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t u rned  180 ~ so t h a t  the  fea thers  grew anter ior ly ,  making  
ident i f ica t ion of the  graf ts  easier. As anaes the t ic ,  sodium 
pen toba rb i t a l  (i.p. 30 mg/kg) was used dur ing  graft ing.  
E x a m i n a t i o n  of the  graf ts  was no t  a t t e m p t e d  unt i l  1 
week af ter  g ra f t ing  and then  t h e y  were eva lua ted  every  
2 days  dur ing  the  following 7 weeks. A graf t  was  con- 
s idered as re jec ted  when  necrot ic  sh runken  and /o r  c rus ty  
areas appeared .  Autopsies  were pe r fo rmed  on several  Bx  
and  Sh chickens when 12 weeks old. The spleen and  thy -  
mus  were r emoved  and s tored in 10% buffered  formal in  
unt i l  p repared  for histological  examina t ion .  The speci- 
mens  were e m b e d d e d  in paraffin,  sect ioned and  s ta ined  
wi th  haema toxy l ine  and eosin. Careful necropsy  was 
per fo rmed  in search of bursal  t issue r e m m a n t s  in bursec-  
tomized  animals ;  none were found.  
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Per cent skin allograft survival in sham-operated (Sh) and bursec- 
tomized (Bx)/chicken. The difference between the 2 linear regressions 
is highly significant (p % 0.001). 

Effect of bursectomy on skin allograft survival in chickens 

Graft survival 
Group 10 days ' 20 days 30 days 40 days 

Control sham-operated 16/21 12/21 4/21 1/21 
Bursectomized 16/17 10/16 5/14 4/14 

The da t a  f rom all Bx  and Sh birds  are g rouped  toge the r  
in the  table.  Pe rcen tage  skin al lografts  survival  in Sh 
and Bx birds  showed 2 curvil ine funct ions  t h a t  are 
p lo t t ed  semilogar i thmical ly .  The differences be tween  
these  2 l inear regressions are h ighly  s ignif icant  (p < 
0.001 ; figure). 
The ou t s t and ing  fea ture  of splenic morpho logy  was the  
absence of germinal  centers  in the  Bx birds  in con t r a s t  
to the  Sh chickens.  Cross sect ions of the  t h y m u s  showed 
no clear-cut  morphologica l  differences be tween  the  2 
groups.  
Our resul ts  clearly show t h a t  early b u r s e c t o m y  produces  
a de lay  of skin al lograft  reject ion.  This observa t ion  m a y  
imply  an a l te ra t ion  in t h y m u s  funct ion.  The bursa  of 
Fabr ic ius  in the  chicken expor t s  lymphoid  cells to the  
t h y m u s  ear ly  in embryonic  life. The ve ry  early expor t  of 
cells f rom the  bursa  can expla in  the  first  appearance  of 
immunoglobuI in-conta in ing  cells in o the r  l ympho id  or- 
gans, on the  17th to 19th day  of incuba t ion  s. La te  sur- 
gical bursec tomy,  a t  17 days  of incubat ion  s or later,  
leaves open the  cons idera t ion  of possible cellular 6 or 
humora l  in te rac t ions  preced ing  the  opera t ion  t h a t  m a y  
affect  t h y m u s  funct ions.  
In  con t r a s t  wi th  the  resul ts  ob ta ined  af ter  late bursec-  
tomy,  our expe r imen t s  in early bursec tomized  chicken 
suggest  some in te rac t ion  be tween  the  bursa  of Fabr ic ius  
and the  t h y m u s  or o ther  e lements  of the  i mmu n e  sys tem,  
which find the i r  express ion in a delayed re ject ion of skin 
allografts.  
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Summary. E x p e r i m e n t a l  anaemia  resul ted  in an increase of red cell 2 ,3-DPG f rom 0.11 ~zM/g H b  to 0.99 aM in haemo-  
globin A sheep and  f rom 0.21 p.M to 1.5 aM in haemoglob in  B sheep. P roduc t ion  of haemoglob in  C as a result  of anaemia  
was confined to  haemoglobin  A only. The results,  therefore,  appea r  to suggest  t h a t  the  rise in 2 ,3-DPG in the  red blood 
cells of d i f fe rent  haemoglobin  types  is i n d e p e n d e n t  of haemoglobin  C. 

A considerable  a m o u n t  of evidence now avai lable 2-5 in- 
dicates  t h a t  2 organic phospha t e  compounds ,  2,3-di- 
phosphog lyce ra te  (2, 3-DPG) and adenosine  t r i p h o s p h a t e  
(ATP) m ode ra t e  haemoglobin  func t ion  in man.  2, 3-DPG 
causes a concen t ra t ion  d e p e n d e n t  decrease in the  oxygen  
af f in i ty  of haemoglob in  by  its b inding  to specific sites on 
the  fi-chain. A T P  also reduces the  af f in i ty  of haemoglob in  
for oxygen.  However ,  2, 3-DPG is p resen t  in the  e ry thro-  
cy te  in a m u c h  higher  concen t ra t ion  t h a n  A T P  and is, 
therefore,  considered to be more  i m p o r t a n t  in modera t ing  
haemoglob in  oxygen  affinity.  
The re la t ionship  be tween  red cell 2, 3-DPG and  haemo-  
globin func t ion  has been inves t iga ted  in several  mare-  
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m a l i a n  speciesS, L 13ased on  such  s tudies ,  13unn e t  al. ~ 
h a v e  classified m a m m a l s  in to  2 g roups ;  the  f i rs t  group,  
which  con ta ins  t he  m a j o r i t y  of m a m m a l i a n  species tes ted ,  
h a v e  a b u n d a n t  red  cell 2, 3 -DPG and  h a v e  a haem og lob in  
of h igh  oxygen  a f f in i ty  t h a t  is m a r k e d l y  lowered in t he  

p r e s e n c e  of 2, 3-DPG.  The  second g roup  which  includes  
sheep,  goats ,  c a t t l e  a n d  cats ,  is cha rac t e r i zed  b y  low 
levels of red  cell 2, 3 - D P G  a n d  haem og l ob i n s  of low oxy-  
gen a f f i n i t y  which  do n o t  r eac t  s t rong ly  w i th  2, 3-DPG. 
The  lack of i n t e r a c t i o n  of sheep h a e m o g l o b i n  w i t h  2, 3- 
D P G  has  been  exp la ined  on t he  basis  of the  p r i m a r y  
s t r u c t u r e  of t he  h a e m o g l o b i n  molecule  s. There  is a dele- 
t ion  of one amino  acid res idue a t  t he  N - t e r m i n a l  end  of 
t he  E-chain;  th i s  resu l t s  in  a n  increased  i n t r a m o l e c u l a r  
d i s tance  and  p r e v e n t s  2, 3 -DPG f rom fo rming  the  l inkage  
t h a t  s tabi l izes  t h e  d e o x y  confo rma t ion .  
Sheep  h a v e  2 gene t ica l ly  d e t e r m i n e d  h a e m o g l o b i n  types ,  
H b  A and  H b  13. l i b  A has  a g rea te r  a f f in i ty  for molecu la r  
oxygen  t h a n  l i b  t3. H a e m o g l o b i n  A sheep h a v e  a la rger  
b lood volume,  a h igher  h a e m a t o c r i t  a n d  h a e m o g l o b i n  
c o n c e n t r a t i o n  a n d  are more  r e s i s t a n t  to  h y p o x i a  t h a n  
H b  13 t y p e  sheep o. A t h i r d  haemoglob in ,  Fib C, is pro-  
duced  b y  H b  A sheep only. A l t h o u g h  the  a p p e a r a n c e  of 
th i s  h a e m o g l o b i n  is usua l ly  r e l a t ed  to  hypox ic  stress,  t he  
oxygen  aff ini t ies  of l i b  A and  C do no t  differ  s ignif icant ly ,  
i nd ica t ing  t h a t  t he  r epo r t ed  res i s tance  of H b  A t y p e  
sheep to  h y p o x i a  is n o t  due  to  t he  presence  of H b  C 9. 
The  effect  of a n a e m i a  on  the  c o n c e n t r a t i o n  of 2, 3 -DPG in 
t he  red b lood cells of H b  A a n d  l i b  13 t y p e  sheep has  n o t  
been  inves t iga ted .  T he  p r e s en t  s t u d y  was u n d e r t a k e n  to  
p rov ide  i n f o r m a t i o n  on  th i s  sub iec t .  Blood was col lected 
b y  j ugu l a r  v e n e p u n c t u r e  f rom 8 a d u l t  Merino ewes, 4 of 
wh ich  were l i b  A t y p e  a n d  4 H b  B type.  Red  blood cell 
2, 3 -DPG was m e a s u r e d  b y  a n  enzymic  m e t h o d  ~0. 
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Effect of experimental anaemia on the levels of Hb and 2, 3-DPG 
in the red blood cells of Hb A (�9 and Hb B (0) sheep. 

Af te r  n o r m a l  va lues  h a d  been  es tab l i shed  over  a per iod  s t  
severa l  weeks, the  an ima l s  were m a d e  anaemic  by, re- 
m o v a l  of a p p r o x i m a t e l y  600 m l  of b lood on each  of 4 
days,  des igna ted  d a y  0, 1, 2 and  4. The  p r o d u c t i o n  of 
H b  C was m o n i t o r e d  e lec t rophore t ica l ly .  
The  resu l t s  are  shown  in  t he  figure. The  p h l e b o t o m y  re- 
su l t ed  in  a decrease  in t he  h a e m o g l o b i n  level  f rom 10.9g~o 
to 4 . 2 g %  in H b  A a n d  f rom 9 .0g% to 4 . 5 g %  in H b  13 
sheep. Red  cell 2, 3 -DPG levels increased  f rom 0.11 ~zM/g 
H b  to 0,99 ~M in H b  A a n d  f rom 0.21 vM to 1.5 VM in 
H b  B sheep.  H b  C appea red  in the  blood of H b  A sheep 
on ly  a n d  a c c o u n t e d  for a b o u t  50% of t he  t o t a l  haemoglo-  
b in  b y  d a y  20. A br ief  re t icu locytos i s  was  observed  b u t  
a f te r  d a y  17, v i r t ua l l y  no  re t icu locytes  were present .  
I t  has  a l r eady  been  well e s t ab l i shed  t h a t  haemog lob in  
a f f in i ty  for oxygen  is u n a l t e r e d  du r ing  a n a e m i a  in sheep 
of e i t he r  h a e m o g l o b i n  t y p e  11,12. W i t h  r e spec t  to  t h e  effect  
of 2 , 3 - D P G  on h a e m o g l o b i n  func t ion  in sheep, 13unn 
et  al. 7 h a v e  shown  t h a t  w i t h  h a e m o g l o b i n  t h a t  is s t r ipped  
of organic  phospha te s ,  t he re  is a rise in  Ps0 f rom 16 to 
21 m m  Fig in H b  B and  f rom 14 to 17.5 m m  Hg in H b  A B  
sheep in t he  presence  of 1 m M  2, 3-DPG. W h e n  expressed  
as a pe rcen t age  of the  in i t ia l  values ,  t he  rises in 2, 3 -DPG 
values  in  t h e  p r e sen t  i n v e s t i g a t i o n  were a p p r o x i m a t e l y  
800% in H b  A and  600% in H b  t3 sheep. A l t h o u g h  these  
rises seem impressive,  t he  abso lu te  increases  were on ly  
0.0008 mM/g  H b  in l i b  A a n d  0.0012 mM/g  in H b  B 
sheep;  i.e. severa l  h u n d r e d  t imes  smal ler  t h a n  the  va lues  
used b y  B u n n  et  al.L 
An  in t e re s t ing  fea tu re  of the  p r e s e n t  i nves t iga t ion  is t h a t  
t he  r ise in  2, 3 -DPG in t h e  r ed  b lood cells of anaemic  
sheep is s imi lar  in  sheep of d i f fe ren t  h a e m o g l o b i n  t ypes  
and  is a p p a r e n t l y  i n d e p e n d e n t  of H b  C produc t ion .  This  
a s s u m p t i o n  is based  on  t he  fol lowing obse rva t ions  ; f i rs t ly,  
t he  rise in 2 ,3 -DPG was obse rved  in sheep of b o t h  H b  A 
and  H b  B types,  while  t i le p r o d u c t i o n  of H b  C was con- 
f ined to  H b  A sheep  on ly ;  secondly,  t he  rise in  2, 3 -DPG 
was a t  a m a x i m u m  a t  t i le t i m e  w h e n  H b  C was j u s t  be-  
g inn ing  to a p p e a r  in  t he  c i rcu la t ion ;  a n d  th i rd ly ,  2,3- 
D P G  level  r e t u r n e d  to  p r e - e x p e r i m e n t a l  va lues  b y  day  
50, whi le  l i b  C was still  p r e s e n t  in  the  c i rcu la t ion  a f t e r  
d a y  100. 
As sugges ted  b y  13rewer a n d  E a t o n  13, changes  in the  con-  
c e n t r a t i o n  of a g lycolyt ic  i n t e r m e d i a t e  such  as 2, 3 -DPG 
m a y  be  b r o u g h t  a b o u t  in  n o n - n u c l e a t e d  red  cells in 2 
genera l  ways ;  first,  b y  changes  in t he  overa l l  r a t e  of 
glycolysis  and,  secondly,  b y  changes  w i th in  t he  glyco- 
Iytic p a t h w a y ,  for example ,  b y  increas ing  p r o d u c t i o n  or  
decreas ing  d e g r a d a t i o n  of 2, 3-DPG.  Of these  2 possibil i-  
t ies a n  overa l l  change  in g lycolyt ic  r a t e  seems to be more  
l ikely a s  t he re  is no evidence  of a m a j o r  decrease  in the  
levels of o the r  i n t e r m e d i a t e s  (such as ATP)  when  2,3- 
D P G  levels are increased  as a resu l t  of va r ious  hypox ic  
cond i t ions  13. In  t he  p r e sen t  s t u d y  we h a v e  observed  a 
rise in  t h e  n u m b e r  of r e t i eu locy tes  (to a p p r o x i m a t e l y  
17~o) d u r i n g  t he  per iod  of m a x i m u m  rise in  the  level  of 
red cell 2, 3-DPG.  I t  is possible,  therefore ,  t h a t  the  rise in  
2, 3 -DPG was re l a t ed  to  increased  glyeotyt ic  ac t iv i ty  in 
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Methods, p. 96. Grune and Stratton, New York 1971. 
11 G. Van Vliet and TI H. J. Huisman, Bioehem. J. 93, 401 (t964). 
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15. 2. 1977 Speeialia 277 

these  cells. This a s sumpt ion  is, however ,  con t r a ry  to a 
previous  suggest ion t h a t  re t ieuloeytes  have  2 ,3 -DPG 
concen t ra t ions  lower t h a n  those  of ma tu r e  red blood 
ceils ~a. 
W h a t  is the  significance of the  6- to 8fold rise in 2, 3-DPG 
in the  red blood cells of sheep dur ing anaemia  ? The 
answer  to th is  ques t ion  is obscure, a l though  Professor  
G. J. Brewer  (personal communica t ion)  argues t h a t  while 
2, 3-DPG levels m a y  be low and  the  aff ini ty  of the  haemo-  
globin for 2, 3-DPG be reduced  in animals  such as sheep, 
the  aff ini ty  is not zero and an increase in 2, 3-DPG will have  
some effect  on oxygen affinity.  His a rgumen t  seems to be 
s t r eng thened  by  the  in vi t ro  observat ions  of B u n n  et  aLL 
Despi te  a mul t i tude  of s tudies  there  is, as yet ,  no com- 
plete unde r s t and ing  of the  impor tance  of high concen-  
t ra t ion  of 2, 3-DPG in the  red blood cells of some species. 

I t  is known to affect  p H  and  the  D o n n a n  equi l ibr ium 
be tween  the  red cell and p lasma  4, 5. Some workers  have  
pos tu la ted  t h a t  red cell 2, 3-DPG plays  a role in po tas s ium 
t ranspor t ,  possibly by  way  of 2, 3-d iphosphoglycera te  
phosphatase14,15. I t  is of in te res t  to  note  t h a t  the  im- 
ma tu re  red cells in the  blood of anaemic  sheep have  m a n y  
t imes  higher  concen t ra t ions  of po ta s s ium and a m u c h  
grea te r  ac t iv i ty  of sodium po ta s s ium ac t iva ted  adenosine  
t r i phospha ta se  enzyme t h a n  the  ma t u r e  (low potass ium) 
red cells 9. I t  is a p p a r e n t  t h a t  fu r the r  eva lua t ion  of the  
possible mechan i sms  rela t ing hypoxia ,  red blood cell 
glycolytic ra te  and concen t ra t ion  of 2 ,3 -DPG is re- 
quired.  

14 G. Gardos, Experientia 23, 19 (1967). 
15 J.C. Parker, J. Clin. Invest. 48, 117 (1969). 
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Summary. In jec t ion  of c a d m i u m  chloride in toad  increased Leydig  cell size (area) and As-3/%hydroxysteroid dehydro-  
genase ac t iv i ty  in t he  test is .  

Spermatogenic  a r res t  due  to c a d m i u m  injec t ion  in rat" ,  
micea, bird ~ and toad5 has been noted  by  m a n y  inves- 
t igators .  Gunn  et  al 6, 7 have  repor ted  t h a t  c a d m i u m  ad- 
min i s t ra t ion  in ra ts  and mice developes in ters t i t ia l  cell 
t u m o r  (ICT) in test is .  A single subcu taneous  inject ion of 
c admium  sal t  also causes h y p e r t r o p h y  of the  Leydig cells 
in pigeon 8. To the  bes t  of our knowledge,  the  effect  of 
c a d m i u m  on the  Leydig  cells of h ibe rna t ing  amph ib ians  
has no t  ye t  been s tudied.  
The presen t  work has been  t aken  up to s t u d y  the  his to logy 
of the  Leydig ceils and  the  ac t iv i ty  of enzyme A5-3/3 - 
hyd roxys t e ro id  dehydrogenase  (Js-3f i -HSD) in cadmium-  
t r ea t ed  toad  testis .  
15 male toads  (Bufo melanost ic tus)  of average weights  
f rom 55 to 60 g were used in the  p resen t  expe r imen t s  
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Fig. 1. As-3fl-hydroxysteroid dehydrogenase in the testis of normal Fig. 2.~ls-3/~-hydroxysteroid dehydrogenase in the testis of cadmium- 
toad. • 96. treated toad. • 96. 


