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In a separate group (n = 8) isolated strip was incubated 
with Ringer solution containing Atr. This drug did not 
produce any significant change on the contractile force 
and the spontaneous rhythm of the strip. Nevertheless, 
Ach sensitivity was prominently decreased during the 
oontact time. In spite of repeated washings and additions 
of Ach to the bath, the antagonistic action of Atr dimin- 
ished slowly after the removal of this drug. Sensitivity 
did not return to its original level during 4 h. (Figure 1 
Atr). 7 strips were treated with Phe. This substance did 
not cause any significant change on the physiological 
parameters of the strip. However, the effect of Ach was 
inhibited during the contact t ime (Figure 2, A). After 
the tissue was washed w i t h  fresh solution, decreased 
sensitivity did not show any significant change (Figure 1, 
Phe). 

Seven strips were exposed to Atr with Car. The spon- 
taneous activity of the strip was initially depressed but 
later normal rhythmic activity reappeared. Following 
the washing away of drugs, Ach sensitivity of the strip 
did not differ significantly from that  which is observed in 
the experimental group where Atr is given alone (Figure 1, 
Atr + Car). In another separate experimental group, 
strips (n = 7) were treated with Phe and Car. The act ivi ty 

of preparation was initially depressed but later normal 
function was reestablished. After the washout, the initial 
antagonistic action of Phe against Ach was significant 
but  it began gradually to diminish (Figure 2, B). At the 
end of the experiment, the tissue regained nearly its 
original sensitivity to Ach (Figure 1, Phe + Car). 

Discussion. In this study, we have observed that  Car is 
unable to protect the cholinergic receptor against the 
action of Atr. However, the same substance prevented the 
appearance of long-lasting Phe bIock. These experimental 
findings led us to the conclusion that  2 antagonists may 
act on the different receptive sites of cholinergic receptor. 
Phe and Car probably react with the same receptive 
site. This may be the common cholinergic site on the 
receptor macromolecule. Atr possibly combines t ightly 
with a separate special site of cholinergic receptor. This 
theoretical consideration based on the experimental 
findings is in agreement with the hypothesis proposed by 
GOLDSTEIN et al.~. In the model considered here for the 
cholinergic receptor, the binding of Atr and Ach to their 
respective sites mutually influences the affinity or 
intrinsic act ivi ty of each other. Such an action is remi- 
niscent of the allosteric inhibition in enzymology t 

Zusammen/assung. Bei Abnahme der Kontraktil i t / i t  
nach Azetylcholin wird am Frosch-Myokard-Modell 
nachgewiesen, dass Phenoxybenzamin den cholinergischen 
Rezeptor gegen Atropin <~schtitzt~>, w~hrend Carbachol 
ohne Wirkung bleibt. Es wird angenommen, dass die 
beiden Antagonisten an verschiedenen Orten des cholin- 
ergischen Rezeptors wirken. 
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Fig. 2. A) 0, Ach 2 ~xg/ml; $, Phe 250 ng/ml; ~, washing; B} $, Phe 7 E. J. ARIENS, in Drug Design, Academic Press, New York 1971), 
250 ng/ml + 20 ~g/ml Car-washing. vol. I, p. 162. 

Stereotopography of the Prolactin Cells of the Rat 

The relationship between secretory functions and 
ultrastructure is readily observed in many secretory cells. 
This applies not only to tile synthesis of secretory 
granules or products but also to their packaging, transport 
and release. I t  is well known that  granular endoplasmic 
reticulum surrounds the nucleus on the basal and lateral 
sides of pancreatic acinar cells1, 2, while the Golgi 
apparatus, in which maturation and packaging of secretory 
granules occurs, is located on tile apical side of the nu- 
cleus 3, 4. The secretory granules then accumulate in the 
apical region of the cytoplasm and can be observed 
releasing their product by exocytosis into the lumen of 
the pancreatic acinus. This secretion scheme is typical 
for most protein secreting cells 1, 3-~, but  applies especially 
to those exocrine or endocrine cells which exhibit a high 
degree of polarization of their organelles. 

A polarization of organelles within cells similar to that  
observed in the pancreas is often difficult to see in the cells 
of the anterior pituitary gland. This is probably due to 
the fact that  pi tui tary cells do not form regular secretory 
units of structure comparable to the pancreatic acinus 
since the pi tui tary glandular associations are composed 
of several different kinds of cells 6. Because of this, a 
three-dimensional analysis of the ultrastructural rela- 

Pituitary Gland 

tionships of intracellular organelles in pituitary cells is 
justified. This would not only permit a better appreciation 
of the internal organization of cells, but would also give 
further information regarding the movement  and release 
of secretory granules from the cytoplasm as well as the 
extent  of functional polarization within the cells. Our 
previous observations* on the pituitary gland of lactating 
rats suggested that  the prolactin cell would be the most 
suitable cell type for a study of this problem since they 
have a rapid turnover of secretory products. 

Materials and methods. The pituitary glands were 
obtained from young, adult rats (Sprague-Dawley) which 
were in various stages of lactation. Details as to '  the 
experimental procedures used in our studies of prolactin 
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These six mierographs are from serial sections of the same prolactin cell. The position of each section is the series i s indicated, x 6,800. 
1. In this region of the cell, the rough surfaced endoplasmic reticulum is well developed (Section No. 20). 2. At this level, the Golgi apparatus, 
mitochondria and a few secretory granules are observed. The rough endoplasmic reticulum is not as extensively developed here as it was in 
Figure 1 (Section No. 60}. 3. A similar cellular organization as in Figure 2 is noted here except for the appearance of the nucleus (Section 
No. 65). 4. A few cisterrtae of rough surfaced eudoplasm/c retieulum are present; however, the Golgi apparatus is no longer visible (Section No. 
90). 5. The abundance of secretory granules is clearly il lustrated along with evidence of granular extrusion (Section No. 120). 6. Same as in 
Figure 5 (Section No. 130). 
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cells, in r e l a t i on  to changes  i nduced  b y  t he  suckl ing  
s t imulus ,  are  g iven  in  a n  ear l ier  r e p o r t  f rom th i s  l abora -  
t o r y L  The  e lec t ron  m i c r og r aphs  used in t he  p r e s e n t  
ana lys i s  of t he  s t e r e o t o p o g r a p h y  of p ro l ac t i n  cells were 
p r e p a r e d  f rom a t i ssue  b lock  f rom an  a n i m a l  ki l led on  ti le 
s i x t h  d a y  of l ac ta t ion .  Severa l  cells c o n t a i n e d  w i t h i n  two 
h u n d r e d  serial  sect ions  (silver grey to gold) were ana lyzed ,  
b u t  one was selected to i l l u s t r a t e  t he  h igh  degree of 
po l a r i za t i on  w h i c h  Call be seen w h e n  t he  s t e r e o t o p o g r a p h y  
of a n  en t i r e  cell is examined .  

Results. On the  bas is  of our  p rev ious  s tudies ,  as well  as 
t he  p r e sen t  obse rva t i ons  on  sect ions  of t he  p i t u i t a r y  
g land,  we obse rved  a m a r k e d  p o l y m o r p h i s m  of the  
p r o l a c t i n  cells. Some cells were  large a n d  oval,  or spher ica l  
in shape,  whi le  o the r s  were e longa ted  a n d  possessed 
cy top la smic  processes  d i rec ted  t o w a r d  t he  capil laries.  B y  
s t u d y i n g  t he  p ro l ac t i n  cells in  ser ial  sect ions,  we obse rved  
a d i s t i nc t  po l a r i z a t i on  of t h e i r  organelles .  Th i s  was  
p a r t i c u l a r l y  s t r i k ing  in cases of p ro l ac t i n  cells of t h e  
e longa ted  v a r i e t y  such  as t he  one i l l u s t r a t ed  in F igures  
1-6. Pa ra l l e l  lamel lae  of g r a n u l a r  endop lasmic  r e t i cu lum 
were c o n c e n t r a t e d  a t  one pole of t h e  cell (Figure 1). Tile 
Golgi  a p p a r a t u s  was in close assoc ia t ion  w i t h  th i s  con- 
c e n t r a t i o n  of g r anu l a r  endop lasmic  r e t i c u l u m  (Figures 2 
a n d  3), whi le  the  m a t u r e  sec re to ry  granules  were localized 
a t  t he  oppos i te  pole of t he  cell (Figures 5 a n d  6). Ev idence  
of g r a n u l a r  ex t ru s ion  b y  exocytos is  was  n o t e d  a lmos t  
exc lus ive ly  a t  t he  vascu la r  pole  of t h e  cell where  the  
granules  were  concen t r a t ed .  T he  nuc leus  (Figures  3, 4 
a n d  5) was  eccent r ica l ly  loca ted  in t he  cy top lasm,  w i t h  
i ts  l a rges t  profi les seen in sect ions  nea r  t h e  Golgi a p p a r a t u s  
(Figure  4). 

Discussion. On t h e  basis  of our  obse rva t ions ,  we propose  
t h a t  t he  cel lular  organel les  of p ro l ac t i n  cells in  l a c t a t i n g  
r a t s  h a v e  a cha rac t e r i s t i c  t o p o g r a p h i c a l  o r i en ta t ion .  
On one side of these  ceils g r a n u l a r  endop lasmic  r e t i c u l u m  
is c o n c e n t r a t e d  and  is in  close assoc ia t ion  w i t h  t h e  Golgi 
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a p p a r a t u s ,  whi le  secre tory  granules  are c o n c e n t r a t e d  a t  
t he  oppos i te  pole  in  t h e  region of t he  cell closest  to  a 
capi l lary.  Th i s  scheme p r o b a b l y  preva i l s  in  all p r o l a c t i n  
ceils, w i t h  on ly  s l ight  modi f i ca t ions  to  f i t  t h e i r  shape.  
However ,  i t  is easier  to  a p p r e c i a t e  th i s  u l t r a s t r u c t u r a l  
o rgan iza t i on  in e longa ted  fo rms  of p r o l a c t i n  cells, in  which  
t i le  o rgan iza t i on  is s imi la r  to  t h a t  c o m m o n l y  seen in 
p a n c r e a t i c  ac ina r  cells. 

I t  is well  k n o w n  t h a t  p ro l ac t i n  ceils of suckl ing  an ima l s  
secrete  large a m o u n t s  of p r o l a c t i n  7-9. The  d i s t r i b u t i o n  of 
sec re to ry  granules  in these  cells appea r s  to  be  d i f fe ren t  
f rom t h a t  of some o the r  types  of p i t u i t a r y  cells, p a r t i -  
cu la r ly  t he  cor t i co t roph ,  or A C T H  cell ~, s0, in wh ich  t he  
granules  are a l igned  nea r  t he  en t i r e  p e r i p h e r y  of t he  cell. 
This  suggests  t he  poss ib i l i ty  of d i f fe ren t  m e c h a n i s m s  of 
granule  t r a n s p o r t  a n d  release f rom p i t u i t a r y  cells. 
P r e sumab ly ,  these  processes  are r e l a t ed  to di f ferences  in  
t i le  size of t he  sec re to ry  granules ,  and  p e r h a p s  to  cyto-  
p la smic  channe l s  w h i c h  m a y  depend  on  v i scos i ty  g rad ien t s  
ill t h e  cy top lasm.  R e c e n t  pub l i c a t i ons  ~ ind ica t e  t h a t  
cons iderab le  v a r i a t i o n  in v i scos i ty  of t he  c y t o p l a s m  m a y  
exis t  w i t h i n  t h e  same  cell. A t  p re sen t  we do no t  h a v e  a n y  
i n f o r m a t i o n  a b o u t  t he  v i scos i ty  of t he  cy top l a sm of 
p ro l ac t i n  cells. However ,  i t  is r ea sonab le  to  a s sume  t h a t  
channe l s  of low viscosi ty ,  t h r o u g h  wh ich  t he  granules  
m i g h t  move,  m a y  be  fo rmed  in  t he  cy top lasm.  Such  
channe l s  would  fac i l i ta te  t h e  t r a n s p o r t  of secre tory  
granules  in  p ro l ac t i n  cells. Our  obse rva t i ons  on serial  
sect ions  sugges t  t h a t  ana lys i s  of t h e  func t ions  of p i t u i t a r y  
cells b y  e lec t ron  mic roscopy  m u s t  be c o n d u c t e d  w i t h  
e x t r e m e  care  because  d i f fe ren t  t h i n  sect ions  of t he  same  
cell m a y  revea l  qu i te  d i f fe ren t  morpho log ica l  features .  
T h e y  also sugges t  t h a t  a s t u d y  of t h e  o rgan i za t i ona l  
p a t t e r n s  of organel les  i nvo lved  in cell secre t ion  m a y  give 
clues conce rn ing  v a r i a t i o n s  in  t he  mode  of cell secre t ion.  

Rdsumd. L ' o r i e n t a t i o n  des organel les  dans  les cellules 
de l ' h y p o p h y s e  an t6 r i eu re  a 6t6 6tudi6e sur  des coupes  ell 
s6rie p o u r  la microscopie  6lect ronique.  Une  p o l a r i s a t i o n  
i m p o r t a n t e  des 616ments de l ' a p p a r e i l  s6cr6toire fur  
observ6e  dans  que lques  cellules & pro lac t ine .  E n  conclusion,  
l ' 6 tude  de la  d i s t r i b u t i o n  t o p o g r a p h i q u e  des organel les  
p e a t  fourn i r  des i n f o r m a t i o n s  sur  les v a r i a t i o n s  du  m o d e  
de s6cr6t ion cellulaire.  
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f3ber den Ursprung der Fliigelmuskulatur. Experimentelle Untersuchungen mit 
Wachtel- und Hiihnerembryonen 

N a c h  LILLIE 1 b e g i n n t  die E n t w i c k l u n g  der  Fliigel- 
an l agen  be im  H f i h n e r e m b r y o  n a c h  e iner  Beb r f i t ungsze i t  
yon  50-60 S t u n d e n  ( S t a d i u m  16 n a c h  HAMBURGER a n d  
HAMILTON) m i t  e iner  V e r d i c k u n g  der  S o m a t o p l e u r a  in 
H 6 h e  de r  Somi t en  14-20. Die Frage,  ob  das  Ext remi t~ i ten-  
m e s e n c h y m  ausschl iess l ich aus  der  S o m a t o p l e u r a  hervor -  
geht ,  oder  ob  Somi tenze l l en  in den  Dif ferenz ierungs-  
prozess  de r  Ex t r emi t~ i t enan lage  m i t e i n b e z o g e n  werden,  
wi rd  yon  den  U n t e r s u c h e r n  k o n t r o v e r s  beur te i l t .  Das  gi l t  
in  b e s o n d e r e m  Masse fiir die E n t w i c k l u n g  der  E x t r e m i -  

t& tenmusku la tu r .  FISCHEL 2 v e r t r i t t  die Auffassung,  dass  
bei V6geln  u n d  S~iugetieren Somi tenze l l en  in die E x t r e m i -  
t i i t enan lage  e i n w a n d e r n  u n d  s ich dor t  zu Muskelzel len 
differenzieren.  Zu e inem &hnlichen E rgebn i s  k o m m t  
ZECHEL a a u f g r u n d  der  U n t e r s u c h u n g  mensch l i che r  
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