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s p l e n e c t o m y  c rea t ed  no  d e a r t h  of c o m p e t e n t  l y m p h o c y t e s  
t h a t  m e d i a t e  MI whi le  r e m o v i n g  t he  m a j o r  source of 
a n t i b o d y  p roduc t ion .  
Materials and methods. A d u l t  l izards  were m a i n t a i n e d  s 
a n d  sp l enec tomized  5 as de ta i l ed  elsewhere.  Di f fe ren t  di- 
lu t ions  of S R B C  in  p h o s p h a t e - b u f f e r e d  sal ine (PBS) were 
g iven  i.m. to  b o t h  s h a m - o p e r a t e d  a n d  sp lenec tomized  
l izards  7 days  a f t e r  surgery .  9 p a r t s  of b lood in Alsever ' s  
so lu t ion  was m i x e d  w i t h  o n e  p a r t  of 6 %  D e x t r a n  (mol w t  
5,000,000; S igma  Chemica l  Co., USA)  a n d  k e p t  a t  r oom 
t e m p e r a t u r e  for 1.5 h to  s epa ra t e  pe r iphe ra l  b lood  w h i t e  
cells of Calotes ~ P e r i t o n e a l  e x u d a t e  cells (PEC) were 
o b t a i n e d  b y  wash ing  t h e  p e r i t o n e u m  w i t h  ca l c ium-mag-  
nes ium-f ree  P B S  twi th  an t ib io t i c s  and  5.0 I U  hepa r in /ml )  
4 days  a f t e r  t h e  i.p. i n j ec t i on  of 4 - 6  ml  of h e a v y  pa ra f f i n  

Effect of splenectomy on PFC response to SRBC* 

Group Spleen Peripheral Peritoneal 
blood white exudates 
cells 

Unsensitized 8.54-4.4** 1.0=t=0.7"* 14.2+5.4"* 
controls (5)*** (5)*** (11)*** 
Sham-operated 210.54-31.8 107.3+20.4 46.04-22.0 
controls (6) (6) (6) 
Splenectomized - 11.14-5.3 15.54-8.7 

(5) (5) 

*PFC assay was performed 14 days after immunization. **Arith- 
matic mean q- SE. ***Number of animals investigated. 
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Effect of splenectomy on MI response to SRBC. Both sham-operated 
and splenectomized lizards were immunized with varying dilution 
of SRBC and assayed 14 days later for MI response. Each point 
represents the mean -b SE of 4-10 animals. 

oil 9.14 days  a f t e r  i m m u n i z a t i o n ,  P F C  s and  MI assays  were 
pe r fo rmed .  T h e  m e t h o d  for MI assay  u t i l iz ing  P E C  was  
s imi la r  to  t h a t  descr ibed  for Calotes spleen cells 3. Af t e r  
24 h of i n c u b a t i o n  a t  37~ t h e  areas  of m i g r a t i o n  of 
P E C  cu l tu r ed  w i t h  a n d  w i t h o u t  an t igen  were c o m p a r e d  
a n d  the  degree  of MI  was  ca lcu la ted .  S t a t i s t i ca l  a s s e s s m e n t  
of d a t a  was  b y  S t u d e n t ' s  t - t e s t .  
Results and discussion. P r e v i o u s  s tudies  h a v e  s h o w n  t h a t  
t he  i n t a c t  sp leen is a n  abso lu t e  necess i ty  for Calotes t o  
p roduce  an t ibod ie s  to  i.p. i n j ec t ion  of S R B C  5 or b o v i n e  
s e rum a l b u m i n  7 and  also to man i f e s t  a n a p h y l a x i s  to  a n  
i n t r a c a r d i a c  in j ec t ion  of egg a lbumin% I n  the  p r e s e n t  
s tudy ,  i .m. rou t e  was chosen  to  i m m u n i z e  t he  l izards  
since t h i s  rou t e  f avours  t he  eff ic ient  e l ic i ta t ion  of b o t h  
CMI a n d  H I  to S R B C  3,4. Hence,  a n  e x p e r i m e n t  was  
pe r fo rmed  to ensure  t h a t  s p l e n e c t o m y  would  erase t h e  
H I  response  i r respec t ive  of t he  rou t e  of in j ec t ion  of SRBC.  
P F C  were m o n i t o r e d  in p e r i p h e r a l  b lood a n d  PEC,  s ince 
i t  was  a l r e ady  k n o w n  t h a t  sp l enec tomy  a b r o g a t e d  t h e  
h u m o r a l  a n t i b o d y  p r o d u c t i o n  5,v. I .m.  in j ec t ion  of 10 s 
S R B C  fai led to  induce  P F C  gene ra t ion  in pe r iphe ra l  b lood  
a n d  P E C  (table) ,  t h e r e b y  conf i rming  t he  earl ier  r epor t s  5-L 
The  n e x t  e x p e r i m e n t  was  c o n d u c t e d  to  ana lyse  t h e  s t a t u s  
of CMI in an ima l s  t h a t  were dep r ived  of H I  b y  sp lenec to-  
my.  The  d a t a  (figure) ind ica te  t h a t  sp l enec tomy  d id  n o t  
i m p a i r  t he  ab i l i t y  of l izards  to  m o u n t  CMI to  S R B C  
doses r a n g i n g  f rom 104 to 109 . However ,  t he  lowest  dose, 
103 SRBC,  fai led to  sensi t ize  t he  sp lenec tomized  l izards  
(p < 0.05) for MI  response.  
The  o b s e r v a t i o n  t h a t  s p l e n e c t o m y  af fec ted  the  CMI re-  
sponse  to v e r y  low S R B C  dose is in keep ing  w i t h  t h e  
f ind ings  in mice  lz. Similar ly ,  in  toads  t he  a n t i b o d y  syn-  
thes i s  to  S R B C  and  h u m a n  g a m m a - g l o b u l i n  was af fec ted  
b y  s p l e n e c t o m y  on ly  to  low b u t  no t  to  h igh  t h r e s h o l d  
an t i gen  levels 12. A p laus ib le  i n t e l p r e t a t i o n  could be  t h a t  
t he  low an t i gen  dose ha s  m i n i m a l  chances  to  i n t e r a c t  
w i t h  c o m p e t e n t  l y m p h o c y t e s  in  t he  absence  of spleen n .  
Sp lenec tomized  l izards  did  n o t  show a n y  i n c r e m e n t  in  
t he  level  of MI  to h i g h  doses of S R B C  (p > 0.5), un l ike  
mice  n .  S imi la r  resu l t s  were o b t a i n e d  w i t h  Cyclophos-  
p h a m i d e  a n d  F r e u n d ' s  comple t e  a d j u v a n t  t r e a t m e n t  9. 
This  ev idence  suggests  t h e  t o t a l  i ndependence  of MI  on  
H I  in l izards.  
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K. Veeraraghavan, J. Morph. 130, 179 (1970). 
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10 P. Kanakambika and VR. Muthukkaruppan, J. Immun. 109, 

415 (1972). 
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T e m p e r a t u r e  var iat ion  and the function of c o m p l e m e n t  and ant ibody  of amphib ia  1 

L. N. Ruben, B. 'F. E d w a r d s  a n d  J. R is ing  
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Summary. T e m p e r a t u r e  t r e a t m e n t  of sera of e r y t h r o c y t e  i m m u n i z e d  adu l t s  of 3 a m p h i b i a n  species has  s h o w n  t h a t  
cooling e n h a n c e s  a n t i g e n - a n t i b o d y  complex ing  a n d  does n o t  a l t e r  c o m p l e m e n t  f u n c t i o n  in v i t ro .  These  f ind ings  b e a r  
on  u n d e r s t a n d i n g  in  v ivo  t e m p e r a t u r e  i m m u n o s u p p r e s s i o n  in po ik i lo the rms .  

Cohen  2 ha s  r ecen t l y  d iscussed  t h e  consequence  of large tu re  depress ion  will i n h i b i t  a l lograf t  r e jec t ion  in fisha, 4 
da i ly  or  seasona l  e n v i r o n m e n t a l  t e m p e r a t u r e  f l uc t ua t i ons  a n d  a m p h i b i a  5-s, as well  as h u m o r a l  i m m u n i t y  of f ish 9-n ,  
on  i m m u n i t y  a n d  p a t h o g e n e s i s  in  po ik i lo the rms ,  p lac ing  a m p h i b i a  12-17 a n d  rep t i l es  is. I t  is conce ivab le  t h e n  t h a t  
p a r t i c u l a r  e m p h a s i s  on  g r o w t h  r a t e s  of b a c t e r i a  a n d  d i f fe ren t  p a r t  s of t h e  a d a p t i v e  i m m u n e  response  m a y  
v i ruses  as t h e y  af fec t  rept i les .  I t  is k n o w n  t h a t  t e m p e r a -  r e p r e s e n t  t e m p e r a t u r e  sens i t ive  events .  I t  has  r ecen t l y  
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b e e n  r e p o r t e d  19,2~ t h a t  d i s s o c i a t e d  s p l e n o c y t e s  f r o m  
i m m u n i z e d  Triturus viridescens, t h e  c o m m o n  A m e r i c a n  
n e w t  a n d  t h e  g r a s s  f rog ,  Rana pipiens, c a n  b o t h  s y n t h e -  
s ize  a n d  s e c r e t e  a n t i b o d y  in  v i t r o  a t  4~  O t h e r s  h a v e  
f o u n d  t h a t  h i b e r n a t i o n  t e m p e r a t u r e s  wil l  d e p r e s s  t h e  
l eve l  o f  r e c o v e r a b l e  c o m p l e m e n t  in  t h e  s e r u m  of  u n i m m u -  
n i z e d  Rana pipiens 21. T h e  n a t u r e  of  c o m p l e m e n t  in  
f i s h  22-~ a n d  a m p h i b i a  2s,29 h a d  b e e n  s t u d i e d  ea r l i e r .  A t  
t h e  o t h e r  e n d  of  t h e  t e m p e r a t u r e  sca le ,  W e i n h e i m e r  
e t  al.  29 r e p o r t e d  t h a t  4 8 ~  w a s  a d e q u a t e  for  d e c o m p l e -  
m e n t a t i o n  of  s e r u m  of  t h e  m a r i n e  t o a d ,  Bu/o marinus. 
Y e t ,  i n v e s t i g a t o r s  h a v e  c o n t i n u e d  t o  u s e  56~ t h e  
d e c o m p l e m e n t a t i o n  t e m p e r a t u r e  for  m a m m a l i a n  se ra ,  
w h e n  s t u d y i n g  a m p h i b i a n  a n t i b o d y  a c t i v i t y .  H o w e v e r ,  
T o c h i n a i  e t  al. a~ h a v e  f o u n d  t h a t  d e c o m p l e m e n t a t i o n  of  
S o u t h  A f r i c a n  c l a w e d  t o a d ,  Xenopus  laevis, s e r u m  fo r  
30 r a in  a t  56~  r e d u c e s  t h e  l eve l  of  a n t i b o d y  a c t i v i t y  b y  
50-75o//o as  m e a s u r e d  b y  m i c r o t i t e r  h e m a g g l u t i n i n  
a s s a y s .  T h e  e x p e r i m e n t s  r e p o r t e d  h e r e  we re  d e s i g n e d  
t o  d e t e r m i n e  t h e  a c t i v i t y  o f  a m p h i b i a n  c o m p l e m e n t  a n d  
a n t i b o d y  a f t e r  t e m p e r a t u r e  t r e a t m e n t  of  i m m u n e  s e r a  a t  
10~  i n t e r v a l s ,  f r o m  5~  o n  t o  55~ 
Methods. A d u l t s  of  3 spec ies ,  Triturus viridescens, 
Xenopus  laevis a n d  Rana pipiens, w e r e  i m m u n i z e d  b y  
i .p.  i n j e c t i o n  of  2 0 %  h o r s e  e r y t h r o c y t e s  ( H R B C )  in  
A l s e v e r ' s  s o l u t i o n  (Co lo rado  S e r u m  Co.).  T h e  n e w t s  
r e c e i v e d  0.2 ml ,  w h i l e  l a r g e r  i n d i v i d u a l s  of  t h e  o t h e r  2 
s p e c i e s  r e c e i v e d  0.5 m l  of  t h e  c h a l l e n g e  dose .  C o m p a r a b l e  
l eve l s  of  a n t i b o d y  a c t i v i t y  w e r e  o b t a i n e d  b y  c h a l l e n g i n g  
Triturus 3 t i m e s ,  Xenopus  t w i c e  a n d  Rana  once .  M u l t i p l e  
i n j e c t i o n s  w e r e  m a d e  a t  w e e k l y  i n t e r v a l s  a n d  b l o o d  w a s  
c o l l e c t e d  10 d a y s  a f t e r  t h e  t e r m i n a l  i n j e c t i o n .  B l o o d  w a s  
w i t h d l a w n  f r o m  t h e  h e a r t  w i t h  g l a s s  c a p i l l a r y  t u b i n g  a n d  
a l l o w e d  to  c lo t  for  1 h a t  r o o m  t e m p e r a t u r e  a n d  t h e n  for  
4 h a t  5~ T h e  s e r u m  Was  s e p a r a t e d  f r o m  t h e  c lo t  b y  
c e n t r i f u g a t i o n  a n d  d i v i d e d  i n t o  6 a l i q u o t s .  E a c h  o f  t h e s e  
w a s  s u b j e c t e d  to  o n e  of  t h e  v a r i o u s  t e m p e r a t u r e s  for  
40 m i n .  I n  t h o s e  c a s e s  w h e r e  s e r a  w e r e  p r e t r e a t e d  a t  
25 ~ o r  h i g h e r ,  t h e y  we re  s u b s e q u e n t l y  s e r i a l l y  d i l u t e d  a t  
r o o m  t e m p e r a t u r e  i n t o  12 we l l s  of  a m i c r o t i t e r  p l a t e  
(Cooke  E n g i n e e r i n g ) ,  25 ~1 of  1 %  H R B C  w a s  a d d e d  to  
e a c h  wel l  a n d  t h e  p l a t e s  p l a c e d  o v e r n i g h t  a t  25 ~ b e f o r e  
b e i n g  o b s e r v e d .  S e r a  t r e a t e d  a t  5 ~ o r  15 ~ w e r e  d i l u t e d  
a n d  s t o r e d  o v e r n i g h t  a t  t h o s e  low t e m p e r a t u r e s .  Al l  
e x p e r i m e n t s  w e r e  p e r f o r m e d  a m i n i m u m  of  3 t i m e s  w i t h  
s e r a  p o o l e d  f r o m  d i f f e r e n t  g r o u p s  of  a n i m a l s .  

Complement-mediated lysis and hemagglutinin activities of temper- 
ature treated immune sera 

Pre-ineubation temperature (~ 
5' 15 25 35 45 55 

R~ncg 

Lysis 6 7 i 0  b 674-0 1004-0 100:1:0 304-24 04-0 
Aggluti- 
nation 1 5 0 i 0  150~-0 1004-0 1004-0 884-3 134-12 
Xenopus 
Lysis 784-26 834-28 1004-0 94j :8  44-4-7 0q-0 
Aggluti- 
nation 128:~:25 123• 100~:0 1004-0 1004-0 914-7 
Triturus 
Lysis 4 8 t 1 3  77=[=21 100~c0 93•  274-37 144-22 
Aggluti- 
nation 140=[-36 139zL38 1004-0 1034-6 884-13 90=c26 

Results and discussion. O n  t h e  a v e r a g e ,  6 - 8  wel l s  o f  R B C  
spec i f i c  a n t i b o d y  a c t i v i t y  w a s  o b t a i n e d  a t  25~  T h e  
f i r s t  4 - 5  wel l s  d e m o n s t r a t e d  h e m o l y s i s ,  wh i l e  t h e  r e -  
m a i n i n g  wel l s  s h o w e d  h e m a g g l u t i n a t i o n .  A d d i t i o n a l  t e s t s  
we re  m a d e  t o  d e t e r m i n e  if t h e  l y s i s  o b s e r v e d  u n d e r  t h e s e  
c o n d i t i o n s  c o u l d  s e r v e  as  a m e a s u r e  of  c o m p l e m e n t  
a c t i v i t y .  L y s i s ,  b u t  n o t  a g g l u t i n a t i o n ,  w a s  b l o c k e d  b y  
30 m M  E D T A .  I n  a d d i t i o n ,  t h e  o r i g i n a l  n u m b e r  o f  we l l s  
o f  l y s i s  c o u l d  be  r e s t o r e d  to  h e a t  i n a c t i v a t e d  i m m u n e  s e r a  
b y  t h e  a d d i t i o n  of H R B C - a d s o r b e d  n o n i m m u n e  s e r u m  
as  a c o m p l e m e n t  s o u r c e .  O u r  r e s u l t s  s h o w e d  t h a t  4 5 ~  
for  40 m i n  w a s  a d e q u a t e  for  c o m p l e t e  d e c o m p l e m e n t a t i o n  
of  s e r a  f r o m  Triturus a n d  Xenopus,  w h i l e  ly r ic  a c t i v i t y  
of  Rana s e r u m  w a s  r e d u c e d  b y  8 0 % .  N o  s u b s t a n t i a l  
r e d u c t i o n  of  h e m a g g l u t i n a t i o n  o c c u r r e d  a f t e r  55~  
t r e a t m e n t  o f  Triturus a n d  Xenopus  se ra .  Rana s e r u m ,  
h o w e v e r ,  s h o w e d  no  l y t i c  o r  h e m a g g l u t i n i n  a c t i v i t y  
a f t e r  40 m i n  a t  55~  T e m p e r a t u r e s  of  5~  a n d  15~  
a c t u a l l y  i n c r e a s e d  t h e  l eve l  of  h e m a g g l u t i n i n  a c t i v i t y  in  
a l l  3 spec i e s  b y  2 5 % ,  w h e n  c o m p a r e d  to  t h e  s a m e  s e r a  
a t  25 ~ N o  c h a n g e  in  t h e  leve l  of  c o m p l e m e n t  a c t i v i t y  
(lysis)  w a s  seen .  A d d i t i o n a l l y ,  we  f o u n d  t h a t  f r e e z i n g  a n d  
t h a w i n g  t h r o u g h  a t  l e a s t  6 c y c l e s  h a d  no  e f f ec t  o n  e i t h e r  
ly r ic  o r  a g g l u t i n i n  a c t i v i t i e s .  U n i m m u n i z e d  s e r a  f r o m  
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Activities resulting from the 25~ t reatment  are set at 100, all other 
activities are expressed relative to this reference. 29 
a Assays for lysis and agglutination for the 5 ~ and 15 ~ pretreated 
sera were performed at 5 ~ and 15 ~ respectively. All others were 30 
assayed at 25 ~ b From at least 3 determinations, mean -4- SD. 
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individuals  of these  3 species, comple te ly  adsorbed wi th  
sheep e ry th rocy tes ,  were also t e s t ed  for the i r  abi l i ty  to 
serve as a c o m p l e m e n t  source for r abb i t - an t i - sheep  
hemolys in  (GIBCO). All showed this  capaci ty .  However ,  
w h e n  u n i m m u n i z e d  r a t  se rum was used as a c o m p l e m e n t  
source for r abb i t - an t i - sheep  hemolysin ,  no lysis was 
ob ta ined  a t  15 ~ or lower. Legler  e t  al. 2s have  shown t h a t  
Bu[o marinus, Necturus maclosus and  Rana pipiens 
c o m p l e m e n t  can  funct ion  wi th  m a m m a l i a n  b u t  no t  fish 
an t ibody .  
Thus,  c o m p l e m e n t  and  a n t i b o d y  of these  po ik i lo the rms  
seem bes t  a d a p t e d  to func t ion  a t  env i ronmen ta l  t emp e ra -  
tu res  in which  these  organisms normal ly  live. Whi le  the  
l abo ra to ry  t e m p e r a t u r e  of 25 ~ has  been used in t he  pas t  
in an effor t  to  p rov ide  op t ima l  t e m p e r a t u r e  condi t ions  for 
these  par t i cu la r  amphib ia ,  our da t a  suggest  t h a t  it  is no t  

o p t i m u m  for se rum agg lu t ina t ion  ac t iv i ty .  Since our da t a  
show clearly t h a t  a m p h i b i a n  c o m p l e m e n t  funct ions  
in v i t ro  a t  the  h ibe rna t i on  t e m p e r a t u r e s  which  have  been 
found to  reduce the  a m o u n t  of c o m p l e m e n t  ac t iv i ty  
recoverable  f rom Rana serum 21, i t  would  seem t h a t  
i mmu n e  inhib i t ion  a t  cold t e m p e r a t u r e s  m a y  be p a r t l y d u e  
to  a suppress ion of synthes is  r a the r  t h a n  ac t iv i ty  of 
complement .  Therefore  previous ly  ac t iva ted  amph ib i an  
i m m u n o c y t e s  can cont inue  to genera te  and release ant i -  
body  in vitro19, ~~ c o m p l e m e n t  func t ion  is normal ,  
a l though  its syn thes i s  in vivo is depressed  31 and  ant igen-  
a n t i b o d y  complex ing  is enhanced  by  the  cold. If  the  
effect  of low t e m p e r a t u r e  on the  in vivo i mmu n e  response  
has  to do wi th  th resho ld  ac t iv i ty  of a par t icu lar  t emper -  
a ture  sensi t ive phase,  only  the  p h e n o m e n a  associated 
wi th  ac t iva t ion  of l y m p h o c y t e s  b y  an t igen  remain.  

Changes in rate of methemoglobin reduction and oxygen affinity of erythrocytes incubated with ino- 
sine, pyruvate and phosphate 

L. Zolla, Carmela  Ioppolo,  G. Amiconi,  A. Benagl ia  and E. Anton in i  

Institute o/Chemistry, Faculty o/Medicine, University o/Rome, C. N. R. Center o/Molecular Biology, Rome, and lstituto 
Regina Elena, Divisione I di Chirurgia Generale, Rome (Italy), 23 March 1977 

Summary. Incuba tRm of h u m a n  e ry th rocy te s  w i th  inosine, p y r u v a t e  and p h o s p h a t e  increases several  fold the  ferri-  
hemoglob in  reduc tase  act iv i ty ,  the  values of which,  however ,  depend  on the  age of blood (by 6 to  2 t imes  wi th  respect  
to t he  no rma l  value of fresh blood). 

Blood s tored  in ac id-c i t ra te -dex t rose  (ACD) shows a pro-  
gressive decrease in the  ac t iv i ty  of the  fer r ihemoglobin  re- 
duc t ion  sys t ems  and  a c o n c o m i t a n t  increase in oxygen  af- 
finity1, 2; these  funct ional  changes  are re la ted  to  the  me- 
t abo l i sm of the  e ry th rocy t e  and  to the  exchange  of ma-  
terials  be tween  cells and p rese rva t ion  solution.  Incuba-  
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Fig. 1. Effect of incubation erythrocytes with inosine (10 mM), py- 
ruvate (10 mM) and phosphate (5 mM) at 37 ~ in isotonic "Iris buffer 
pH 7.3. A Change in the rate of ferrihemoglobin reduction as a func- 
tion of time of red cells stored at 4~ for 2 h and 3, 16 and 30 days; 
B change in pl/2 (the oxygen tension at 50% oxygen saturation), 
measured at 20~ in isotonic Tris buffer pH 7.3, of red cells. T, A, 
2 days old; �9 4 days old; O, 16 days old, I ,  30 days old. 

t ion a t  37 ~ Of o u t d a t e d  whole blood or concen t ra t ed  red 
cells in a m e d i u m  conta in ing  inosine and  adenine  3, ~ or 
inosine, p y r u v a t e  and  p h o s p h a t e  ~, s res tores  the  defect ive  
oxygen  t r a n s p o r t  func t ion  and  the  deple ted  2,3-diphos- 
phoglycera te  (DPG) concen t r a t ion  of e ry th rocy tes .  More- 
over  the  incuba t ion  wi th  r e juvena t ion  solut ions deter-  
mines  an increase in tile 24-h pos t - t r ans fus ion  survival  e, ~. 
Due to  the  possible prac t ica l  u t i l iza t ion of th is  procedure ,  
several  s tudies  have  been  carr ied out  on b iochemical  mod-  
if icat ions of e r y t h r o c y t e  me tabo l i sm af ter  incuba t ion  wi th  
var ious  subs tances  S-ll. The purpose  of th is  comunica t ion  
is to repor t  the  effect  of inosine (10 mM), p y r u v a t e  and  
inorganic  p h o s p h a t e  (5 mM) ( I P P  solution) on the  ac- 
t i v i t y  of the  fer r ihemoglobin  reduc t ion  sys tem,  the  oxy-  
gen aff in i ty  and  the  osmot ic  f ragi l i ty  of s tored e ry th ro-  
cytes.  The t echn iques  used have  been  descr ibed previ-  
ously 2. 
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