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Effects of Natura l  T o a d  S e r u m  on Hetero logous  Vertebrate  Cells 

I t  h a s  been  shown  t h a t  n a t u r a l  s e rum of t he  t o a d  Bufo 
marinus will  cause  haemolys i s  of washed  e r y t h r o c y t e s  of 
severa l  v e r t e b r a t e  species 1. Recent ly ,  in  u n p u b l i s h e d  ex- 
p e r i m e n t s  we a t t e m p t e d  to t r a n s p l a n t  B16 mouse  mela-  
n o m a  a n d  E h r l i c h  L e t t r 6  asci tes  (ELI))  t u m o u r s  in to  a d u l t  
t oads  (Bu/o marinus ) m a i n t a i n e d  a t  37 ~ I n  spi te  of X -  
i r r ad i a t i on  a n d / o r  cor t i sone  condi t ion ing ,  all  a t t e m p t s  were 
t o t a l l y  unsuccessful .  To discover  w h e t h e r  these  nega t ive  
resu l t s  could h a v e  been  due p r i m a r i l y  to  t he  cy toc ida l  ac- 
t i o n  of t o a d  b o d y  f luids  r a t h e r  t h a n  to  a ce l l -media ted  
response,  we exposed severa l  types  of m a m m a l i a n  t u m o u r  
ceils and  n o r m a l  v e r t e b r a t e  cells in  v i t ro  to  f resh ly  pre-  
pared,  n a t u r a l  t o a d  s e rum and  p lasma ,  

Material and methods. The  t u m o u r  cells inc luded  those  
of in  v i t ro -pas saged  B16 a n d  E L D  lines, p e r m a n e n t  in  
v i t r o - a d a p t e d  subl ines  SZ4B16 a n d  SZEL,  and  HeLa .  
N o r m a l  ceils were those  of Bu[o marinus (hear t  and  lung),  
mouse  (embryonic  a n d  a d u l t  h e a r t  a n d  lung),  a n d  gold- 
f ish (in v i t ro  l ine of tes t i s  cells SZGT) 3. None  of t he  toads  
f rom w h i c h  s e rum a n d  p l a s m a  were  col lected h a d  ever  
been  in jec ted  w i t h  t u m o u r  cells. B lood  was o b t a i n e d  b y  
d i rec t  h e a r t  c annu la t i on .  Pooled  s e rum was passed  t h r o u g h  
a washed  Millepore f i l ter  3 to  r e m o v e  a n y  res idua l  cells. 
S e r u m  a n d  p l a s m a  were used  w i t h i n  3-4  h of p r e p a r a t i o n  
a n d  were m a i n t a i n e d  before  use in  a n  ice b a t h .  P a r t  of 
each  b a t c h  of pooled se rum was h e a t e d  in a w a t e r  b a t h  
for 30 m i n  a t  58 ~ No a n t i c o a g u l a n t s  were used d u r i n g  
t he  p r e p a r a t i o n  of p la sma .  

Eag le ' s  m i n i m u m  essent ia l  m e d i u m  s u p p l e m e n t e d  w i t h  
0.7 % l a c t a l b u m i n  h y d r o l y s a t e  was used in all  exper imen t s .  
20 % h e a t - i n a c t i v a t e d  y o u n g  calf s e rum was added  to con- 
t ro l  cul tures .  3 types  of cu l tu res  were used for t e s t i ng :  a) 
E x p l a n t s  in clots. Chopped  B16 e x p l a n t s  t a k e n  d i rec t ly  
f rom hos t  mice  were p l a t e d  in f i rm clots  of t o a d  or a v i a n  
p l a s m a  a n d  f i l tered ch ick  e m b r y o  ex t rac t .  T h e y  were in- 
c u b a t e d  for 48 h in serum-free  med ium,  b) Monolayer  cul- 
tu res  on  glass. Cells p l a t e d  a t  a s t a n d a r d  c o n c e n t r a t i o n  
were i n c u b a t e d  in r ing  c h a m b e r s  on  covers l ips  for 24 h 
ill s t a n d a r d  med ium.  T h e y  were t h e n  examined ,  w a s h e d  
t h o r o u g h l y  and,  excep t  for t he  controls ,  p rov ided  w i t h  
se rum-f ree  med ium.  20% or 50% t o a d  se rum was added  
to  t h e  e x p e r i m e n t a l  cul tures .  S a m p l e  cu l tu res  were f ixed 
for s t a in ing  a f t e r  20-30 min .  The  re s t  were  i n c u b a t e d  for 
a f u r t h e r  19 h before  f ixa t ion,  c) Cell suspensions .  Tho-  
rough ly -washed ,  d issocia ted  cells were suspended,  counted ,  

a n d  t e s t ed  for v i ab i l i t y  in serum-free  med ium.  Toad  se rum 
was  added  to  smal l  t ubes  c o n t a i n i n g  2 • 105 cells/ml.  Af te r  
30 m i n  a t  37 ~ all  samples  were t e s t e d  for v i ab i l i t y  w i t h  
t r y p a n  blue.  

Results and discussion, a) E x p l a n t s .  All 25 B16 exp l an t s  
i n c u b a t e d  in a v i a n  p l a s m a  p roduced  good o u t g r o w t h  wi th -  
in  48 h (Figure  1). None  of t h e  25 exp l an t s  in  t o a d  p l a s m a  
p roduced  a n y  o u t g r o w t h  a n d  all  loose cells were dead  
(Figure 2). b) Monolayer  cul tures .  All  cell t ypes  excep t  
t hose  of Bu]o were  severely  d a m a g e d  b y  u n h e a t e d  t o a d  
serum.  To v a r y i n g  degree t h e y  showed  i m m e d i a t e  wi th -  
d r a w a l  of processes,  f r equen t  b lebb ing ,  r ap id  swelling pre-  
s u m a b l y  assoc ia ted  w i t h  changes  in m e m b r a n e  perme-  
abi l i ty ,  a n d  a p p a r e n t  c lumping  of cy top l a smic  organelles.  
A cha rac te r i s t i ca l ly  ragged  a p p e a r a n c e  was a t t a i n e d  wi th -  
in  4-5  m i n  (Figures  3 a n d  4). Cul tures  i n c u b a t e d  over-  
n i g h t  w i t h  20% n a t u r a l  t o a d  s e rum h a d  few l iv ing  ceils 
n e x t  day.  S h o r t - t e r m  i n c u b a t i o n  (30 min)  w i t h  h e a t e d  t o a d  
s e rum h a d  no a p p a r e n t  adver se  effects, c) Cell suspensions. 
T h e  resu l t s  are  s u m m a r i s e d  in  F igu re  5. T h e  effect  of t o a d  
s e rum a p p e a r e d  to  be  in f luenced  b y  i ts  concen t r a t ion .  Vi- 
sible cell damage ,  inc lud ing  c l u m p i n g  an d  p e r m e a b i l i t y  to  
t r y p a n  blue,  was  obv ious  on  h a e m o c y t o m e t e r  examina -  
t ion .  

S to rage  of s e r u m  a t  5 ~ r ed u ced  i ts  l e t h a l  effects. Sus- 
pens ions  of H e L a  an d  E L D  cells t e s t ed  w i t h  50% t o a d  
se rum re f r ige ra ted  a t  5~ for 6 days  recorded  53% a n d  
80% viab i l i ty ,  respect ively .  W i t h  20 % s e ru m,  th i s  f igure 
rose to 73% a n d  87%.  

CANDY et  al. 4 showed  t h a t  t h e  n o r m a l  b lood  se rum of 
severa l  a v i a n  a n d  m a m m a l i a n  species h a d  l e tha l  effects 
in  v i t ro  on  va r ious  mouse  t u m o u r s ,  t h e  a g e n t s  respons ib le  
be ing  r ega rded  as n a t u r a l  a n t i b o d y  an d  complemen t .  The  
s e rum of Bu/o marinus con ta in s  a c o m p l e m e n t  sys tem ap-  
p a r e n t l y  c o m p a r a b l e  in s t a n d a r d  reac t ions  to  t h a t  of t h e  
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Fig. 1. Explant of B16 mouse melanoma after 48 h incubation in an Fig. 2. Explant of B16 mouse melanoma after 48 b incubation in a 
avian plasma clot. Fixed and stained preparation, toad plasma clot. Fixed and stained preparation. 



15.4. 1972 Specialia 467 

Fig. 3. Group of living HeLa cells immediately before treatment with Fig. 4. Same group of HeLa cells as in Figure 3, photographed 20 rain 
toad serum. Phase contrast, after addition of 50% toad serum to the medimn. Phase contrast. 

guinea-pig;  its ac t ion aga ins t  e ry th rocy tes  is select ively 
des t ruc t ive  1. 

Our resul ts  suggest  t h a t  t he  des t ruc t ion  of m a m m a l i a n  
t u m o u r  t r ansp l an t s  in toads  m a y  have  been due pr imar i ly  
to  a na tu ra l ly  occurring, heat- labi le ,  cy to tox ic  factor  or 
factors  in b o d y  fluids. They  do no t  exclude the  poss ibi l i ty  
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Fig. 5. Histogram showing percentage viability of dissociated normal 
and malignant cells exposed to toad serum for 30 rain at 37~ In al l  
except mouse and SZGT, figures are based on means of at least 3 
experiments with different batches of pooled serum. 

of a concurrent ,  ce l l -media ted  response  in uncondi t ioned  
toads .  Bu]o marinus can produce  ant ibodies  over  a wide 
range of t e m p e r a t u r e s  5 including 37 ~ 

Our resul ts  add  to  the  avai lable phylogene t ic  informa-  
t ion  regard ing  the  na tu ra l  tox ic i ty  oi se rum of specific ani- 
mals  for specific cell types.  The role of the  cy to tox ic i ty  of 
na tu ra l  sera in the  defence mechan i sms  of hos t  animals  
will become a p p a r e n t  only as a grea te r  range of da ta ,  par-  
t icular ly  f rom in v i t ro  studies,  becomes  avai lableL 

Rdsumd. Le sCrum et le plasma,  nouve l l emen t  prCpar@s, 
de l 'Amph ib i en  Bu/o marinus, ont ,  in vitro,  un effet ra-  
p i d e m e n t  cy to tox ique  sur des cellules normales  et  malignes 
des autres  VertCbr@s. 
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Specific Stimulation of Mycobacteria Phagocytosis by Substances Liberated during the Cultivation of 
Lymph Node Cells from Tuberculin Hypersensitive Rabbits with the Specific Antigen 

Macrophages  p lay  the  crucial role in i m m u n i t y  against  
in t racel lular  paras i tes  1. They  act,  however ,  r a the r  as 
pharmacologica l ly  act ive  effector  cells, whereas  the  proper  
immunologica l ly  specific process  is t r iggered by  the  
l ymphocy te s  2, 3. 

In  a previous  paper  we have  d e m o n s t r a t e d  the  role of 
i m m u n e  l y m p h o c y t e s  in the phagocytos i s  of foreign 
e ry th rocy te s  by  per i tonea l  macrophages  f rom normal  non-  
sensi t ized animals  4. In  t he  p resen t  pape r  the  s t imula t ion  

of phagocytos i s  by  media tors  of de layed hypersens i t iv i ty  5 
l iberated dur ing  the  in te rac t ion  of hypersens i t ive  lym- 
phocytes  wi th  the  specific an t igen  was s tudied.  

For  this  purpose,  live Bacillus Calmette-GuCrin (BCG) 
vaccine [in homogenized  suspension) w a s a d d e d  to  cultures 
of normal  per i tonea l  macrophages  cul tured  ill Pa rke r  199 
(GIBCO/ w i t h o u t  or in the  presence of supe rna t an t s  
p repa red  b y  the cu l t iva t ion  of l ymph  node cells from 
tubercul in  hypersens i t ive  r abb i t s  wi th  var ious  doses or 


