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have  a dense ' cap '  a round all or  pa r t  of the i r  surface. In  
others,  this  densif icat ion includes progress ively  greater  
quant i t i es  of the  drople t  ma t r ix  producing  as a te rmina l  
conf igurat ion a dense wrinkled part icle.  The  dense 
wrinkled part icles  are  found only in the  gut  lumen, par t ic-  
ular ly in the  poster ior  regions where t h e y  are  of ten the  
p r edominan t  componen t  of the  gut  contents .  Fur the r -  
more, there  is morphologica l  ev idence  for up take  by  the  
ep i the l ium of ent ire  droplets,  bu t  only  of those showing 
l i t t le  or  no evidence of degradat ion .  A droplet  in the  ap- 
pa ren t  init ial  s tage of engu l fment  can be seen in Figure  5. 

The  dense wrinkled mate r ia l  is ent i re ly  r emoved  when 
thin  sections are  incuba ted  for 1 ~/~ h in sa tu ra ted  picric 
acid in 95% alcohol.  I ncuba t ion  in alcohol alone has  no 
effect. This solubi l i ty  is character is t ic  of hemat in  which 
has been previous ly  ident i f ied in the  gut  of S. mansoni 5. 
I t  is pos tu la ted  t h a t  the  dense mater ia l  is hema t in  and 
t h a t  the  l ipid-l ike mater ia l  is some in te rmedia te  of hemo-  
globin degradat ion .  Close examina t ion  of micrographs  
f rom the  an te r ior  gu t  lumen does, in fact, show an ap- 
pa ren t  merg ing  of the  hemoglobin  m a t r i x  wi th  tha t  of the  
l ipid-like mater ia l .  I t  m a y  be t h a t  2 types  of hemoglobin  
digest ion exis t  - an ext racel lu lar  t ype  in which hema t in  
is the  end p roduc t  and an in t racel lu lar  t y p e  in which an 
in t e rmed ia t e  is phagocytosed  and broken  down to  s imple 
end products .  I t  m a y  be specula ted t h a t  ex t race l lu lar  
d igest ive  enzymes,  perhaps  produced  by the  oesophagus,  
in i t ia te  the  digestion of hemoglobin.  The  digest ive process 
m a y  then  be comple ted  af ter  up take  of the  drople t  by  the  
epi thel ium. 

Other  t h a n  the  appa ren t  up take  of the  l ipid-like drop-  
lets and  the  exis tence of microp inocyto t ic  caveolae  there  
is no obvious  sign of phagocy to t i c  ac t iv i ty .  The  edges of 
the  gu t  lamel lae  are of ten observed inser ted into depres- 
sions in the  ma t r ix  of the  numerous  pieces of hemoglobin  
found in the  lumen.  This  would indicate  t h a t  the  gut  

lamel lae  m a y  per form a digest ive  func t ion  as well  as 
possibly serving to increase the  area of the  absorp t ive  
surface. 

The  gu t  lamel lae  react  s t rongly  when tes ted for the  
presence of acid phosphatase  ac t iv i ty  (Figure 4). The  
react ion is confined to  the  inner  core of t he  lamel lae  and 
acid phospha tases  m a y  be localized on the  inner  por t ion  
of the  p lasma membrane .  A similar  condi t ion  also exists  
on the  t e g u m e n t  surface of S. mansoni where acid phos- 
pha tase  ac t i v i t y  is res t r ic ted to the  inner  side of the  sur- 
face p lasma m e m b r a n e  4,e. 

Rdsumd. L'6pith61ium de l ' in tes t in  de Schistosoma man- 
soni est un syncy te  de s t ruc tu re  pareil le dans  Ies 2 sexes. 
Des lamelles h6rissent la surface et  de nombreuses  in- 
vag ina t ions  basales en fentes r ayen t  l '6pith61ium de la 
paroi  basale p lasmique.  On cons ta te  l ' exis tence  d 'une  
digest ion extracel lulaire ,  ainsi que  l '6vidence morpho-  
togique d ' une  ut i l isat ion des gout tes  l ipides entiSres e t  
des micropinosyncytes .  Des procSs cy top lasmiques  du 
pa renchyme  s ' a t t a c h e n t  par  des complexions  jonct ion-  
nelles (<~junctional complexes,>) ~ la base de l '6pith61ium de 
l ' in tes t in  et m e t t e n t  en connect ion  les 2 syst~mes. La  
localisat ion de l ' ac t iv i t6  de la phospha tase  acide dans les 
lamelles de la paroi  in tes t inale  est  pr6cis6e. 
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Ultras tructure  of the Pineal  Gland after H y p o p h y s e c t o m y  

E x p e r i m e n t a l  inves t iga t ions  show t h a t  the  anter ior  
p i tu i t a ry  controls  the  s t ruc ture  and funct ion of the  thy-  
roid gland, adrenal  cor tex  and gonads ; the  pa r t  p layed by  
the  anter ior  p i tu i t a ry  in the  control  of the  pa ra thyro id  or  
insular  pancreas  is a m a t t e r  of d ispute  and its control  of 
the  pineal  gland is as ye t  unknown,  

Al though  i t  has  been demons t r a t ed  t h a t  t he  pineal  is an 
endocr ine  gland secret ing po lypept ide  hormones  (LERNER, 
CASE and TAKAHASHy1; FARRELL and ISAAC 2) ve ry  l i t t le  
is known abou t  the  factors  control l ing its secretory 
ac t iv i ty .  

In  a prev ious  repor t  (MILcU and LUPULESCU 3) the  pre- 
sence of degenera t ive  cel lular  and nuclear  changes in the  
pineal  gland of hypophysec tomized  rats  observed by  
means  of the  l ight  microscope were described. 

The  present  paper  deals wi th  the  u l t ras t ruc tu ra l  changes 
of the  pineal  g land af ter  h y p o p h y s e c t o m y  in rats.  

Material and Methods. The  exper iments  were  carr ied 
ou t  on adu l t  male  rats,  which were  d iv ided  in 2 groups.  
The  first  was formed of to ta l ly  hypophysec tomized  adu l t  
male  rats,  weighing 260-280 g; the  second one of control  
adul t  rats.  The  rats  were sacrificed by  e ther  anaes thes ia  at  
in terva ls  of 7, 15, and 30 days  af ter  h y p o p h y s e c t o m y  and 
the  pineal  g land was removed .  Fo r  s tudy  by  the  electron 
microscope,  t he  pineal  glands were  collected immed ia t e ly  
and fixed in PALADE'S f ixa t ive  a, then  pos t f ixed  in an 

aqueous  u rany l -ace ta te  solution, and embedded  in Vesto-  
pa l -W ~, or  in Epon-812 s. The  u l t ra th in  sections were cu t  
in the  L K B - u l t r o t o m e ,  and then  s ta ined wi th  lead c i t ra te  7 
and examined  under  a J E M - T C  or Hi tachi -11-e lec t ron 
microscope.  

Results. Elec t ron  microscope observa t ions  showed 
clustered,  oval,  p a r e n c h y m a l  ceils (pinealocytes) in t he  
pineal  gland of the  control  rats.  The  fine s t ruc ture  of the  
epiphyseal  cells was var iab le  in appearance.  The  nuclei  
were oval  or round and in the  cytoplasm,  as in o ther  endo- 
crine glands, the  endoplasmic  re t i cu lum was m a d e  up of 
numerous  p leomorphic  vesicles;  wi th in  t he  cy top lasmic  
m a t r i x  the  r ibosomes were  free or  disposed in roset tes  or  
clusters.  A higher  magni f ica t ion  revealed  2 d is t inc t  types  
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of sec re to ry  g r anu l e s ;  t he  f i rs t  large g ranu les  of i r r egu la r  
s h a p e  c o n t a i n e d  an  h o m o g e n e o u s  ma te r i a l  of low e lec t ron  
dens i ty ,  a n d  t he  second,  s l igh t ly  smal le r  g ranu les  (Figure  1 ) 
of m e d i u m  e lec t ron  d e n s i t y  a n d  c o n t a i n e d  severa l  g ra ins  
in t h e i r  cen te rs .  T h e  second t y p e  of g ranu le s  were oval  a n d  
m e a s u r e d  a p p r o x i m a t e l y  0 .7-1 .2 /~  in d i ame te r ,  a n d  were 
de l imi t ed  b y  a single,  v is ible  m e m b r a n e .  N u m e r o u s  elon- 
ga ted ,  rod- l ike  or  ova l  m i t o c h o n d r i a ,  g rooved  by  c r i s tae  
could  also be  seen. A m o n g  t he  p a r e n c h y m a l  cells, s inusoi-  
dal  capi l lar ies  a n d  pe r i va scu l a r  spaces  could be  o b s e r v e d ;  
these  capi l lar ies  were de l imi ted  b y  fenes te red  e n d o t h e l i u m  
(Figure  2). 

E l e c t r o n  microscopic  s tud ies  of t he  p inea l  g l ands  of 
h y p o p h y s e c t o m i z e d  r a t s  revea led  s ign i f i can t  u t t r a s t r uc -  
t u r a l  c h a n g e s  in t h e  c y t o p l a s m  a n d  nucle i  of t he  pinealo-  
cytes ,  e.g. a t r o p h y  of t h e  endop l a smic  r e t i cu lum,  smal le r  
a n d  col lapsed e rgas top l a smic  vesicles,  a n d  a decrease  of 
sec re to ry  ma te r i a l .  Thus ,  b o t h  types  of sec re to ry  g ranu les  
a p p e a r e d  shr ive l led  a n d  were r educed  in n u m b e r  a n d  size 
(Figure  3). The  m i t o c h o n d r i a  were  smal ler ,  w i t h  a modif ied  
u l t r a s t r u c t u r a l  p a t t e r n .  Golgi  a p p a r a t u s  was  se ldom ob- 
se rved  nea r  t he  nuclei  wh ich  h a v e  a n  i r regu la r  enve lope  

Fig. 1. Control rat pineal gland. A cytoplasmic zone of an epiphyseal 
cell, showing several granules of medium electron density (MDG) 
with an irregular outline; ergastoplasmic vesicles (EV), some con- 
taining a substance of the fine texture, many free ribosomes or poly- 
somes (PY). Osmium tetroxide, Vestopla-W, lead citrate. × 22,000. 

d iv ided  in to  severa l  c o m p a r t m e n t s  by  deep  i n v a g i n a t i o n s  
of t h e  nuc lea r  (Figure  4) m e m b r a n e .  T h e  v o l u m e  of nuclei  
a n d  also of nucleoli  were reduced.  T h e  p e r i v a s cu l a r  spaces  
were ev iden t ,  n m c h  en la rged  w i th  endo the l i a l  cells a n d  t h e  
l umen  c o n t a i n e d  red blood cells (Figure  5). 

Discussion. F r o m  our  e lec t ron  microscope  s tud ies  i t  is 
e v i d e n t  t h a t  a f t e r  h y p o p h y s e c t o m y ,  in t ense  a n d  pro-  
gress ive u l t r a s t r u c t u r a l  changes  t ake  place in the  r a t  
p inea l  gland,  e.g. a t r o p h y  of the  endop la smic  r e t i cu lum,  
dep le t ion  of sec re to ry  ma te r i a l  f rom b o t h  types  of g ran-  
ules, r educ t ion  in vo lume  of the  nuclei  an d  also of nucleol i  
w i th  m a n y  infold ings  an d  i n d e n t a t i o n s  of nuc lea r  m e m -  
brane ,  a n d  shr ive l l ing  of the  m i t o c h o n d r i a  w i th  s t u n t e d  
c r i s tae  p a t t e r n .  

These  f ine s t r u c t u r a l  ch an g es  of t h e  p inea l  cells are  
s imi la r  to  those  obse rved  b y  o t h e r  a u t h o r s  in t h e  t h y r o i d  

Fig. 3. Totally hypophysectmnized rat pineal gland. A cytoplasmic 
zone of an epiphyseal cell showing atrophy of ergastoplasmie vesicles 
(EV), smaller mitochondria (M) and decrease of secretory granules 
(DG); IS, intercellular space and nucleus (N). Osmimn tetroxide, 
Epon, lead citrate. × 22,000. 
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Fig. 2. Control rat pineal gland. Basal zone of an epiphyseal cell. N, Fig. 4. Totally hypophysectomized rat pineal gland. Epiphy~aI ceils 
nucleus; several mitoehondria of various shapes (M) ; free ribosomes separated by evident intercellular space {IS). Nucleus (N) with many 
or polysomes (PY); basement membrane (BM), endothelial cell (EC), infoldings of nuclear membrane (NM) giving a cog-like pattern; 
capillary lumen (CL), pores (p I") and red blood cells (RBC). IS, inter- several mitoehondria (M) with blurred mitnclmndrial eristae; atrophic 
cellular space. Osmium tetroxide, Epon, lead citrate. × 22,000. endoplasmic reticuhnn (I"V); LC, lamellar concentric formations. 

Osmium tetroxide, Vestopal-W, lead citrate. × 22,000. 
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g l and  a f t e r  h y p o p h y s e c t o m y  (DEMPSEY a n d  PETERSON 8) 
a n d  the re fo re  sugges t  t h a t  t h e  p i t u i t a r y  gove rns  t h e  s t ruc-  
t u r e  a n d  sec re t ion  of t h e  p inea l  g land.  B o t h  r e c e n t  u l t r a -  
s t r u c t u r a l  a n d  h i s t ochemica l  i nves t i ga t i ons  show t h a t  t h e  
p inea l  is a sec re to ry  g land  a n d  be longs  r a t h e r  to  t h e  endo-  
cr ine  s y s t e m  t h a n  to  t h e  cen t r a l  n e r v o u s  s y s t e m  (CASSANO 
et  al.9; WOLFFE10; ARSTILAll). T h e  sec re to ry  g ranu les  
found  in t h e  r a t  p inea l  g l and  are  supposed  to  be  t he  si te  of 
syn thes i s  or  s to rage  of m e l a t o n i n ,  5 - h y d r o x y t r y p t a m i n e  
(5-HT) or  o t h e r  b iogenic  a m i n e s  (DE IRALI)I a n d  DE RO- 
BERTIS 12; DE 1V[ARTINO et  alA3). Chron ic  a d m i n i s t r a t i o n  of 
r ese rp ine  leads  to  t h e  a l m o s t  c o m p l e t e  d i s a p p e a r a n c e  of 

. ,  , • g g "  

% 

Fig. 5. Totally hypophysectomized rat pineal gland• Basal zone of an 
epiphyseal cell, showing an enlarged pericapillar space (PS), mito- 
ehondria (M), endotheIial capillary membrane with many pores (P ~), 
endothelial cells (EC) with nucleus (N) and many small vesicles (V), 
red blood cell (RBC), D, small dense granule. Osmium tetroxide, 
Epon, lead citrate. × 22,000. 

t h e  dense  granules .  All t h e  neu rosec re to ry  m a t e r i a l  in  
p inea l  g l and  is v e r y  m u c h  decreased  in a d u l t  h y p o p h y s e c -  
t o m i z e d  ra ts .  T h e  m e c h a n i s m  b y  w h i c h  t h e  p i t u i t a r y  in-  
t e r v e n e d  in t h e  m a i n t e n a n c e  of a n o r m a l  s t r u c t u r e  a n d  
secre t ion  of t h e  p inea l  g l a n d  is n o t  known,  b u t  p r o b a b l y  i t  
releases a specific p o l y p e p t i d e  ( t ropic  h o r m o n e  ?) for  t h e  
p inea l  g l and  s imi la r  to  t h a t  re leased  for o t h e r  endoc r ine  
g lands  an d  the re fo re  t h e  p inea l  g l and  shou ld  be  cons ide red  
as a p i t u i t a r y - d e p e n d e n t  g land.  

Rdsumd. Nous  a v o n s  6 tudi6  les mod i f i ca t ions  de l ' u l t r a -  
s t r u c t u r e  de  ta g t ande  p in6ale  du  r a t  apr~s  h y p o p h y s e c t o -  
mie  e t  c o n s t a t 6 :  (a) u n e  a t r o p h i c  du  r 6 t i c u l u m  endop las -  
mique ,  (b) r 6duc t i on  des r ibosomes ,  (c) d6p le t ion  du  ma t6 -  
riel s~cr6toire des granules ,  (d) a l t 6 r a t i o n  des m i t o c h o n -  
dries,  (e) r6duc t ion  d a n s  le v o l u m e  des  n o y a u x  e t  des  
nucl6oles e t  (f) u n  a g r a n d i s s e m e n t  de l ' e space  p6r ivascu-  
laire. I1 es t  tr~s p r o b a b l e  que  l ' h y p o p h y s e  a n t 6 r i e u r e  es t  
n6cessaire  p o u r  m a i n t e n i r  la s t r u c t u r e  e t  la s6cr6t ion de  la 
g lande  pin6ale,  mais  le m6can i sme  p a r  quoi  s ' exerce  ce con-  
tr61e res te  encore  inconnu .  
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Various Types of Amine-Storing Vesicles in Peripheral Adrenergic Nerve Terminals 

The  s y m p a t h e t i c  pos tgang l ion ic  n e r v e  t e r m i n a l s  con-  
t a i n  vesicles of a t  leas t  2 d i f fe ren t  t y p e s  : (a) sma l l  vesicles 
m e a s u r i n g  a b o u t  500 ~_ in d i a m e t e r  wh ich  are  e i t he r  
e m p t y  or c o n t a i n  a dense  core  ( types  I I  a n d  I I I  of GRILLO 
a n d  PALAy1). AS s h o w n  in p r ev ious  s tud ies  2,a, e m p t y  an d  
dense  core  vesicles r ep resen t ,  however ,  m o s t  p r o b a b l y  a 
h o m o g e n o u s  p o p u l a t i o n  d i f fe r ing  in t h e  degree  of a m i n e  
fi l l ing only.  (b) Large  vesicles m e a s u r i n g  700-1200  
( m e a n  900 A) in d i a m e t e r  r egu la r ly  c o n t a i n i n g  a dense  
core ( type  I of GRILLO a n d  PALAY~). 

I t  is genera l ly  accep t ed  t h a t  t h e  dense  cores of t h e  
smal l  vesicles  r e p r e s e n t  n o r a d r e n a l i n e  (NA)4-~, b u t  i t  is 
no t  k n o w n  w h e t h e r  t h e  large dense  core (LDC) vesicles 
also s to re  NA. Af te r  t r e a t m e n t  w i t h  rese rp ine  all  smal l  
vesicles b e c o m e  e m p t y ,  b u t  t he  osmiophi l ic  c o n t e n t  of 
t h e  la rge  vesicles  pers is ts .  Th i s  was  t a k e n  as ev idence  b y  
va r ious  a u t h o r s  t h a t  t h e  LDC vesicles do n o t  s to re  NAS-L 
I t  was  found ,  however ,  t h a t  a f t e r  i n c u b a t i o n  of va r ious  
t i ssues  in  N A  c o n t a i n i n g  solu t ions2 or  a f t e r  t r e a t m e n t  of 
a n i m a l s  w i t h  5 - h y d r o x y d o p a m i n e  (5 -HODA) 3, t h e  dense  
cores  of t he  la rge  vesicles b e c a m e  more  osmiophi l ic  a n d  
o f t en  s o m e w h a t  la rger  s. These  o b s e r v a t i o n s  m i g h t  indi-  
ca te  t h a t  t h e  LDC vesicles a re  c a p a b l e  of s to r ing  amines ,  
a t  l eas t  u n d e r  these  e x p e r i m e n t a l  condi t ions .  I t  was  t h e  
pu rpose  of t h i s  i n v e s t i g a t i o n  to  b r i n g  more  d i rec t  cy to-  
chemica l  ev idence  t h a t  t he  LDC vesicles of s y m p a t h e t i c  
pos tgang l ion ic  n e r v e  t e r m i n a l s  in  t h e  iris a n d  va s  deferens  

of the  ca t  do c o n t a i n  u n d e r  n o r m a l  cond i t i on  b iogenous  
amines .  

T h e  iris an d  v a s  deferens  of con t ro l s  a n d  of a n i m a l s  
p r e t r e a t e d  w i t h  rese rp ine  (2 m g / k g  i.p. 20 h before  t h e  
e x p e r i m e n t )  or  a - m e t h y l m e t a t y r o s i n e  (MMT) (200 m g / k g  
i.p. 20 a n d  4 h previous ly)  were r e m o v e d  u n d e r  a n a e s t h e s i a  
w i t h  N e m b u t a l  ® a n d  f ixed for  2 -4  h in  3 %  p h o s p h a t e  
buf fe red  g l u t a r a l d eh y d e .  Ha l f  of t h e  f ixed t i s sue  was 
s to red  o v e r n i g h t  in  a p h o s p h a t e - s u c r o s e  so lu t ion  a n d  t h e n  
over f ixed  w i t h  OsO4. T h e  r e m a i n d e r  of t h e  t i ssue  was 
t r e a t e d  o v e r n i g h t  in  a p o t a s s i u m  d i c h r o m a t e  so lu t ion  a t  
p H  4.19, t h e n  d e h y d r a t e d  a n d  e m b e d d e d  in t h e  usual  
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