  a f t e r  i m m u n i z a t i o n  4 mice  of e ach  
g roup  were  killed, t h e i r  spleens  r e m o v e d  a sep t i ca l ly  a n d  
t h e i r  se ra  collected.  F o r  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  
of p l a q u e - f o r m i n g  spleen cells t h e  d i r ec t  ~,1° a n d  in-  
d i r e c t n ,  I2 ' local ized hemolys i s  in  gel '  a s say  (LHG)  were  
e m p l o y e d  us ing  Oxoid  aga r  No. 3 a n d  d i e t h y l a m i n o e t h y l -  
d e x t r a n  ( D E A E - d e x t r a n )  as  desc r ibed  *. T h e  r a b b i t  a n t i -  
mouse  i m m u n o g l o b u l i n  a n t i s e r u m  was  p r e p a r e d  b y  im-  
m u n i z i n g  r a b b i t s  w i t h  a m o u s e  7 S - se rum g lobul in  ob-  
t a i n e d  b y  e lu t ion  of N M R I  mouse  s e r u m  f rom a S e p h a d e x  
200 c o l u m n  w i t h  0.15 AI p h o s p h a t e - b u f f e r e d  NaC1, p H  7.2. 
I t s  o p t i m a l  c o n c e n t r a t i o n  was  f o u n d  a t  a 1 :200  d i lu t ion .  
S e r u m  h e m o l y s i n  a c t i v i t y  was d e t e r m i n e d  s p e c t r o p h o t o -  
me t r i ca l l y  a t  530 n m  accord ing  to t he  50% hemolys i s  
m e t h o d  13 on  se rum samples  pooled  f rom 4 iden t i ca l ly  
t r e a t e d  mice.  H e m o l y s i n  c o n c e n t r a t i o n  is g iven  in 50% 
hemolys i s  un i t s  ( H U ) / m l  of serum.  The  lowes t  va lue  
d e t e r m i n e d  was 10 H U ,  because  dub ious  resu l t s  were 
o b t a i n e d  if t h e  7 S h e m o l y s i n  t i t e r  was  be low 10 HU*4. I n  
a d d i t i o n  h e m a g g l u t i n a t i o n  t e s t s  were  pe r fo rmed .  Conco- 

m i t a n t l y  those  f r ac t ions  of t h e  t o t a l  h e m o l y s i n  and 
agglutinin activity resistant to treatment with 0.I~I 
2-mercaptoethanol (2-ME) were determined. According 
to DEUTSCH and MORTON i~ it is justified to assume that 
antibodies resistant to 2-ME are 7 S antibodies. 

Results. In pertussis-treated mice increased spleen in- 
dices (rag wet spleen weight/g body weight) up to about 
120% were demonstrable between the third and fourteenth 
day after immunization. As can be seen from Figures 
I and 2 the formation of direct plaque-forming cells (PFC) 
apparentJy producing 19S antibodies and the formation 
of developed PFC apparently producing 7 S antibodies 
are increased and prolonged in pertussis-treated mice. 
Taking into consideration that the elevation of the spleen 
weights demonstrated 7 and i0 days after the immuniza- 
tion of mice with bovine serum albumin and PO was 
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caused  in p a r t  b y  a d o u b l i n g  of t h e  cell n u m b e r  ~,~, one 
can  a s sume  a h i g h e r  va lue  of t h e  t o t a l  n u m b e r  of 7 S 
a n t i b o d y  p r o d u c i n g  spleen cells. 

I n  t h e  sera  of mice  i m m u n i z e d  w i t h  S R B C  only,  a close 
pos i t i ve  co r r e l a t i on  was  f o u n d  b e t w e e n  t h e  n u m b e r s  of 
d i r ec t  P F C  a n d  s e r u m  h e m o l y s i n  ac t iv i ty .  T h r e e  d a y s  
a f t e r  i m m u n i z a t i o n  no  h e m o l y s i n s  could  be  de tec ted ,  b u t  
2 d a y s  l a t e r  a p e a k  was  r e a c h e d  w i t h  a v a l u e  of 427 H U ,  
fol lowed b y  a r a p i d  decl ine.  S e r u m  h e m o l y s i n s  were  al- 
r e a d y  a b s e n t  17 d a y s  a f t e r  i m m u n i z a t i o n .  Th i s  obse rva -  
t ion  a n d  t h e  r a p i d  decl ine  of t h e  n u m b e r s  of d i r ec t  P F C  
i n d i c a t e  a v e r y  s h o r t  half- l i fe  for th i s  ea r ly  s e r u m  hemoly -  
s in as  p r ev ious ly  d e m o n s t r a t e d  b y  some authors~°,za,z% 
These  h e m o l y s i n s  were  sens i t ive  to  2-ME. I n  t h e  sera  of 
mice  a d d i t i o n a l l y  t r e a t e d  w i t h  P O  m i n i m a l  h e m o l y t i c  
a c t i v i t y  was f o u n d  a l r eady  3 days  a f t e r  b e g i n n i n g  t h e  
i m m u n i z a t i o n  (14 H U )  a n d  t h e  p e a k  was r eached  2 days  
la ter .  T h e r e a f t e r  t h e  decl ine  was de layed  a n d  42 days  
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Fig. 1. The influence of B. pertussis (PO) on the production of direct 
plaque-forming spleen cells (PFC)/10 ~ spleen cells in mice immunized 
with sheep red blood cells (SRBC). The numbers at each point of the 
curves represent the standard deviations of the mean values. 
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Fig. 2. The influence of B. pertussis (PO) on the production of 
developed plaque-forming spleen cells (PFC)/10 e spleen cells in mice 
immunized with sheep red blood cells (SRBC). The numbers at each 
point of the curves represent the standard deviations of the mean 
values. The quantitative evaluation of the developed plaques has 
been described in detail elsewhere 21. 

a f t e r  i m m u n i z a t i o n  125 H U  were still  d e m o n s t r a b l e .  These  
h e m o l y s i n s  were r e s i s t a n t  to  2-Mb:. T h e  f i rs t  d e v e l o p m e n t  
of 7 S h e m o l y s i n s  was n o t e d  on t h e  f i f th  d ay  a f t e r  s t a r t i n g  
t h e  i m m u n i z a t i o n  (15 H U  = 5.3% of t h e  t o t a l  h e m o l y t i c  
a c t i v i t y  found) ,  inc reas ing  r ap id ly  t h e r e a f t e r  w i t h i n  a few 
days .  Af t e r  t h e  f o u r t e e n t h  d ay  t h e  m a j o r i t y  of t h e  h e m o -  
lys ins  d e m o n s t r a t e d  was r e s i s t a n t  to  2-ME. Th i s  i nd ica t e s  
t h a t  mouse  vG-g lobu l ins  do  n o t  lose t h e i r  c o m p l e m e n t -  
f ix ing  capacity- a f t e r  t h e  t r e a t m e n t  w i t h  2-ME as f o u n d  for  
h u m a n  7G-globul ins  ~v. T h e  d e m o n s t r a t i o n  of 7G-hemoly -  
s ins  in  p e r t u s s i s - t r e a t e d  mice seems to be  t h e  express ion  
of a q u a n t i t a t i v e l y  e n h a n c e d  7 S - h e m o l y s i n  p r o d u c t i o n  
p r o v o k e d  b y  PO. HEGE a n d  COLE 14 also found  smal l  
q u a n t i t i e s  of 7 S -hemolys ins  in t h e  se ra  of mice i m m u n i z e d  
w i t h  SRBC.  Since t h e  half-l ife of 7G-g lobu l ins  was found  
to be  severa l  t imes  longer  t h a n  t h a t  of 7M-globul ins  z8-20, 
i t  c an  be  a s s u m e d  t h a t  7 S p e a k  t i t e r s  are  r e ach ed  l a t e r  
in t ime  t h a n  t h e  7M-hemolys ins  re la t ive  to  t h e  co r respond-  
ing t imes  of m a x i m u m  va lues  of a n t i b o d y  p r o d u c i n g  
spleen cells. Fo r  t h e  co r rec tness  of th i s  hypo thes i s ,  how- 
ever,  no  e x p e r i m e n t a l  ev idence  was o b t a i n e d  due  to  t h e  
m i n i m a l  lyt ic  a c t i v i t y  of 7G-hemolys ins .  

Qui te  d i f fe rent  k ine t ics  were  f o u n d  w i t h  r ega rd  to  t h e  
p r o d u c t i o n  of agglut in ins ,  because  in b o t h  g roups  of mice  
t h e  p e a k  va lue  of c i rcu la t ing  ag g l u t i n i n s  was  r each ed  
10 days  a f t e r  i m m u n i z a t i o n  a t  t h e  ear l ies t  f o rmi n g  a 
p l a t e a u  t he rea f t e r .  Cons ider ing  the  agg lu t in in  t i t e r s  de te r -  
m i n e d  in  t h e  s e r u m  samples  of b o t h  g roups  of mice,  t h e  
a d j u v a n t  a c t i v i t y  of P O  was  e v i d e n t  b y  a s ign i f i can t  
e l eva t i on  a n d  a p ro longed  pe r s i s t ance  of t h e  p e a k  t i te rs .  
I f  t h e  n u m b e r s  of d i r ec t  a n d  deve loped  P F C  are  c o m p a r e d  
w i t h  t h e  c o r r e s p o n d i n g  a g g l u t i n i n  t i te rs ,  a pos i t ive  corre-  
l a t ion  is n o t  d e m o n s t r a b l e .  This ,  a b o v e  all, b eco mes  
a p p a r e n t  by  t h e  d i s c r e p a n c y  b e t w e e n  t h e  r e l a t ive ly  h i g h  
n u m b e r  of d i r ec t  P F C  a n d  t h e  v e r y  low 19 S s e rum agglu-  
t i n i n  t i te rs .  A second  d i s c r e p a n c y  is no t i ceab le  b y  t h e  
pe r s i s t ance  of t h e  peak  se rum a g g t u t i n i n  t i te rs ,  wh i l s t  t h e  
decl ine  of y G - a n t i b o d y  p r o d u c i n g  cells a l r e ad y  occur red  
7 d a y s  a f t e r  i m m u n i z a t i o n .  As a consequence  of these  
f indings ,  one  m a y  a s sume  t h a t  t h e  resu l t s  o b t a i n e d  b y  
us ing  t h e  L H G  assay  r e p r e s e n t  t h e  k ine t ics  of t h e  hemoly -  
sin p r o d u c t i o n  only,  b u t  n o t  of o t h e r  t y p e s  of a n t i b o d y .  

T h u s  i t  c an  be  conc luded  t h a t  t h e  essent ia l  m e c h a n i s m  
of t h e  ac t ion  of B. pertussis as a n  immuno log i ca l  a d j u v a n t  
is due  to  i t s  s t i m u l a t o r y  effect  on t h e  p ro l i fe ra t ion  of 
yM- a n d  ~ G / ~ A - a n t i b o d y  p r o d u c i n g  cells m. 

Zusammen/assung. Die s i m u l t a n e  i.p. I n j e k t i o n  v o n  
4 × 108 S c h a f e r y t h r o z y t e n  u n d  2 × 109 Zellen v o n  B. per- 
tussis f i ih r t  im Verg le ich  zur  a l le in igen I n j e k t i o n  des 
E r y t h r o z y t e n a n t i g e n s  bei N M R I - M ~ u s e n  zu e iner  ge- 
s t e ige r t en  u n d  v e r l ~ n g e r t e n  Pro l i f e ra t ion  7M- u n d  7G/~A-  
A n t i k 6 r p e r  p r o d u z i e r e n d e r  Milzzellen. 
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