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l on g i t ud ina l  layer .  Fol lowing 5 - O H D A  b o t h  large a n d  
smal l  vesicles c o n t a i n e d  h i g h l y  e lec t ron-dense  m a t e r i a l  
wh ich  filled t h e  en t i re  vesicle (figure 1)s. T he  d i a m e t e r s  
of these  vesicles were g rea t e r  t h a n  those  of con t ro l s  
(control~ 50 =k 6 nm,  5=OHDA: 52 :k 5 nm,  m e a n  d i am-  
e te r  • S.D., n = 60) conf i rming  p rev ious  obs e r va t i ons  s. 
F igure  2 shows t he  pe rcen t age  of SGV's  in  adrenerg ic  
ne rves  in t h e  l ong i t ud i na l  muscle  layer  of t he  vas  deferens  
a t  va r ious  t imes  a f t e r  t i le  f inal  a d m i n i s t r a t i o n  of 
5-OHDA.  A t  1-3 h 8 0 - 9 0 %  of t he  smal l  synap t i c  vesicles 
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Fig. 2. Graph showing the change in the SGV percentage in adrener- 
" hie nerve terminals in the outer longitudinal muscle layer of the 

guinea-pig vas deferens after administration of 5-OHDA. Ordinate: 
SGV percentage, abscissa: time (days). Vertical bars represent 1 SD 
(variability among different tenninals). The value at time zero 
represents the control (continuous line) and its SD (broken line). 

were of t he  g r a n u l a r  t y p e  as c o m p a r e d  to 19% in controls .  
A t  these  t imes  t he  large g r a n u l a r  vesicles were also 
loaded.  I n  t ime  t he  p e r c e n t a g e  of SGV's  s tead i ly  decl ined 
un t i l  a t  10 days  t he  p e r c e n t a g e  of SGV's  was s imi la r  to  
t h a t  of cont ro l s  (figure 2). Pa ra l l e l  to  t he i r  decl ine in 
n u m b e r  t he  SGV's  showed  less p r o m i n e n t  granules  and  
comple t e ly  filled vesicles b e c a m e  rare.  The  pe rcen t age  of 
large g r anu l a r  vesicles showing  e n h a n c e d  g r a n u l a t i o n  
decreased  a t  24 h a n d  were r a re ly  encoun t e r ed  a t  48 h 
whereas  t he  pe rcen t age  of SGV's  w i t h  comple t e ly  filled 
m a t r i x e s  b e g a n  to decrease  a t  72 h and  few were encoun-  
t e red  a t  144 h. 
Fol lowing 5 -OHDA the  qua l i t a t i ve  changes  in the  g ranu-  
l a t ion  of the  synap t i c  vesicles in adrenerg ic  nerves  in  t he  
c i rcular  l ayer  were s imi la r  to  those  in  t he  l ong i tud ina l  
layer,  a l t h o u g h  in the  f o r m e r  t he  decl ine in t h e  SGV 
n u m b e r s  t ook  place more  slowly;  th i s  is t rue  for b o t h  t he  
large a n d  smal l  s y n a p t i c  vesicles. A t  72 h SGV's  h a v i n g  
comple t e ly  filled m a t r i x e s  were f r e q u e n t l y  encoun te red  
in t he  c i rcular  layer  b u t  r a re  a t  th is  t i m e  in the  longi tu-  
d ina l  layer.  
T r e a t m e n t  of an ima l s  w i t h  reserp ine  (Sigma, 2.5 m g / k g  in 
1 ml  isotonic  saline c o n t a i n i n g  20% L-ascorba te ,  i.p.) 24 
and  4 h before 5 - O H D A  resu l ted  in a m u c h  lower 
(20-30%)  pe rcen tage  of SGV's  t h a n  a f t e r  5 -OHDA alone. 
Paradox ica l ly ,  however ,  in  an ima l s  g iven  reserpine a lone 
(2.5 m g / k g  24 and  4 h before  dea th)  a l t h o u g h  t he  ma-  
j o r i t y  o5 smal l  vesicles h a d  no  core, 5 - 1 0 %  h a d  e lec t ron-  
dense  m a t r i x e s  which  en t i r e ly  filled t he  vesicle. 
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Summary. Surgical  b u r s e c t o m y  in ch icken  a t  62 h of i n c u b a t i o n  p roduces  a de lay  in sk in  a l lograf t  re jec t ion,  whereas  
l a t e r  b u r s e c t o m i z e d  ch ickens  show n o r m a l  r e j ec t ion  t ime .  I t  is p roposed  t h a t  t he  B u r s a  of F a b r i c i u s  in  ear ly  s tages  of 
d e v e l o p m e n t  inf luences  the  d e v e l o p m e n t  of cel lular  i m m u n i t y .  

The  p r i m a r y  l y m p h o i d  o rgans  in t he  ch icken  are t he  
t h y m u s  a n d  t h e  b u r s a  of Fabr ic ;us .  B o t h  are l y m p h o -  
ep i the l ia l  o rgans  where  d e v e l o p m e n t  of l y m p h o i d  s t e m  
cells in to  T a n d  B l y m p h o c y t e s  r e spec t ive ly  occur.  The  
t h y m u s  is r espons ib le  for t h e  ce l l -media ted  i m m u n i t y  
m e c h a n i s m s  such  as g r a f t  re jec t ion,  a n d  in add i t i on  t h y -  
mus  de r ived  cells can  ac t  as suppressor  or  he lpe r  cells in 
a n t i b o d y  p roduc t ion .  L a t e  surgical  bu r s ec t om y ,  chemica l  
or h o r m o n a l  p rocedures  h a v e  been  appl ied  to  d e t e r m i n e  
t he  role of t he  bursa .  Chickens  in w h i c h  t he  b u r s a  has  
n e v e r  func t ioned  are u n a b l e  to  p roduce  a n t i b o d y .  The  
resu l t s  of surgical  b u r s e c t o m y  v a r y  w i t h  t he  age of t he  
an ima l s  w h e n  b u r s e c t o m y  is pe r fo rmed .  I t  h a s  been  
s h o w n  t h a t  b u r s e c t o m y ,  if n o t  c o m b i n e d  w i t h  s u b l e t h a l  
i r r ad ia t ion ,  m u s t  be  p e r f o r m e d  before  t h e  18 th  d a y  of 
i n c u b a t i o n  to  r e su l t  in  comple te  a g a m m a g l o b u l i n e m i a  
a n d  lack of p l a s m a  cells a n d  ge rmina l  cen te r s  2. 
Surgical  b u r s e c t o m y  a t  h a t c h i n g  does n o t  m e a s u r a b l y  
inf luence  cel lular  immuno log i ca l  func t ions  8, a. Cons ider ing  
t h a t  t he  b u r s a  expo r t s  cells to  t he  t h y m u s  ear l ier  in 
e m b r y o n i c  life, i t  is possible  t h a t  t h y m u s  func t i on  is af- 
fec ted  b y  t he  bursa .  
The  a im  of t he  p r e s e n t  p a p e r  was  to e s t ab l i sh  w h e t h e r  
ve ry  ear ly  surgical  b u r s e c t o m y  b y  imped ing  cell m i g r a t i o n  
or  o t h e r  ea r ly  h u m o r a l  i n t e r ac t i ons  b e t w e e n  b u r s a  a n d  
t he  t h y m u s  can  in f luence  t he  d e v e l o p m e n t  of cell med i -  
a t ed  i m m u n i t y  mechan i sms .  

Hy- l ine  fert i le  ch icken  eggs were m a i n t a i n e d  a t  38.5 ~ in 
a forced a i r  i n c u b a t o r . - A l l  e m b r y o s  were surgical ly  
bu r sec tomized  or s h a m - o p e r a t e d  a t  62 h of i n c u b a t i o n  
(stage 17 H a m b u r g e r - H a m i l t o n )  5. Surgical  b u r s e c t o m y  
was pe r fo rmed  u n d e r  asept ic  cond i t ions  b y  ab l a t i on  of 
t he  ta i l  b u d  cauda l ly  to  t h e  leg buds ,  accord ing  to t he  
t e c h n i q u e  descr ibed b y  F i t z s i m m o n s  e t  al.% S h a m -  
ope ra t ions  were done  fol lowing t he  s ame  surgical  s teps  
w i t h  t h e  excep t ion  of b u r s a  ab la t ion .  In  all, a t o t a l  of 17 
successful ly  bu r sec tomized  (Bx) and  21 s h a m - o p e r a t e d  
(Sh) ch icken  e m b r y o s  were used  in these  exper iments .  
The  ch i ckens  were sk in -g ra f t ed  w i t h i n  24 h of ha t ch ing .  
Fu l l - t h i ckness  grafts ,  10 x 10 m m  in size, were r e m o v e d  
f rom middor sa l  region of ch i cken  donors  and  p laced  in 
s imi lar  si tes on  each  B x  a n d  S h  chicken.  His toac ry l  was 
appl ied  to ho ld  t he  graf t s  in  place. The  t r a n s p l a n t s  were 
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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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