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Fig. 1. The effect of an i.v. infusion of theophylline (TH) (6 mg/kg 
over 20 min) and supplementary dose of secretin (SN) (4 U/20 min) 
on output of protein (above) and flow rate (below) of pancreatic 
juice (=~: S. E.). Throughout each experiment, background pancreatic 
secretion was maintained by continuous i.v. infusion of secretin 
(11.6 U/h) and PZ (24 U/kg/h). For statistical evaluation of the effects 
of theophylline and the supplementary dose of SN, values obtained 
in the 15 min period preeeeding the infusions were compared (t-test 
for paired values) with the values obtained in the second period 
after the beginning of the infusion. 

f ind ing  t h a t  t h e o p h y l l i n e  did  no t  cause  a n y  s ign i f ican t  
change  in t he  flow r a t e  of p a n c r e a t i c  juice m a y  be  t h a t  
f low ra te s  s t i m u l a t e d  b y  a con t inuous  dose of SN, were 
a l r eady  a t  m a x i m a l  levels. To d e t e r m i n e  if t he  flow ra te  
of p a n c r e a t i c  juice was indeed  max ima l ,  t he  dose of SN 
was doub led  for a per iod  of 20 rain,  2-3  h a f t e r  t he  
in jec t ion  of theophy l l ine .  This  s u p p l e m e n t a r y  dose of 
SN d id  no t  resu l t  in  a n y  s ign i f ican t  change  in e i the r  flow 
r a t e  (p > 0.05) or p r o t e i n  o u t p u t  (p > 0.1) of p a n c r e a t i c  
juice (Figure 1). This  suggests  t h a t  t he  f low rate ,  p r io r  
to  t h e  a d m i n i s t r a t i o n  of t heophy l l i ne  was max ima l .  U n d e r  
the  e x p e r i m e n t a l  cond i t ions  descr ibed  in th i s  paper ,  i t  
would a p p e a r  t h a t  i.v. a d m i n i s t r a t i o n  of t h e o p h y l l i n e  
enhances  t h e  p a n c r e a t i c  p ro t e in  s t i m u l a t i n g  effect  of PZ,  
and  t h a t  th i s  effect  is no t  d e p e n d e n t  on  increased  flow 
ra te .  

I n  5 ou t  of 6 exper imen t s ,  peps in  o u t p u t  was increased  
in response  to  theophy l l ine ;  and  in all  e x p e r i m e n t s  in 
response  to t he  s u p p l e m e n t a r y  dose of SN. The  resu l t s  
of one e x p e r i m e n t  are s h o w n  in F igure  2. 

On t h e  basis  of t h e  k n o w n  ac t ion  of t h e o p h y l l i n e  on  
t h e  cyclic A M P  sys t em 2, the  above  ev idence  suggests  
t h a t  cyclic A M P  m a y  be i nvo lved  in m e d i a t i n g  t he  pan -  
crea t ic  ac t ion  of P Z  and  t he  peps in  s t i m u l a t i n g  ac t ion  
of SN. 
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Fig. 2. The effect of an i.v. infusion of theophylline (TH) (6 mg/kg 
over 20 min) and a supplementary dose of seeretin (SN) (4 U/20 min) 
on the output of pepsin. Throughout the experiment continuous i.v. 
infusions of secretin (11.6 U/h) and PZ (24 U/kg/h) were maintained. 

Rdsumd. Chez le chat ,  l ' i n j ec t ion  i n t r av6neuse  de th@o- 
phy l l i ne  qui, c o m m e  on suit, p r o d u i t  une  accumula t i on  
de I ' A M P  cyclique,  a u g m e n t e  aussi  l ' e f fe t  de la pancr6ozy-  
mine  sur  la p r o d u c t i o n  des pro t6 ines  panc r6a t i ques  et  de 
la s6cr6tine sur  celle de la pepsine.  
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Dispos i t ion  of the Portal  Vesse l s  of the Avian Pitui tary in Relat ion to the Median Eminence  and the 
Pars  Distal is  

The  exis tence  of d i s t i nc t  an t e r i o r  and  pos te r ior  groups  
of h y p o p h y s i a l  p o r t a l  vessels ha s  r ecen t ly  been  demon-  
s t r a t e d  in t he  wh i t e - c rowned  sparrow,  Zonotrichia leuco- 
phrys gambelii ~. The a n t e r i o r  g roup  of por t a l  vessels 
o r ig ina tes  f rom t h e  p r i m a r y  cap i l la ry  p lexus  in  t h e  
an t e r i o r  d iv is ion  of t h e  m e d i a n  eminence  a n d  t he  pos te r ior  
group of p o r t a l  vessels o r ig ina tes  f rom t he  p r i m a r y  capil-  
l a ry  p lexus  in  t h e  pos te r io r  d iv is ion  of t h e  m e d i a n  
eminence .  The  an t e r i o r  a n d  pos te r io r  groups  of p o r t a l  
vessels b r a n c h  in to  t h e  s inusoids  of t h e  cephal ic  and  
cauda l  lobes of t he  pars  dis ta l is  respect ively .  I t  is pos- 
t u l a t e d  t h a t  th i s  reg iona l  d i s t r i b u t i o n  of p o r t a l  vessels 
in  t he  wh i t e - c rowned  spa r row prov ides  t he  a n a t o m i c  
basis  for i nd iv idua l  neu roendoc r ine  cont ro l s  b y  t he  
an t e r io r  and  pos te r ior  d iv is ions  of t he  m e d i a n  eminence  

over  t he  cephal ic  a n d  cauda l  lobes of t he  pars  dis ta l is  ~. 
I n  a r ecen t  s tudy ,  we h a v e  d e m o n s t r a t e d  t he  presence  of 
d i s t inc t  a n t e r i o r  and  pos te r io r  groups  of p o r t a l  vessels 
supp ly ing  respec t ive ly  t h e  cephal ic  a n d  cauda l  lobes of 
t he  pa r s  d is ta l i s  in 15 species of b i rds  and  suggested  t h a t  
th i s  t y p e  of a r r a n g e m e n t  m a y  be widespread  a m o n g  
b i rds  3 

i A. VxTuMs, S. MIIr A. OKSCHE and D. S. FARNER, Z. Zell- 
forseh. 64, 541 (1964). 

2 D. S. I:?ARNER, F. ]~. WILSON and A. OKSCH% in Neuroendocrinology 
(Ed. L. MARTINI and W. F. GANONG; Academic  Press, N e w Y o r k  
1967), voI. 2, p. 529. 
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I n  t he  course of a s t u d y  on  t he  c o m p a r a t i v e  a n a t o m y  
of t he  a v a i n  p i t u i t a r y  g l a n d  4, we h a v e  obse rved  t h e  
presence  of d is t inc t ,  non - in t e r connec t ed ,  a n t e r i o r  an d  
pos t e r io r  groups  of p o r t a l  vessels in over  30 species of 
birds ,  be long ing  to  9 orders.  The  p r i m a r y  cap i l l a ry  p lexus  
fo rms  a dense  cover ing  on  t he  v e n t r a l  surface  of t h e  
m e d i a n  eminence .  I n  species l ike  Passer  domest{cus Linn.  
(Figure  1), Lonchura  malacca Linn. ,  Psi t tacula  cyano- 
cephala Linn .  a n d  U p u p a  epops Linn. ,  t he re  are d is t inc t ,  
t h o u g h  to  some e x t e n t  i n t e r c o n n e c t e d  a n t e r i o r  a n d  
pos te r io r  p r i m a r y  cap i l la ry  p lexus  in t he  m e d i a n  eminence .  
I n  o thers ,  e.g., Acridotheres tristis Linn . ,  S turnus  conlra 
Linn. ,  Turdoides malcolmi Sykes  a n d  Merops  ph i l i pp i n u s  
Linn. ,  t he  p r i m a r y  cap i l l a ry  p lexus  is und iv ided .  I r re-  
spec t ive  of w h e t h e r  the  p r i m a r y  cap i l l a ry  p lexus  is single 
or d ivided,  t he re  are  i n v a r i a b l y  p re sen t  in  all species 

Fig. 1. Sagittal section (circa 100-200 [~ thick) through India ink- 
injected pituitary of Passer domesticus, showing anterior (A) and 
posterior (P) plexus in the median eminence, the anterior (AP) 
and posterior (PP) groups of portal vessels supplying respectively 
the cephalic lobe (CEL) and caudal lobe (CAL) of the pars distalis. 
NL = neural lobe. The anterior and posterior primary capillary 
plexus are not clearly demarcated in the photograph. • 53. 

d i s t i nc t  a n t e r i o r  a n d  pos te r io r  groups  of p o r t a l  vessels  
o r ig ina t i ng  re spec t ive ly  f rom t h e  a n t e r i o r  a n d  pos te r io r  
regions  of t h e  m e d i a n  eminence .  The  a n t e r i o r  g roup  of 
p o r t a l  vessels follows t h e  a n t e r i o r  m a r g i n  of t h e  pa r s  
tubera l i s ,  en te r s  the  pars  d is ta l i s  dorsa l ly  a t  t h e  j u n c t i o n  
of t h e  cephal ic  an d  cauda l  lobes a n d  t h e n  b e n d s  t o w a r d s  
t h e  cephal ic  lobe where  i t  b r eaks  up  in to  capil lar ies .  
Similar ly ,  t h e  pos te r io r  g roup  of p o r t a l  vessels t r ave r se s  
t h e  pos te r io r  m a r g i n  of t h e  pars  t ube ra l i s  a n d  b r e a k s  up  
in to  capi l lar ies  in t h e  cauda l  lobe of t h e  pars  d is ta l i s  
(Figure  1). 

I t  is l ike ly  t h a t  t h e  widespread  occur rence  of t h i s  t y p e  
of regional  d i s t r i b u t i o n  of h y p o p h y s i a l  po r t a l  vessels in  
b i rds  m a y  be  cor re la ted  w i t h  t h e  h is to logica l  b i p a r t i t i o n  
of t h e  m e d i a n  eminence  a n d  of t h e  pars  dis tal is .  The  
a v i a n  m e d i a n  eminence  con ta ins  G o mo r i -n eg a t i v e  f ibres  
of t h e  t u b e r o - i n f u n d i b u l a r  t r a c t  a n d  Gomor i -pos i t i ve  
f ibres  of t h e  s u p r a o p t i c o - p a r a v e n t r i c u l a r  t r a c t K  The  
an t e r i o r  p a r t  of t h e  m e d i a n  eminence  is p a r t i c u l a r l y  rictl  
in Gomor i -pos i t ive  f ibres  of t h e  s u p r a o p t i c o - p a r a v e n -  
t r i c n l a r  t r a c t ;  on  t h e  con t ra ry ,  t h e  pos te r io r  p a r t  of t h e  
m e d i a n  eminence  is mos t ly  composed  of Gomor i -nega t ive  
f ibres  of t h e  t u b e r o - i n f u n d i b u l a r  t r a c t  2. A Gomor i -  
pos i t ive  an t e r i o r  d iv i s ion  an d  a Gomor i -nega t ive  pos te r io r  
d iv i s ion  of t h e  m e d i a n  eminence  h a v e  been  obse rved  b y  
us in  over  40 species of b i rds  a, i nc lud ing  all  species in  
wh ich  d i s t i nc t  an t e r i o r  an d  pos te r io r  groups  of p o r t a l  
vessels h a v e  been  d e m o n s t r a t e d  (Figure  2). 

One of t h e  m o s t  i m p o r t a n t  fea tu res  of t h e  a v i a n  
p i t u i t a r y  is t h e  cytological  d i f f e r en t i a t i on  of t h e  pars  
d is ta l i s  in to  t h e  cephal ic  a n d  cauda l  lobes6, 7. Such  a 
d i f f e r en t i a t i on  h a s  also been  conf i rmed  in ove r  60 species 
of b i rds  b y  t h e  p re sen t  a u t h o r s  4. A func t iona l  d i f fe ren t ia -  
t ion  b e t w e e n  t h e  cephal ic  an d  cauda l  lobes of t h e  pa r s  
dis ta l is  of t h e  fowl h a s  been  d e m o n s t r a t e d  6. E l e c t r o n  
microscopic  s tud ies  on  t h e  a d e n o h y p o p h y s i s  of t h e  whi te -  
c rowned  spa r row ind ica t e  t h a t  t he re  is reg iona l  d i s t r ibu -  
t ion  of t h e  secre tory  cells in  t h e  pars  d is ta l i s  6. F r o m  the  
p o i n t  of v iew of t h e  neu roendoc r ine  r egu la t i on  of adeno-  
h y p o p h y s i a l  func t ion ,  t h e  h is to logica l  d i f f e r en t i a t i on  of 
t h e  m e d i a n  eminence  a n d  of t h e  pars  d is ta l i s  assumes  
grea t  s ignif icance in t h e  l igh t  of t h e  regional  d i s t r i b u t i o n  
of t h e  p o r t a l  vessels. Since t he re  are no i m p o r t a n t  in ter -  
connec t ions  b e t w een  t h e  two  groups  of p o r t a l  vessels,  
i t  is l ikely t h a t  b lood f r o m  t h e  Gomor i -pos i t ive  a n t e r i o r  
d iv i s ion  of t h e  m e d i a n  eminence  passes  to  t h e  cephal ic  
lobe an d  b lood  f rom t h e  Gomor i -nega t ive  pos te r io r  d ivi -  
s ion of t h e  m e d i a n  eminence  passes  to  t h e  cauda l  lobe 
of t h e  pars  distal is .  Hence  i t  seems p r o b a b l e  t h a t  t h e  
secre tory  a c t i v i t y  of t h e  cephal ic  lobe cells is r egu la t ed  
p r i m a r i l y  b y  t h e  n e u r o h o r m o n e s  f rom t h e  sup raop t i c  
an d  p a r a v e n t r i c u l a r  nucle i  t r ave l l i ng  v i a  t h e  an t e r i o r  
g roup  of p o r t a l  vessels an d  t h a t  of t h e  cauda l  lobe  cells 
is r egu la ted  p r i m a r i l y  b y  n e u r o h o r m o n e s  f rom t h e  t u b e r a l  
nucle i  t r ave l l ing  v ia  t h e  pos te r io r  group of p o r t a l  vessels.  
E x p e r i m e n t a l  i nves t iga t ions  on  t h e  reg iona l  d i s t r i b u t i o n  
of p o r t a l  vessels h a v e  n o t  been  r epo r t ed  in b i rds .  How-  

Fig. 2. Mid-sagittal section (15 ~ thick) through the pituitary of 
Passer domesticus, stained in Gomori's Aldehyde-Fuchsin, showing 
the Gomori-positive anterior region (AM) and Gomori-negative 
posterior region (PM) of the median eminence. SHT = supraoptico- 
hypophysiaI tract; III -- third ventricle. • 42. 

C. J. DOMINIC and R. M. SINGH, unpublished results (1970). 
5 A. OKSCHE, Mem. Soe. Endocr. 12, 199 (1962}. 
6 H. RAHN and B. T. PAINTER, Anat. Rec. 79, 297 (1941). 
7 K. G. WINGSTRAND, Structure and Development o] the Avian 

Pituitary (Gleerup, Lurid, 1951). 
s S. MIKAMI, J. Fae. Agr. Iwate Univ. 3, 473 (1958). 

S. I~ilKAMI, A. VITUMS and D. S. FARNER, Z. Zellforsch. 97, 1 
(1969). 
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ever, in  ra ts ,  goats  a n d  sheep,  comple te  t r a n s e c t i o n  of t h e  
p i t u i t a r y  s t a lk  induces  ex tens ive  b i l a t e ra l  necrosis  of t h e  
pa r s  distal is ,  whereas  pa r t i a l  t r a n s e c t i o n  of t he  s t a lk  
causes on ly  un i l a t e ra l  necrosis  on t he  co r re spond ing  side 
of t he  pars  dis ta l is  ~0. This  poss ib ly  suggests  t h a t  ce r t a in  

~0 j .  H. ADAMS, P. M. I)ANIEL and M. M. L. PRICHAm), Endocrinology 
75, 120 (1964). 

11 Thanks are due to Prof. S. P. RaY CHAUDHURI for encouragement. 
This investigation was in part supported by Grant No. M67-0139 
lrom the Population Council, NewYork. 

groups  of p o r t a l  vessels supp ly  r e s t r i c t ed  areas  in  t he  
pa r s  distMis. I t  is l ike ly  t h a t  such  a s i t ua t i on  m a y  also 
p reva i l  in  b i rds  11. 

Zusammen/assung. Die e r m i t t e l t e  Gef~ssversorgung der  
Voge lhypophyse  beweis t  die E x i s t e n z  eines d o p p e l t e n  
P o r t a l s y s t e m s  der  Pa r s  distal is ,  w o m i t  auf  zwei hypo-  
t h a t a m o - h y p o p h y s g r e  M e c h a n i s m e n  h ingewiesen  wird.  

RAM MURAT SINGH an d  C. J. DOMINIC 

Department o/Zoology, Banaras Hindu University, 
Varanasi 5 (India), 22 January 1970. 

Chol ine  A c e t y l t r a n s f e r a s e  and A c e t y l c h o l i n e s t e r a s e  in M y o - T e n d i n o u s  and N e u r o - M u s c u l a r  J u n c t i o n s  
of M o u s e  Ske le ta l  M u s c l e  

Acety lcho l ine  (ACh), chol ine  ace ty l t r ans fe r a se  (ChAc) 
a n d  ace ty lcho l ines te rase  (ACHE), are h igh ly  c o n c e n t r a t e d  
a t  t he  n e u r o - m u s c u l a r  j u n c t i o n s  of ske le ta l  musc le  
f ibres ~, 2. I t  has  been  shown  f u r t h e r  t h a t  A C h E  is h igh ly  
c o n c e n t r a t e d  also a t  t he  j u n c t i o n s  be tween  skele ta l  
musc le  f ibre  and  t e n d o n  a-s, a n d  t h a t  in  some musc les  t h e  
m e m b r a n e  is more  sens i t ive  to  local ly  appl ied  ACh in 
th i s  region t h a n  e lsewhere  (except  in t h e  neura l  zone) 9-11. 
I t  is u n k n o w n ,  however ,  w h e t h e r  ACh has  a f u n c t i o n  a t  
t he  m y o - t e n d i n o u s  junc t ions .  As p r e f o r m e d  ACh p rob -  
ab ly  c a n n o t  diffuse to  t he  m y o - t e n d i n o u s  region f rom 
o the r  places,  we w a n t e d  to d e t e r m i n e  t h e  a c t i v i t y  of 
ChAc, t he  e n z y m e  syn thes i z ing  ACh, in  t h i s  region.  

The  ex t e rna l  ob l ique  a b d o m i n a l  muscle  of a lb ino  mice  
was used. I n  th i s  t h i n  s e g m e n t a l  muscle,  b o t h  neuro-  
muscu l a r  a n d  m y o - t e n d i n o u s  j u n c t i o n s  are loca ted  in 
discrete,  n a r r o w  b a n d s  The  muscu l a r  a b d o m i n a l  wal l  
was p inned  on  c a r b o a r d  coa ted  w i t h  a l u m i n i u m  foil an d  
f rozen b y  f loa t ing  on  l iquid  N~. Such  t r e a t m e n t  m a k e s  
neu ro -muscu l a r  and  m y o - t e n d i n o u s  j n n c t i o n s  easi ly vis- 
ible 12. S tab le  and  easi ly h a n d l e d  p r e p a r a t i o n s  were 
o b t a i n e d  on freeze-drying.  A p p r o x i m a t e l y  0.3 • 3 m m  
samples  of t he  e x t e r n a l  ob l ique  muscle  were dissected 
u n d e r  a s tereo microscope (Figure  1) b y  m e a n s  of r azor  
b lades  and  po in t ed  tweezers.  A d h e r i n g  pieces of u n d e r -  
ly ing  muscles  were easi ly recognized  and  r e m o v e d  f rom 
t h e  samples .  The  dissect ion was occas ional ly  con t ro l led  
b y  s t a in ing  t he  r e m a i n i n g  t i ssue  for A C h E  w i t h  a modi f ied  
Koe l l e -Fr iedenwald  t echn ique la .  The  samples  were 
weighed  (10-60 b~g) on a Cahn  G r a m  elecerobalance.  
Samples  c o n t a i n i n g  neu ro -muscu l a r  junc t ions ,  myo-  
t e n d i n o u s  j unc t i ons  a n d  n o n - j u n c t i o n  muscle  were a s sayed  
for A C h E  and  ChAc b y  r ad iochemica l  m e t h o d s  based  on  
t he  hydro lys i s  of [1-14C]acetylcholine chlor ide  (The Radio-  
chemica l  Centre,  A m e r s h a m ,  Eng land )  and  on  t he  pro- 
duc t ion  of ACh f rom [1-1~C]acetyl-CoA (New E n g l a n d  
Nuc lea r  Corp., Bos ton ,  Mass.)14. For  A C h E  the  samples  
were i n c u b a t e d  for 30 ra in  a t  25 ~ in 25 ~l of i n c u b a t i o n  
mix tu re ,  for ChAc the  f igures were 60 min ,  37~ a n d  
25 t,l. T r i t o n  X-100 was added  a t  0 .5% (v/v) f ina l  con- 
c e n t r a t i o n  to release all e n z y m e  ac t iv i ty .  O the r  de ta i l s  
were  as ear l ier  described*~. 

The  A C h E  a c t i v i t y  was 4 -9  t imes  h igher  in  t he  neuro-  
muscu l a r  a n d  m y o - t e n d i n o u s  p r e p a r a t i o n s  t h a n  in t hose  
f rom n o n - j u n c t i o n  muscle  (Figure  2). F o r  ChAc t h e  ra t ios  
of t h e  m e a n  ac t iv i t i es  of samples  f rom neu ro -mus cu l a r  
j unc t ions ,  n o n - j u n c t i o n  muscle  a n d  m y o - t e n d i n o u s  junc-  
t ions  were 1 0 0 : 6 : 4  (Figure 2). The  same a c t i v i t y  ra t ios  
(100:7 : 5) were o b t a i n e d  in a d d i t i o n a l  e x p e r i m e n t s  w i t h  

a m e t h o d  us ing  [1-~C]ace ta te  an d  an  enzyme  sys t em to 
genera te  [1-a4C]acetyl-CoA in situ~L a l t h o u g h  in these  
e x p e r i m e n t s  t h e  abso lu te  ac t iv i t i es  were s o m e w h a t  higher .  
W i t h  e i the r  m e t h o d  t h e  ac t i v i t y  of the  m y o - t e n d i n o u s  

Fig. 1. Photomicrograph of the freeze-dried external oblique abdom- 
inal muscle after dissection of sampIes containing neuro-museular 
junctions (NM), non-junction muscle (M) and myo-tendinous junc- 
tions (MT). Note that the MT could be dissected thinner than the 
NM and therefore were less diluted with muscle. Note also that the 
MT contained the junctions from 2 adjacent segments. 
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