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Abstract .  Adenohypophysectomy ( h y p o ~ )  was c a r r i e d  ou t  i n  a d u l t  
chickens i n  an at tempt t o  assess what r o l e ,  if any, t he  a n t e r i o r  
p i t u i t a r y  g land p l ays  i n  ma in ta i n i ng  basal l e v e l s  of plasma i n s u l i n  
( I R I )  and avian pancrea t ic  po lypept ide  (APP) bo th  be fo re  and irnme- 
d i a t e l y  a f t e r  a  fast - refeed regimen. Each b i r d  was tube-fed 61 gms 
tw i ce  d a i l y ,  body weights were taken d a i l y ,  and b lood samples drawn 
d a i l y  j u s t  before t h e  second feeding. A l l  b i r d s  were fas ted  f o r  24 
h r  on days 4-5, another b lood sample taken, and then re fed  t h e  
usual g rue l .  Blood samples were taken a t  5,15,30,90 and 180 min 
a f t e r  refeeding. Hypox caused an immediate and susta ined decrease 
i n  plasma I R I  and a  s i g n i f i c a n t  bu t  t r a n s i e n t  increase i n  plasma 
APP which l a s t e d  3-4 days be fore  r e t u r n i n g  t o  normal; plasma g lu -  
cose was m a r g i n a l l y  decreased. Refeeding r e s u l t e d  i n  a  t r e n d  of 
l ess  response ( i nc rease )  i n  a l l  t h r e e  parameters s tud ied  i n  t h e  
hypox group. I t  i s  suggested t h a t  i n  chickens, hypox may lead  t o  a  
re lease  phenomenon f rom a  normal i n h i b i t o r y  r o l e  which t he  a n t e r i o r  
p i  t u i  t a r y  g land p l ays  on APP re1  ease. o 1987 Society for Experimental ~iology 

and Medicine 

I n t r oduc t i on .  The r o l e  which t h e  p i t -  
u i t a r y  g land may p l a y  i n  ma in ta i n i ng  
basal  l e v e l s  as we1 1  as i n  t h e  r a p i d  
e l e v a t i o n  of p l  asma pancrea t ic  po l y -  
pep t i de  i n  human and non-human ve r t e -  
b ra tes  a f t e r  meal e a t i n g  i s  n o t  known. 
As i n  man (11, plasma av ian  pancrea t ic  
po lypept ide  (APP) r i s e s  w i t h i n  minutes 
a f t e r  e a t i n g  t o  l e v e l s  anywhere f rom 
300-500% grea ter  than ove rn igh t  f a s t -  
i n g  l eve l s ,  o n l y  t o  subside somewhat 
and then remain 200-300% e leva ted  over 
a  pe r i od  of several  a d d i t i o n a l  hours 
( 2 ) .  While t he  immediate inc rease i n  
PP represents 15-20% of t h e  t o t a l  
i n t e g r a t e d  response t o  feeding, and i s  
p robab ly  due t o  c h o l i n e r g i c  i n p u t  (3), 
t h e  susta ined response i s  p robab ly  a  
r e s u l t  of a  m i x tu re  of neurogenic 
( d i s t e n t i o n ) ,  gu t  secretagogues (pep- 
t i d e  hormones), n u t r i e n t  absorp t ion  
(ma in ly  amino acids) ,  and metabo l i c  
i npu t s  ( y e t  t o  be e l uc i da ted )  t o  t h e  
PP c e l l  s. Hypophysectomy increases 
l i v e r  l i p i d ,  cho les te ro l ,  f r e e  f a t t y  
acids, phosphol i p i  ds and tri g l yce r i des  
i n  plasma of a d u l t  chickens. The b i r d s  
become obese even though food i n t a k e  

i s  decreased (4 ) .  Because o f  t he  
es tab l i shed  pos t -p rand ia l  r i s e  i n  APP 
(2,5) and t h e  pep t i de ' s  r epo r ted  hypo- 
g lycerolemic,  a n t i - 1  i p o l y t i c  and pos- 
t u l a t e d  l i pogen i c  a c t i o n  i n  chickens 
(6,7), s t ud ies  were c a r r i e d  ou t  i n  
hypophysectomized a d u l t  chickens t o  
e l u c i d a t e  any poss ib l e  r e g u l a t o r y  r o l e  
t h e  p i t u i t a r y  g land might  p lay .  

Methods. Adu l t  female w h i t e  leghorn 
chickens (Rich-Glo Farms, E l  Campo, 
Texas) were mainta ined on a  12:12 h r  
1 igh t :dark  c y c l e  a t  21-2Z°C w i t h  food 
and water ad l i b i t u m .  Su ra i ca l  adeno- -- 
hypophysectomy was perf o;med by an 
o r a l  approach; sham-operated c o n t r o l  
b i r d s  merely had the-  s i t e  exposed. 
A f t e r  surgery, a1 1  b i r d s  were tube-fed 
p e r  os tw i ce  d a i l y  w i t h  61  gm o f  g rue l  
c o n s i s t i n g  of Pur ina  Chicken 1  ayer 
mash (41% food by weight) .  Complete- 
ness of hypophysectomy was judged by 
recovery  o f  t h e  i n t a c t  organ a t  t ime  
of surgery, as we1 1  as by headchecks 
and ovary and ov iduc ta l  t i s s u e  weights 
a t  t ime  of s a c r i f i c e .  Blood samples 
were taken d a i l y  by  an a l a r  v e i n - r i g h t  
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a t r i um  ca the te r  ( o r  sometimes v i a  car -  
d i ac  puncture)  j u s t  before t he  d a i l y  
1430 h r  g rue l  feed ing  (days 1-4), r e -  
p resent ing  7-hr pos tp rand ia l  condi-  
t i o n s .  A f t e r  a  24 h r  f a s t  (day 4-5), 
a1 1  b i r d s  had a  b lood  sample drawn a t  
1430 hr .  They were then  tube-fed t h e  
usual 61  gm o f  gruel-feed. Blood 
samples then were taken a t  e x a c t l y  5, 
15, 30, 90 and 180 min a f t e r  
re feed i  ng, t he  p l  asma separated a t  
4OC, and s to red  f o r  analyses a t  -20°C. 
Imrnunoreactive APP (IRAPP) and i n s u l i n  
( I R I )  were determined on a l l  plasma 
samples i n  t r i p l i c a t e  by es tab l i shed 
methods (8,9). Chicken hormone stan-  
dards and s p e c i f i c  a n t i  bodies were 
g i f t s  of J.R. Kimmel, Univ. o f  
Kansas Medical Center. APP l e a s t  
de tec tab le  concent ra t ion  was 0.176 = 
0.05 ng/ml, in t ra -assay  c o e f f i c i e n t  o f  
var iance was 5.17% and t h e  in te r -assay  
3.21%. Least de tec tab le  concent ra t ion  
of I R I  was 65.8 = 7.3 pg/ml, i n t r a -  
assay c o e f f i c i e n t  of var iance was 
1.26%, and t h e  in te r -assay  5.45%. 
Glucose was determined by a  glucose 
oxidase method (BMC Reag t Set k i t )  
on 25 ml of plasma. A 8  da ta  were 
t r e a t e d  by ana l ys i s  o f  var iance 
(ANOVA) and p-values l e s s  than .05 
were considered s i g n i f i c a n t .  Data a re  
expressed as mean values = SEM. 

Resul ts .  Twenty hypophysectomized 
(hypox), f i v e  a d d i t i o n a l  b i r d s  which 
subsequently proved t o  be p a r t i a l  l y  
hypophysectomized, and n i ne  c o n t r o l  
sham-operated chickens were fo l lowed 
f i v e  days p r i o r  t o  a  t e s t  meal refeed- 
ing.  (The t e s t  meal re feed ing  had 
been shown i n  a  p i l o t  s tudy t o  e l eva te  
plasma APP and glucose l e v e l s  i n  
i n t a c t  chickens t o  t h e  same ex ten t  as 
had been repo r ted  e a r l  i e r  ( 2 )  ) . Dur ing 
t h i s  per iod,  m o r t a l i t y  was g rea tes t  i n  
t h e  hypox b i r ds ,  50% dy ing  by two days 
pos t -opera t i ve .  Such a  su rg i ca l  l o s s  
f o l l o w i n g  complete hypox i n  a d u l t  
chickens i s  w e l l  es tab l i shed i n  t h e  
1  i t e r a t u r e  (and by A.V. Nal bandov, 
personal communication). No deaths 
occurred i n  t h e  o the r  two b i r d  groups 
a l though t h e  venous ca the ters  became 
occluded i n  some b i r ds .  The tw i ce  
d a i l y  g rue l  feedings mainta ined t h e  
body weights of t h e  hypophysectomized 
and sham-operated chickens a t  day ' 0 '  
f a s t i n g  l e v e l s  throughout  t h e  exper i -  
ment. No s i g n i f i c a n t  d i f ferences be t -  

Figure 1. Effects of hypophysectomy on 
basal plasma IRI, APP and glucose levels 
and on the fast-refeeding response in adult 
chickens. All birds were fasted day 4 to 
day 5 and then fed a gruel per os as detailed 
in Methods. Blood samples taken daily pre- 
test feeding, them at five different time 
intervals following feeding. Number of 
observations indicated at bottom, opposite 
data symbols and vertical bars are SEM. 
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depressed (p<.01) e v e r y  day th roughou t  
t h e  f i ve -day  o b s e r v a t i o n  per iod .  I n  
c o n t r a s t ,  IRAPP l e v e l s  were e l e v a t e d  
s i g n i f i c a n t l y  (p<.01) as e a r l y  as day 
1, and remained e l e v a t e d  f o r  a t  l e a s t  
two a d d i t i o n a l  days. By t h e  s t a r t  o f  
t h e  p r e - t e s t  meal f a s t  (days 4-51, 
IRAPP l e v e l s  had r e t u r n e d  t o  normal 
( F i g .  1). P a r t i a l l y  hypox b i r d s  had 
g lucose  and IRAPP values v i r t u a l l y  
i d e n t i c a l  t o  those  of t h e  sham-op 
c o n t r o l  group, w h i l e  t h e  I R I  d a t a  were 
c l o s e  t o ,  o r  s l i g h t l y  above, c o n t r o l  
va lues  d u r i n g  t h e  f i v e  days p reced ing  
t h e  t e s t  meal. 

Refeeding a1 1  t h r e e  groups a f t e r  a  24 
h r  f a s t  r e s u l t e d  i n  hypox plasma 
l e v e l s  of a l l  t h r e e  parameters b e i n g  
r e l a t i v e l y  und is tu rbed  (g lucose  and 
APP) o r  e l e v a t e d  l e s s  ( i n s u l i n )  than  
t h a t  of t h e  sham-op c o n t r o l  and par -  
t i a l l y  a b l a t e d  b i r d s  over  t h e  180 min 
o b s e r v a t i o n  per iod .  The sma l l  number 
i n  each group (N=3,4,5) make i t  impos- 
s i b l e  t o  e s t a b l i s h  s t a t i s t i c a l  s i g n i -  
f i c a n c e  a t  many p o i n t s  b u t  t h e  lower  
t r e n d  of t h e  hypox ch ickens  i s  c l e a r l y  
e v i d e n t  i n  a1 1  parameters analyzed 
( F i g .  1). 

Discuss ion.  The r o l e  o f  t h e  p i t u i t a r y  
g land  i n  r e g u l a t i n g  ( e i t h e r  d i r e c t l y  
o r  by s y n e r g i s t i c  a c t i o n )  m e t a b o l i c  
p a t t e r n s  i n  mammals i s  w e l l  accepted. 
L i p i d  metabol ism i s  p a r t i c u l a r l y  
a f fec ted  by no l e s s  t h a n  f i v e  of t h e  
g l a n d ' s  hormones. Hypophysectomy i n  
b i r d s ,  an ex t reme ly  d i f f i c u l t  t a s k  i n  
a d u l t  forms, leads t o  inc reased  f a t  
depos i t i on ,  obes i t y ,  h e p a t i c  l i p i d  
accumul a t  i o n  and reduced a p p e t i t e  ( 4 ) .  
APP i s  p o s t u l a t e d  t o  s t i m u l a t e  h e p a t i c  
l i p o g e n i c  pathways (6,7,10), thus  a  
reasonable e x p e c t a t i o n  o f  i n t e r p l a y  
between hypophyseal s e c r e t i o n s  and APP 
e x i s t s .  Such an i n t e r a c t i o n  i n  f a s t -  
r e f e d  v e r t e b r a t e s  i s  y e t  t o  be s tud-  
ied .  Also, no d a t a  a r e  a v a i l a b l e  on 
t h e  e f f e c t s  of hypox on basal  l e v e l s  
o f  p a n c r e a t i c  hormones i n  a d u l t  
ch ickens.  

I n  t h e  p resen t  s tudy,  a l l  b i r d s  were 
force- fed t h e  same amount of food 
d a i l y  t o  negate t h i s  parameter as a  
c o n t r i b u t i n g 1  i n t e r f e r i n g  f a c t o r .  The 
amount fed had proved p r e v i o u s l y  t o  be 
an e f f e c t i v e  r e l e a s e r  o f  APP i n  i n t a c t  
a d u l t  ch ickens.  C o n t r a r y  t o  t h e  ob- 

served decrease i n  basal  plasma g l u -  
cose and I R I  b o t h  i n  t h e  fed and t h e  
f a s t e d  s t a t e ,  hypophysectomy caused a  
s i g n i f i c a n t  e l e v a t i o n  i n  IRAPP f o r  a t  
l e a s t  3 t o  4  days. Which of t h e  
absent hypophyseal s e c r e t  i o n s  were 
r e s p o n s i b l e  f o r  t h e  r i s e  i n  APP l e v e l s  
i s  n o t  e v i d e n t  though t h e  prompt r i s e  
i n  t h e  plasma p e p t i d e  would suggest a  
" re lease- type"  mechanism. S t r e s s  of 
many forms i s  known t o  inc rease  PP 
l e v e l s  i n  mammals ( 1 )  b u t  were t h a t  
t h e  case i n  t h i s  study, t h e  two con- 
t r o l  groups would have been expected 
t o  demonstrate a  s i m i l a r ,  t r a n s i e n t  
APP r i s e .  Reat ta inment  o f  normal 
plasma IRAPP l e v e l s  on day 4 and 5  
suggests e i t h e r  a  compensatory 
decrease i n  modu la t ion  by  t a r g e t  g land  
s e c r e t i o n s  o r  a  metabol i c  read jus tment  
o b v i a t i n g  a  "need" f o r  e l e v a t e d  l e v e l s  
o f  APP. Pancrea t i c  somatos ta t in  may 
we1 1  be i n v o l v e d  i n  m o d i f y i n g  plasma 
APP l e v e l s  immediate ly  a f t e r  hypox 
(ll), t h e  D - c e l l  r e g a i n i n g  i t s  f u l l  
s e c r e t o r y - p a r a c r i n e  c a p a c i t y  by  t h e  
f o u r t h  p o s t - o p e r a t i v e  day. Est rogen 
s e c r e t i o n ,  p r i o r  t o  d e t e r i o r a t i o n  of 
t h e  ovary  f o l l o w i n g  s u r g i c a l  a b l a t i o n  
o f  t h e  adenohypophysis, may be respon- 
s i b l e  f o r  t h e  e a r l y  r i s e  i n  IRAPP, 
o n l y  t o  subside as o v a r i a n  t i s s u e  
a t r o p h i e s  concomitant  w i t h  t h a t  of 
o v i d u c t a l  t i s s u e .  Estrogen, 1  i ke 
hypox, i n  ch ickens  i s  known t o  have a  
pronounced l i p o g e n i c  e f f e c t ,  pa r -  
t i c u l a r l y  a t  t h e  l i v e r .  

Hypophysectomy i n  ducks has been shown 
t o  decrease plasma g lucose l e v e l s .  I n  
t h e  absence o f  growth hormone and c o r -  
t i c o s t e r o n e ,  glucagon has reduced 
hyperg lycemia p o t e n t i a l  i n  p i t u o p r i v i c  
ducks. F u r t h e r ,  hypophysectomy 
markedly  lowers plasma f r e e  f a t t y  
a c i d s  and i n s u l i n  l e v e l s  i n  ducks 
(12) .  Thus, t h e  I R I  and g lucose  d a t a  
presented h e r e i n  f o r  hypox ch ickens 
a r e  i n  accord w i t h  observa t ions  made 
i n  ducks. 

Refeeding hypox and sham-op c o n t r o l  
b i r d s  r e s u l t e d  i n  l i t t l e  p e r t u r b a t i o n  
o f  plasma glucose, I R I  o r  APP i n  t h e  
fo rmer  except  a t  t h e  f i r s t  ( 5  min)  
sample i n  t h e  case of APP. Such 
r e s u l t s  c o u l d  r e f l e c t  t h e  reduced 
e f f i c i e n c y  o f  a1 i m e n t a t i o n  known t o  
f o l l o w  hypox; a l t e r n a t i v e l y ,  i t  c o u l d  
r e p r e s e n t  an absence o f  a s e c r e t i o n  
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r e q u i r e d  f o r  e l e v a t i o n  of t h e  anabol i c  
pep t  i de. 

Conclusion. The r e s u l t s  p resen ted  
h e r e i n  i n d i c a t e  a t r a n s i t o r y  i n c r e a s e  
i n  plasma APP due t o  hypophysectomy i n  
a d u l t  ch ickens,  an i n c r e a s e  which i s  
l a r g e l y  o b l i t e r a t e d  a f t e r  a f a s t -  
r e f e e d  of a  t e s t  meal. Whether t h i s  
inc rease  i s  due t o  a r e l e a s e  phenome- 
non and t h e  f a i l u r e  t o  i n c r e a s e  a f t e r  
a  t e s t  meal a  r e s u l t  of t h e  absence of 
a  necessary secretogogue, i s  y e t  t o  be 
i nves t  i gated. 
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