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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.  
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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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F r o m  figure 1 i t  becomes  ev iden t  t h a t  af ter  2-3 h of in- 
cuba t ion  wi th  I P P  a t  37 ~ the  ac t iv i ty  of the  fer r ihemo-  
globin reduc t ion  sys t em (expressed as a pseudof i r s t  order  
cons t an t ,  k) reaches  its h ighes t  level;  however ,  t ho u g h  
the  m ax ima l  ve loc i ty  of r educ t ion  is achieved a t  t he  same 
t ime  by  all the  samples,  its absolute  value depends  on the  
age of blood (see also figure 2). F igure  1 also shows the  
decrease in oxygen  a f f in i ty  (expressed as P~/2, the  par t ia l  
pressure  of oxygen  required to  p roduce  50% sa tu ra t ion  of 
l igand b ind ing  sites) as a func t ion  of incuba t ion  t ime.  
Af te r  7 h of incubat ion ,  t he  values  of pl/~, de t e rmined  a t  
20~ and  isotonic Tris buffer  p H  7.3, have  reached a 
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Fig. 2. Effect of incubation wi th  IPP at 37~ on some functional 
properties of human erythrocytes stored at 4~ for dif ferent period 
of time. Different symbols refers to different samples of blood. 
A Reduction rate of ferrihemoglobin as a function of storage time, be- 
fore (symbols around the dashed line) and after (symbols around the 
continuous line) incubation. B Oxygen affinity at 20~ (indicated as 
pZ/~) as a function of storage time, before (symbols around the dashed 
line) and after (symbols around the eontinuons line) incubation. 

m a x i m u m ,  which  is i n d e p e n d e n t  of the  age of t he  blood. 
This resul t  is in ag reemen t  wi th  t h a t  r epor ted  by  D u h m  
et  al. 5, even t h o u g h  these  au thors  not iced  a l i t t le  dif- 
ference in the  oxygen  af f in i ty  of f resh and  28 days  old re- 
j uvena t ed  e ry th rocy t e s ;  th is  fac t  m i g h t  be expla ined  by  
the  difference in the  experimental condi t ions  used. 
The  func t iona l  changes  induced by  a 6-h- incubat ion  wi th  
I P P  in f reshly  d rawn  blood as well as in blood s tored in 
ACD a t  4~ up to 30 days  are shown in figure 2. The in- 
cuba t ion  increases several-fold the  ra te  of fer r ihemoglobin  
reduct ion ,  the  values  of which  however  depend  on the  age 
of t he  blood. On the  o the r  hand ,  t he  decrease of oxygen  
a f f in i ty  on incuba t ion  wi th  I P P  is i n d e p e n d e n t  of the  t ime 
of s torage.  As is wel l-known,  the  increase in t he  values  of 
pl/2 depends  on the  a u g m e n t  of D P G  concen t r a t ion  formed 
dur ing  the  incubat ionS;  and therefore  these  resul ts  con- 
f i rm t h a t  s torage of blood in ACD up to  30 days  does no t  
impai r  the  e r y t h r o c y t e  capac i ty  of syn the t i z ing  D P G  5. 
In  order  to inves t iga te  t he  s tab i l i ty  of t he  effects ob ta ined  
by  the  r e juvena t ion  solution,  the  i ncuba ted  suspens ion  of 
e ry th rocy t e s  has  been kep t  a t  4~ and  the  eff iciency of 
fer r ihemoglobin  reduc t ion  rate,  as well as the  oxygen  af- 
f in i ty  of red cells, has  been  d e t e r m i n e d  as a func t ion  of 
t ime  (figure 3). Thus,  the  reduc tase  ac t iv i ty  follows the  
same t rend  in r e juvena t ed  e r y t h r o c y t e s  as ill f resh blood, 
i.e. i ts progressive decline s ta r t s  jus t  a f ter  the  end of in- 
cubat ion .  On the  o ther  hand,  the  oxygen  af f in i ty  ma in ta ins  
i ts  value for abou t  2 weeks and  t h e n  begins  to  increase 
w i th  a t r e n d  paral lel  to  t h a t  of fresh non incuba t ed  blood ; 
in par t icular ,  abou t  24 days  af ter  t he  incuba t ion  wi th  
I P P ,  oxygen  af f in i ty  reaches  the  h ighes t  value, which is 
s imilar  to t h a t  of 'old '  blood. 
I t  is wel l -known t h a t  b u m a n  e r y t h r o c y t e s  lose the i r  bi- 
concave disc shape,  concomi t an t  w i t h  decreas ing A T P  
level, dur ing  a normal  blood bank  s torage  per iod is. This 
s t ruc tu ra l  and  funct ional  damage  of m e m b r a n e  is re- 
f lected,  a m o n g  o ther  things,  in the  increased osmotic  
fragi l i ty  of e ry th rocy tes .  The incuba t ion  wi th  I P P  solution 
res tores  in p a r t  the  res is tance  to hypo ton ic  m e d i u m  of out-  
d a t e d  s tored red cells, as indica ted  b y  figure 4. 
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Fig. 3. Effect of storage at 4 ~ of rejuvenated erythrocytes: A on re- 
ductase activity; B on oxygen affinity. Storage periods prior to incu- 
bation with IPP: Q, 3 days; �9 8 days; (~, 16 days; A, 30 days. 
Dashed line in B indicates the decrease in oxygen affinity of fresh 
blood as a function of time. 

A) B) 

10(2 7 h alter incubation 

._,.2 6C 
g. 
"6 4(; 

E 

2e 
= 

0.3 0.5 0.7 0.9 0.5 0.7 0.9 

C) NaCl(g/100g) 

o70t in NaC[ 05g/100g 
~, ,/o }- 

o 1 2 3 4 s s -~ 8 9 lo 11 12days 
Time alter incubation 

Fig. 4. Osmotic fragility measured on human red cells stored in ACD 
at 4 ~ for 21 days and then rejuvenated with inosine, pyruvate and 
phosphate. Open symbols refer to incubated erythrocytes and closed 
symbols to the control. Dashed lines indicate the osmotic fragility of 
normal fresh erythroeytes. 
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In  conclusion,  the  resul ts  r epor ted  here show t h a t :  a) The 
fer r ihemoglobin  reduc tase  ac t iv i ty  increases largely on in- 
cuba t ion  wi th  I P P ,  and  in par t icu lar  30 days  old e ry tb ro-  
cytes  show, af ter  incuba t ion ,  a veloci ty  of reduc t ion  
which is twice  t h a t  of f resh  cells. However ,  th is  value is 
3 t imes  lower t han  t h a t  ob ta ined  by  incuba t ion  of f resh 
e ry th rocy tes ,  imply ing  t h a t  by  ageing the  reduc tase  
sys tems  are i r revers ib ly  modif ied.  I t  is no t  ye t  clear where  
th is  block is localized, since the  reduc t ion  as a funct ion  of 
t ime of fer r ihemoglobin  reduc tase  ac t iv i ty  of I P P  in- 

cuba ted  red cells depends  no t  only  on the  intr insic  re- 
ductase  sys t em b u t  also on the  ent i re  chain  of enzymes  
and cofactors  in te rposed  be tween  the  subs t r a t e s  appl ied 
and methemoglob in ,  b) The oxygen  aff in i ty  is lowered on 
incuba t ion  wi th  I P P ;  the  value of pl/2 ob ta ined  af ter  re- 
j uvena t ion  is, however ,  the  same for blood of d i f fe rent  
age. c) By  incuba t ion  wi th  I P P ,  the  increased osmot ic  
f ragi l i ty  of o u t d a t e d  blood t ends  towards  the  no rma l  
range,  even t h o u g h  i t  is no t  fully restored.  
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Summary. By using r abb i t  an t i - r a t  t h y m o c y t e  and an t i - r a t  superior  cervical  ganglion sera in cy to tox ic i ty ,  i mmu no-  
f luorescence and  absorp t ion  assays,  it  has  been  shown t h a t  surface m e m b r a n e s  of ra t  t h y m o c y t e s  and  cervical  ganglion 
cells (i.e. per iphera l  ne rvous  t issue cells) con ta in  c o m m o n  ant igenic  de t e rminan t s .  

The b r a i n - t h y m u s  ant igen ~ has  been  desc l ibed  in var ious  
t issues of the  ra t  3,~. The sub jec t  of th is  pape r  is to 
d e m o n s t r a t e  ant igenic  corre la t ion  be tween  the  ra t  t h y m u s  
and  the  ra t  super ior  cervical  ganglion.  
Materials and methods. The s y m p a t h e t i c  superior  cervical  
ganglia were isolated f rom Wis t a r  ra t s  per fused  wi th  
saline. The f rac t ion  which  p r e d o m i n a n t l y  con ta ined  
d i s rup ted  gangl ion cell m e m b r a n e s  and fibril lar s t ruc tures  
was employed  for the  p roduc t ion  of ant i -cervical  gangl ion 
(anti-CG) serum in rabbitsS.  R a b b i t  ant i -CG sera used in 
th is  e x p e r i m e n t  were absorbed  wi th  ra t  e ry th rocy tes ,  
l iver-cell  membranes ,  g lu tara ldehyde- insolubi l ized  se rum 
proteins ,  and  k idney  h o m o g e n a t e  as previously  descr ibed ~. 
Absorbed  ant i -CG sera when  t e s t ed  aga ins t  the  corre- 
sponding  an t igen  exh ib i t ed  a n t i b o d y  t i te rs  be tween  
1:512 and  1:2048 in complemen t - f ixa t ion  reac t ion  7 
using 5 50% haemoly t i c  uni ts  of guinea-pig complement ,  
and p roduced  3 prec ip i t in  lines in double  diffusion in 
0.8% agarose 8. 

T h y m o c y t e s  were separa ted  f rom the  t h y m u s  of saline- 
perfused Wis t a r  ra t s  and puri f ied on Isopaque-Ficol l  a. 
A n t i - t h y m o c y t e  se rum (ATS) was p repa red  in rabb i t s  9 
and  absorbed  in an ident ical  m a n n e r  as descr ibed above 
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hnrnunofluorescence microphotographs, a A section of the rat superior cervical ganglion ( • 300) exposed to anti-rat cervical ganglion serum 
and fluorescein-eonjugate, b A section of the rat cervical ganglion ( • 400) treated with anti-rat thymocyte serum and conjugate, c 2 groups of 
rat thymocytes ( • 800) treated with anti-rat thymocyte serum and conjugate, d 4 specifically fluorescing rat thymoeytes { • 800) exposed to 
anti-rat cervical ganglion serum and conjugate. 


