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E f f e c t  o f  S p l e n e c t o m y  o n  t h e  I m m u n e  R e s p o n s e  i n  t h e  L i z a r d ,  Calotes vers icolor  

W h i l e  t he  i m p o r t a n c e  of t he  spleen in i m m u n e  reac t ions  
has  been  well  e s t ab l i shed  for m o s t  v e r t e b r a t e  classes, t he  
effect  of s p l e n e c t o m y  has  been  shown  to v a r y  d e p e n d i n g  
on  t h e  species, on  t he  an t igen ,  on  t he  rou te  of a d m i n i s t r a -  
t ion  of an t igen ,  a n d  on  t h e  t i m e  of s p l enec t om y  ~. I n  
c o n t r a s t  to  i n f o r m a t i o n  ava i l ab l e  for teleosts~, 3 a n d  
e l a s m o b r a n c h s  ~, and  in c o n t r a s t  also to s tud ies  on  effects 
of s p l e n e c t o m y  in b i rds  ~,5, phy l ogene t i c  i n f o r m a t i o n  on 
t he  effects  of s p l e n e c t o m y  in rept i les  are n o t  ava i lab le .  
The  p r e sen t  e x p e r i m e n t s  were the re fo re  car r ied  o u t  as 
p a r t  of a s y s t e m a t i c  ana lys i s  of t he  i m m u n e  capac i ty  of 
t he  l izard,  Calotes versicolor G-s. 

Mater ia l  and methods. Male a d u l t  l izards  weigh ing  
25-45 g were m a i n t a i n e d  a t  a m b i e n t  t e m p e r a t u r e s  rang-  
ing f rom 20~ to  28~ Me t hods  of feeding a n d  ma in -  
t e n a n c e  of t he  an ima l s  in t he  l a b o r a t o r y  were as desc r ibed  
earl ier  s. An ima l s  were a n a e s t h e t i z e d  b y  in j ec t ion  of 40 m g  
sod ium p e n t o b a r b i t o n e / k g  b o d y  we igh t  9. T he  t r u n k  
region was s ter i l ized w i t h  e thanol ,  an  incis ion m a d e  on  
the  lef t  side of t he  a b d o m e n  be t w een  t he  ribs,  t he  s t o m a c h  
t u r n e d  aside a n d  t he  spleen removed .  The  incis ion was 
closed b y  a p p l y i n g  col lodion to t h e  cu t  edges a f t e r  sp ray-  
ing t he  w o u n d  a rea  w i t h  su lpha th i azo l e  powder  ( 'Cibazol ' ,  
C iba  Ltd . ,  Ind ia ) .  S h a m  s p l e n e c t o m y  was ca r r ied  o u t  b y  
fol lowing all surgical  p rocedures  excep t  ac tua l  r e m o v a l  of 
t he  spleen.  Comple teness  of t he  ope ra t i on  was a sce r t a ined  
b o t h  by  microscopic  e x a m i n a t i o n  of the  a b l a t e d  spleen 
and  b y  a u t o p s y  a t  t he  end  of the  inves t iga t ion .  

A n i m a l s  were g iven  an  i . p  in j ec t ion  of 0.1 ml  of 25% 
sheep red  b lood  cells (SRBC) e i the r  7 days  a f t e r  sp lenecto-  
m g  (Group I), 2 h a f te r  s p l e n e c t o m y  (Group I I )  or 7 days  
before  s p l e n e c t o m y  (Group I I I ) .  Seven  an i m a l s  in  Group  
I I  ( I I a )  were a t  t h e  same  t i m e  also in jec ted  w i t h  au to-  
logous spleen cells su spended  in 0.3 ml  of p h o s p h a t e  
buf fe red  saline.  S e r u m  ana lys i s  was  pe r fo rmed  21 days  
a f te r  i m m u n i z a t i o n .  

Spleen cell suspens ions  were p r e p a r e d  in 10% Serum- 
saline,  a n d  v i a b i l i t y  of these  cells was  d e t e r m i n e d  b y  
t r y p a n  b lue  dye  exclusion.  To d e t e c t  t he  presence  of 
p l a q u e - f o r m i n g  cells (PFC), t he  t e c h n i q u e  of CUN?ClNGHAM 
a n d  SZE~BERG*~ was followed, w i t h  a p p r o p r i a t e  modi f ica-  
t ions  v. H a e m o l y s i n  (HL) a n d  h a e m a g g l u t i n i n  (HA) levels 
were d e t e r m i n e d  i n d i v i d u a l l y  on  all  sera, us ing  serial  
2-fold d i lu t ion  of i n a c t i v a t e d  se rum samples .  Mercap to-  
e t h a n o l  (2-ME) s ens i t i v i t y  of t he  a n t i b o d y  was m e a s u r e d  
as descr ibed  b y  GLOBERSON a n d  AUERBACH 11. 

Results.  As shown  in t he  Table ,  al l  an i m a l s  i m m u n i z e d  
a f t e r  s p l e n e c t o m y  (I e a n d  I I  e) fai led to  show se rum an t i -  
b o d y  response,  in c o n t r a s t  to  s h a m - o p e r a t e d  cont ro l s  
( Ic  and  I Ic ) .  I n t r a p e r i t o n e a l  in jec t ion  of i so la ted  au to -  
logous sp leen  cells ( I I a )  fai led to  res to re  t h e  i m m u n e  

response  to  SRBC. Low H L  and  H A  t i t r es  were found  in  
3 of t he  8 l izards  sp lenec tomized  1 week  a f te r  in j ec t ion  of 
an t igen .  Assay  for P F C  in t he  spleens r e m o v e d  d u r i n g  
s p l e n e c t o m y  of th i s  group i nd i ca t ed  a r ange  of 40-343 
PFC/106 leukocytes .  

A t t e m p t s  were m a d e  to  res tore  t he  immuno log i ca l  
c apac i t y  of sp lenec tomized  l izards  b y  i m p l a n t i n g  t he  
au to logous  spleen in d i f fe ren t  i m p l a n t a t i o n  sites, b u t  no  
v i ab l e  graf t s  were recovered.  I n  v iew of these  results ,  
p a r t i a l  s p l e n e c t o m y  was car r ied  out ,  t h u s  a s su r ing  b o t h  
e q u i v a l e n t  ope ra t i ona l  shock  and  pa r t i a l  presence  of spleen 
for s u b s e q u e n t  assay.  An ima l s  in  th i s  group were im- 
m u n i z e d  7 days  fol lowing t he  ope ra t i on  and  e x a m i n e d  
for P F C  14 days  later .  6 ou t  of 7 an ima l s  of th i s  g roup  
r e sponded  well, w i t h  a n  average  of 654 PFC/10  ~ leuko-  
cytes  (range of 10-1333).  

All  pos i t ive  s e rum samples  were t e s t ed  for mercap to -  
e t h a n o l  sens i t iv i ty .  No a n t i b o d y  a c t i v i t y  was de tec ted  
a f t e r  t r e a t m e n t  w i t h  2-ME. 

Discussion.  The  resu l t s  ind ica te  t h a t  in t h e  l izard,  
Calotes versicolor, no se rum a n t i b o d y  response  to S R B C  
can  be  de tec ted  in t he  absehce  of t he  spleen.  Th i s  f ind ing  
is in  s h a r p  c o n t r a s t  to  t he  cond i t ion  ex i s t ing  in h ighe r  
ve r t eb ra t e s .  I n  m a m m a l s ,  s p l e n e c t o m y  d id  n o t  a b r o g a t e  
t he  i m m u n e  response  to i.p. in jec ted  an t igen ,  a l t h o u g h  in 
t he  case of i.v. p re sen ted  an t igen ,  especial ly  w i t h  low 
doses, t he  response  was d imin i shed  ~, ~2, ~3. I n  t he  chicken,  
s p l e n e c t o m y  followed b y  i.v. i m m u n i z a t i o n  w i t h  S R B C  
led to  t he  a p p e a r a n c e  of a n t i b o d y - p r o d u c i n g  ceils in  bone  
mar row~;  t h i s  f ind ing  suppor t s  t he  ear l ier  ex tens ive  
s tudies  of ROSENQUIST and  WOLFE 5 who, us ing  B S A  as 
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Effect of splenectomy on haemolysin (HL) and haemaggIutinin (HA) response in the lizard following i.p. administration of sheep red blood cells 

Group Treatment Time of injection No. HL titre (reciprocal) No. 
of SRBC positive/ positive/ 

total (HL) total HA 

HA titre (reciprocal) 

I e splenectomy 7 days after operation 0/7 
I c sham 8/11 

I I e  splenectomy 2 hours after operation 0/9 
II a spleneetomy + spleen cells 0/7 
II c sham-operated 2/5 

III e splenectomy 7 days before operation 3/8 
III  c sham-operated 4/6 

- 0/7 - 
160, 80, 40, 80, 80, 640,640, 640 6/11 10, 10, 10, 20, 5, 40 

- o19 - 

- 0t7 - 
1280, 320 1/5 40 

5,10, 5 218 5, 5 
40, 1280, 640, 20 2/6 80, 40 
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ant igen ,  d e m o n s t r a t e d  t h a t  s p l e n e c t o m y  in t he  ch icken  
only  de layed  t he  day  of peak  t i t re ,  b u t  d id  no t  d i m i n i s h  
the  t o t a l  response.  

I n  t he  p re sen t  s tudy ,  a weak  a n t i b o d y  response  was 
not iced  w h e n  s p l e n e c t o m y  was pe r fo rmed  7 days  a f t e r  
i m m u n i z a t i o n .  However ,  t he  low a n t i b o d y  t i t r es  were 
w i t h i n  t he  r ange  p roduced  b y  n o r m a l  an ima l s  of th i s  
species on  t he  7 th  day  fol!owing i m m u n i z a t i o n ,  sugges t ing  
t h a t  t he  obse rved  a n t i b o d y  m a y  h a v e  been  p roduced  
pr ior  to  sp l enec tomy  and  s imp ly  m a i n t a i n e d  in t he  b lood 
in t h e  ensu ing  2 weeks. The  presence  of P F C  in t h e  spleen 
a t  t he  t i m e  of sp l enec t om y  suppor t s  th i s  i n t e r p r e t a t i on .  

Our  obse rva t ions  on  t he  t o t a l  a b l a t i o n  of r eac t ion  to 
S R B C  af te r  s p l e n e c t o m y  is re inforced b y  t he  o b s e r v a t i o n  
of KANAKAMBIKA 6 who  could de t ec t  P F C  only  in t h e  
b lood a n d  spleen of i m m u n i z e d  l izards,  b u t  no t  in any  
o the r  t i ssue  tes ted .  S imi la r  obs e r va t i ons  h a v e  been  m a d e  
by  ROTHE and  AMBROSIUS ill Testudo14. F u r t h e r  s tudies  
invo lv ing  o the r  r ep t i l i an  species, o the r  ant igens ,  and  
a l t e r n a t e  rou tes  and  schedules  of i m m u n i z a t i o n  are 
required,  however ,  before  genera l i za t ions  conce rn ing  
rep t i l i an  spleen func t ions  can  be  a t t e m p t e d  15. 

Zusammen/assung. N a c h  E n t f e r n u n g  der  Milz k a n n  die 
E idechse  Calotes versicolor n i c h t  m e h r  gegen I m m u n i z i e -  
r u n g  m i t  S c h a f s e r y t h r o z y t e n  reagieren.  W e n n  die Milz 
abe r  n u r  te i lweise  e n t f e r n t  wird,  is t  noch  eine v611ig 
no rma le  R e a k t i o n  v o r h a n d e n .  
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Inhibition of the Primary Immune  Response Against  Sheep Red Blood Cells by Short -Term Reti- 
eulo-Endothelial  System Blockage Experiments  in Mice 

The  possible  suppress ive  effect  of t he  i m m u n e  response  
by  'b lockage '  of t he  r e t i cu lo -endo the l i a l  s y s t e m  w i t h  
par t ic les  is k n o w n  (CRucI~AUD 1). I t  is deba tab le ,  however ,  
w h e t h e r  t he  i n h i b i t i o n  is caused  b y  t he  u p t a k e  of t he  
par t ic les  b y  t he  R E S  cells or w h e t h e r  i t  is due to d i rec t  
ac t ion  on  t he  surface  m e m b r a n e .  E l e c t r o n  microscopic  
s tud ies  h a v e  s h o w n  t h a t  t h o r o t r a s t  is t a k e n  up  b y  spleen 
cells a b o u t  20 ra in  a f t e r  t he  i.v. i n j ec t i on  a n d  mos t  of t he  
t h o r o t r a s t  a t  t h a t  t i m e  st i l l  covers  t he  surface  m e m b r a n e  
(Wxlss2) .  W e  s tud ied  t he  ques t ion  in s h o r t - t e r m  exper i -  
m e n t s  us ing  t h o r o t r a s t  as b lock ing  a g e n t  and  sheep red  
b lood  cells (SIRBC) as t he  an t igen .  

Methods. 0.2 ml  of t h o r o t r a s t  were in jec ted  i.v. in to  
a d u l t  female  a n d  ma le  mice. The  t h o r o t r a s t  i n j ec t ion  
was r e l a t ed  to t h e  an t i gen  in j ec t ion  in t he  fol lowing way :  
A) 15 sec, 30 sec, 1, 2, 5, 15, 45, 60, 90 a n d  120 m i n  pr io r  
to  t he  a n t i g e n  in jec t ion ,  8 • l0  s SIRBC. B) Toge the r  w i th  
t h e  an t igen .  C) 15 sec, 30 sec, 1 rain,  5 m i n  a n d  2 h a f te r  
t he  an t i gen  appl ica t ion .  T he  an i m a l s  were sacrif iced 72 or 
96 h a f te r  t he  i m m u n i z a t i o n  and  t he  i m m u n e  response  
e v a l u a t e d  b y  c o u n t i n g  t he  p l aque  fo rming  cells in t he  
J e rne  t e s t ;  11 d i f fe rent  e x p e r i m e n t a l  groups  were set  up, 
each  of t h e m  invo lv ing  12-92 mice.  T he  resu l t s  were 
r ep roduced  a t  leas t  3 t imes .  T he  f indings  were s t a t i s t i ca l ly  
e v a l u a t e d  b y  v a r i a n c e  ana lys i s  in single class ' if ication 
accord ing  to  t he  mode l  7o = # + ei  + e,j a n d  b y  l inear  
compar i son  of t he  d i f fe ren t  e x p e r i m e n t a l  groups  w i t h  t he  
con t ro l  mice, wh ich  were i m m u n i z e d  aga ins t  S R B C  wi th-  
ou t  any  t h o r o t r a s t  in jec t ion .  This  l inear  c o m p a r i s o n  was  
pe r fo rmed  accord ing  to t he  t e s t  of Scheffe. The  numer i c  
ca lcu la t ions  were done  on  IBIVL7040-computer  of t he  
Ca lcu la t ion  Cente r  a t  t he  U n i v e r s i t y  of Fre iburg ,  W e s t  
G e r m a n y ,  Dr.  B loedhorn .  

Results. The  in j ec t ion  of t h o r o t r a s t  15-30 sec, 1-5 m i n  
a n d  30-90 ra in  p r io r  to  t he  in jec t ion  of an t i gen  i n h i b i t e d  
t he  a p p e a r a n c e  of p l aque - fo rming  cells. T he  i n h i b i t i o n  was 
s t a t i s t i ca l ly  h igh ly  s ignif icant ,  p <_ 0.001, co r respond ing  
to a p r o b a b i l i t y  of e r ror  of 0.1%. T he  in jec t ion  of thoro-  
t r a s t  s i m u l t a n e o u s l y  w i t h  t he  an t i gen  or 15 sec to 2 h 

a f t e r  t he  an t i gen  in j ec t ion  did  n o t  in f luence  t he  n u m b e r  
of p l aque - fo rming  cells c o m p a r e d  w i t h  t he  con t ro l  a n i m a l s  
wh ich  o b t a i n  on ly  S R B C  a n d  no t h o r o t r a s t  a t  all. 

These  resu l t s  are c o m p a t i b l e  w i t h  t he  a s s u m p t i o n  t h a t  
the  i n h i b i t o r y  effect  obse rved  is due  to an  ac t ion  of 
t h o r o t r a s t  on  t he  surface  of t h e  i m m u n e  c o m p e t e n t  cells 
in t he  spleen of mice. Because  of this ,  t h e  an t igen ic  de ter -  
m i n a n t s  are no t  able  to  mee t  t h e i r  m e m b r a n e  recep to r  
sites. W h e t h e r  t h e  ac t ion  of t h o r o t r a s t  is mere ly  a 
phys i ca l  coa t ing  of t he  cell or a chemico -phys i ca l  in te r -  
ac t ion  w i t h  t h e  cell surface  m e m b r a n e  c a n n o t  be  deduced  
f rom these  expe r imen t s .  The  e x p e r i m e n t a l  mode l  de-  
scr ibed can  be  used for s tud ies  on cell m e m b r a n e  in i ts  
f u n c t i o n a l  r e l a t i on  to  t he  a n t i b o d y  response  a. 

Zusammen/assung. M~use w u r d e n  gegen Scha fe ry th ro -  
zy t en  i m m u n i s i e r t  u n d  die I m m u n r e a k t i o n  im P laque -  
Tes t  v o n  Je rne  gemessen.  E r h a l t e n  die Tiere u n m i t t e l b a r  
vo r  der  A n t i g e n i n j e k t i o n  Tho ro t r a s t ,  so k o m m t  es zur  
s t a t i s t i s ch  h o c h s i g n i f i k a n t e n  t I e m m u n g  der  A n t i k 6 r p e r  
b i l d e n d e n  Zellen. 

H.  WL NOLTEI~TIus a n d  M. CHABIN 

American University o/ Beirut, Department o/ Pathology, 
Beirut (Lebanon): and Robert-Koch-fnstitut, 
Berlin (Germany), 4 February 7972. 

i A. CURCH*UD, Lab. Invest 79, 15 (1968). 
L. WEISS, Bull. Johns Hopkins Hosp. 115, 99 (1964). 

a The work was supported by grants of the Deutsche Forschungs- 
gemeinschaft, Stiftung Volkswagenwerk and the Franz-Volhard- 
Friedrich-Karl Sehattauer-Stiftung. 


