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t i on  w i t h o u t  m e m b r a n e  damage ,  s imi la r  to  t h a t  caused  b y  
reserpine,  a m p h e t a m i n e  or  Ro-4-1284 ~, wh ich  was mini -  
mized  b y  a d d i n g  glucose (5 m M )  to  t he  m ed i um.  As 
i l l u s t r a t ed  in  F igure  1, no t  on ly  t h e  p la t e l e t s  b u t  also t h e  
a m i n e - c o n t a i n i n g  granules  i so la ted  f rom p la te l e t s  were  
found  to l ibe ra te  se ro ton in  in t he  p resence  of t i ssue  e x t r a c t  
or oleic acid.  However ,  in  c o n t r a s t  to  t he  s i t u a t i o n  w i t h  
pla te le ts ,  such  a release of se ro ton in  f rom iso la ted  
granules  was  no t  i n h i b i t e d  b y  glucose (5.5 m M ) .  W i t h  
p la t e l e t  suspens ions  (1-4 • 107 cells per  ml), t he re  exis ts  
a s to ich iomet r i c  r e l a t ionsh ip  be t w een  p la t e l e t  c o u n t  and  
t h e  c o n c e n t r a t i o n  of t he  t i ssue  e x t r a c t  or of oleic acid 
needed  to  release se ro ton in  (Figure  2) whi le  t he  dose- 
effect  cu rve  on t he  isola ted granules  of d i f fe ren t  popula -  
t ion  d e m o n s t r a t e d  t h a t  i sola ted granules,  co r re spond ing  
to  107-10 s p la te le t s  pe r  ml, showed nea r ly  comple t e  loss of 
se ro ton in  even  b y  low c o n c e n t r a t i o n  of t he  e x t r a c t  or  
oleic acid wh ich  cause  less t h a n  50% l ibe ra t ion  of t he  
p la te le t  se ro ton in .  T he  se ro ton in  release b y  t h e  e x t r a c t  or 
oleic acid f rom p la te le t s  is t e m p e r a t u r e - d e p e n d e n t ,  t he  
g rea te r  release occured on  i n c u b a t i o n  a t  37 ~ far  less a t  
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Fig. 2. Relationship between platelet count and dose of the purified 
alkaline kidney extract to induce a certain extent of serotonin release. 
Various counts of platelets (ordinate) were incubated with specified 
doses of the extract (abscissa). Rso , R75 and R100 indicate 50, 75 and 
100~ release of serotonin respectively. 

20~ a n d  p rac t i ca l ly  no release a t  4~ I n  con t r a s t ,  
i so la ted  granules  show no  such  t e m p e r a t u r e - d e p e n d e n c y .  

Mannose  was found  to  be  t he  on ly  sugar  wh ich  showed  
a n  i n h i b i t o r y  effect  l ike glucose on  se ro ton in  release f rom 
p la t e l e t s ;  galactose,  xylose, f ructose,  2-deoxyglucose,  
sod ium p y r u v a t e ,  g lucose-6-phospha te ,  2 , 4 -d in i t r opheno l  
a n d  m o n o i o d o a c e t a t e  h a d  l i t t le  effect.  T h e r e  a p p e a r e d  to  
be  no  me tabo l i c  bas is  for  t he  ac t ion  of glucose in i n h i b i t i n g  
t he  se ro ton in- re leas ing  m a t e r i a l  a n d  oleic acid since l i t t l e  
v a r i a t i o n  in t he  glucose i n h i b i t o r y  effect  was  obse rved  
b e t w e e n  p H  6 to  8. However ,  t he  glucose i n h i b i t i o n  effect  
is ve ry  l ikely to be  a c o m p e t i t i v e  one (Ki = 1.4 • 10 42V/). 
I t  is i n t e r e s t i ng  t h a t  glucose s t i m u l a t e s  u p t a k e  of x4C- 
oleic acid (unpub l i shed  da ta) .  Clearly,  th i s  effect  of 
glucose a n d  t he  i n t e r a c t i o n  of i n c o r p o r a t e d  f a t t y  acids 
w i t h  b o t h  a m i n e - c o n t a i n i n g  granu les  a n d  t h e  p la t e l e t  
m e m b r a n e  requi res  de ta i l ed  s tudy .  

Zusammen/assung. Der  H a u p t a n t e i l  Se ro ton in  frei- 
s e t zenden  Mater ia l s  in  a lka l i schen  G e w e b s e x t r a k t e n  er- 
weis t  s ich als e in  Gemisch  unges / i t t i g t e r  Fe t t s / iu ren ,  
welche  die A n r e g u n g  der  S e r o t o n i n a u s s c h i i t t u n g  y o n  
Blu tp l~ t t t chen  bewirken .  
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The I m m u n e  Suppress ive  Effect of Hypoxia  on Chicken E m b r y o s  

I n  a p rev ious  r epo r t  we p resen ted  d a t a  sugges t ing  t h a t  
a n  e ry th ropo ie t i c  s t imulus  (hypoxia)  and  an  i m m u n o g e n i c  
s t imulus  m a y  affect  d i rec t ly  t he  d i f f e ren t i a t ion  of a 
c o m m o n  p lu r i po t en t i a l  s t em cell in adu l t  r abb i t s ,  a n d  t h a t  
a h o m e o s t a t i c  ba l ance  m a y  exis t  be t w een  t he  two dif- 
f e r en t i a t ed  ceil lines, e r y t h r o c y t e s  and  i m m u n o c y t e s  1. 
Based  on  these  experiences,  we reasoned  t h a t  if t he  effect  
is indeed  a cell d i f f e r en t i a t i on  s t imulus ,  one should  f ind 
i n t e r e s t i ng  responses  in  a deve lop ing  e m b r y o  whose  im- 
m u n e  s y s t e m  is sti l l  i m m a t u r e .  I r e p o r t  here  some observa-  
t ions  on  t he  d ras t i c  suppress ion  of t he  i m m u n e  response  
in the  ch icken  e m b r y o  sub jec t ed  to h y p o x i a  in  a hypo-  
bar ic  c h a m b e r .  

?/laterials and methods. W h i t e  Leghorn  ch icken-embryos ,  
16 days  old, were exposed  for 30 h to a 12,500 f t  (3800 m) 
s i m u l a t e d  a l t i t ude  in a h y p o b a r i c  chamber .  T he  a l t i t ude  
to le rance  (ha tchab i l i ty )  of t he  e m b r y o s  was d e t e r m i n e d  in 
a p r e l i m i n a r y  e x p e r i m e n t  2. U n d e r  t he  a b o v e  condi t ions ,  
70% of t h e  eggs ha t ched .  Fo r  compar i son ,  1-week-old 
chicks were also exposed to  t he  same  a l t i t ude  for 72 h. 

A n o t h e r  g roup  of chicks  received a suppress ive  an t i s e rum,  
m a d e  aga ins t  t he  E. coli ant igen ,  5 days  pr io r  to  im-  
mun iza t i on .  

The  chicks  were i m m u n i z e d  a t  age 7 days  w i t h  a 
soma t i c  E. coli ant igen .  10 chicks f rom each  g roup  were 
sacr i f iced a t  age 10 days  for assays.  The  cel lular  i m m u n e  
response  was  m e a s u r e d  b y  t he  JERNE p l aque - fo rming  cell 
(PFC) t e s t  in  the  spleen a n d  b u r s a  3. The  h i g h e s t  P F C  
n u m b e r s  were found  cons i s t en t ly  on  t he  t h i r d  day  follow- 
ing i m m u n i z a t i o n ,  therefore ,  in  t he  resu l t s  be low t h e  
P F C  tes t s  are all c o m p a r e d  a t  t h a t  t ime.  A more  de ta i l ed  
accoun t  of t he  t e m p o r a l  r e l a t ionsh ip  of t he  i m m u n e  a n d  
e ry th ropo ie t i c  responses  in  ch icken  e m b r y o s  will be  pre-  
sen ted  in a n o t h e r  pub l i ca t ion .  D e l t a  a m i n o  levuliniC ac id  
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d e h y d r a s e  (DALAD) ac t iv i ty ,  as a measu re  of e ry th ro -  
poie t ic  ac t iv i ty ,  was  d e t e r m i n e d  fol lowing MAUZERALL 
a n d  GRANICK 4. H e m o g l o b i n  a n d  h e m a t o c r i t  measure -  
m e n t s  s u p p l e m e n t e d  D A L A D  a c t i v i t y  m e a s u r e m e n t s  to  
follow the  re la t ive  c h a n g e  in e r y t h r o c y t e  level  in  t he  
hypox i c  a n d  n o r m a l  chicken.  

Results and discussion. Al t i t ude  exposure  in  t he  em- 
b r y o n i c  age resu l ted  in a d ras t i c  suppres s ion  of t h e  im- 
m u n e  response  in t he  y o u n g  chicks (Table  I). T he  suppres-  
s ion was as effect ive  as t h a t  caused  b y  t he  a d m i n i s t r a t i o n  
of pass ive  A b  to  n o r m a l l y  h a t c h e d  a n d  i m m u n i z e d  chicks.  
I n  con t ras t ,  w h e n  t h e  a l t i t ude  s t ress  was  appl ied  to  1- 
week-old  chicks,  i m m u n e  response  was n o t  suppressed,  
a l t h o u g h  decreased  c o m p a r e d  to  g round- leve l  i m m u n i z e d  
chicks  (Figure).  

Table I. Immune response of chicks exposed to a hypoxic stress 
during embryonic development 

Group Treatment PFC/IO ~ cells 
Spleen Bursa 

1 Altitude 2 4- 2.0 2 4- 2.0 
2 Suppressive Ab 10 4- 8.0 4 4- 4.0 
3 Immunized Control 440 4- 10.1 102 4- 160 
4 Normal Control - 16 
5 Altitude Control 4 4- 2.0 20 

PFC = Ab plaque forming cells. 7-day-old chicks were immunized. 

Table II. DALAD activity in chicks exposed to a hypoxic stress 
during embryonic development 

Group Treatment DALAD activity 
Spleen Liver 

Altitude and immunized 0.150 4- 0.005 
Suppressive Ab 0.112 4- 0.04 
Immunized Control 0.130 4- 0.02 
Normal Control 0.110 4- 0.04 
Altitude Control 0.145 4- 0.005 

0.512 4- 0.008 
0.388 4- 0.03 
0.520 i 0.05 
0.414 4- 0.02 
0.520 -t- 0.05 

DALAD activity = / tM porphobilinogen/g tissue in 1.5 h. 

I t  is i n t e r e s t i ng  to  no te  t he  a p p a r e n t  h o m e o s t a t i c  
ba l ance  b e t w e e n  t he  cel lular  i m m u n e  response  a n d  
D A L A D  ac t iv i ty .  W h e n  t he  i m m u n e  response  was sup-  
pressed,  e i t he r  b y  t h e  a p p a r e n t  lack of i m m u n o c o m p e -  
t ence  in t h e  ch i cken  e m b r y o  or b y  pass ive  Ab  in t h e  
y o u n g  chick,  t he  hypox i c  s t imu lus  increased  D A L A D  
a c t i v i t y  as m u c h  as in  the  a l t i t ude  con t ro l  g roup  (Table i I ,  
Figure) .  However ,  w h e n  t he  s i m u l t a n e o u s  a l t i t ude  t r ea t -  
m e n t  a n d  i m m u n i z a t i o n  p roduced  a n  i m m u n e  response  
(in t he  1-week-old chick),  t he  increase  in D A L A D  ac t i v i t y  
was m u c h  reduced  (Figure).  

These  resu l t s  p rov ide  a n  ind i r ec t  s u p p o r t  for t he  t h e o r y  
t h a t  t he  cells of the  e ry th ropo ie t i c  a n d  i m m u n e  responses  
m a y  deve lop  f rom a c o m m o n  p lu r i po t en t i a l  s t em cellS-< 
I n  the  16-day-old ch icken  e m b r y o  i m m u n o c o m p e t e n c e  is 
lacking.  Th i s  m a y  be  due  to t he  lack of d i f f e ren t i a t ion  of a 
p l u r i p o t e n t i a l  s t em cell i n to  i m m u n o c y t e .  The  hypox ic  
s t imu lus  app l ied  a t  th i s  s tage of d e v e l o p m e n t  m a y  h a v e  
c o m m i t t e d  cell d i f f e ren t i a t ion  in to  t he  rou te  t h a t  h a d  
a l r eady  been  deve loped  (e ry th ro id  cell d i f ferent ia t ion) ,  
t h u s  t e m p o r a r i l y  b lock ing  or  de lay ing  i m m u n e  m a t u r a -  
t ion.  

The  h o m e o s t a t i c  ba l ance  obse rved  be tween  i m m u n e  re- 
sponse  a n d  e ry th ropo ie t i c  response  in t he  y o u n g  chick  also 
appea r s  to  s u p p o r t  t h e  c o m m o n  or igin of e ry th rocy t e s  a n d  
i m m u n o c y t e s .  T h e  s i m u l t a n e o u s  i m m u n o g e n i c  a n d  
hypox ic  s t imu l i  m a y  h a v e  caused  a compe t i t i ve  d e m a n d  
for r e p o p u l a t i n g  va r ious  d i f f e r en t i a t ed  s tages  of the  2 cell 
l ines f rom the  c o m m o n  p lu r i po t en t i a l  s t em cell pool. This  
m a y  h a v e  caused  t h e  r e l a t ive ly  r educed  increase  in im-  
m u n e  response  and  D A L A D  a c t i v i t y  u n d e r  the  s imul-  
t a n e o u s  h y p o x i c  a n d  i m m u n o g e n i c  s t imul i  as compared  to  
t h e  single s t imul i .  

I n  s u m m a r y ,  a hypox i c  shock can  suppress  t he  i m m u n e  
response  of ch icken  e m b r y o s  and  reduce  t he  i m m u n e  re- 
sponse  of I -week-old  chicks.  H y p o x i a  (a l t i tude  t r e a t m e n t )  
t h u s  m a y  p rov ide  means  for  r egu la t i ng  t h e  i m m u n e  
response  9. 

Zusammen/assung. Die I m m u n r e a k t i o n  v o n  Hi ihner -  
e m b r y o n e n  k o n n t e  d u r c h  s t imu l i e r t e  H 6 h e n b e h a n d l u n g  
(hypox i sche r  Stress) u n t e r d r i i c k t  werden,  w~Lhrend die 
I m m u n r e a k t i o n  yon  J u n g h i i h n e r n  n i c h t  bee inf luss t  
wurde .  Dies m a c h t  wahrsche in l ich ,  dass  H y p o x i a  die 
Di f fe renz ie rung  p lu r ipo ten t i e l l e r  S t a m m z e l l e n  nach  Im-  
m u n o z y t e n  ve rh inde r t .  

R. P. TENGERDY 
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Comparison of the immune response and erythropoietic response of 
1-week-old chicks, subjected to hypoxia. 
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