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Fine Structure of the Gut Epithel ium of Schis tosoma mansoni  

I t  h a s  r ecen t l y  b e c o m e  a p p a r e n t  t h a t  t h e  d igene t i c  
t r e m a t o d e s  possess  2 sur faces  c apab l e  of t a k i n g  up  nu-  
t r i en t s ,  n a m e l y  t h e  g u t  a n d  t h e  t e g u m e n t .  A l t h o u g h  
t e g u m e n t  f ine s t r u c t u r e  h a s  been  desc r ibed  for severa l  
species of t r e m a t o d e s  1,~, l i t t l e  is ye t  k n o w n  a b o u t  t h e  
u l t r a s t r u c t u r e  of t he  g u t  ep i the l ium.  

I n  o rder  to  s t u d y  t he  f ine s t r u c t u r e  of t he  g u t  ep i the -  
l i um of Schistosoma mansoni,  single w o r m s  a n d  pa i r ed  
ma le  a n d  female  w o r m s  were  f ixed in g lu t a r a ldehyd e ,  
o smica ted ,  a n d  e m b e d d e d  in Ara ld i t e  or Marag las  accord-  
ing  to  s t a n d a r d  m e t h o d s .  T i ssue  to  be  t e s t ed  for  acid 
p h o s p h a t a s e  a c t i v i t y  was  i n c u b a t e d  in a modif ied ,  f reshly  
p r e p a r e d  GOMORI acid  p h o s p h a t a s e  m e d i u m  for  40 mi n  
a t  37 °C. Con t ro l  m a t e r i a l  was  i n c u b a t e d  in a m e d i u m  con-  
t a i n i n g  0 . 0 1 M  N a F .  T h i n  sec t ions  were  cu t  w i t h  glass 
knives ,  s t a i n e d  w i t h  u r a n y l  a ce t a t e  a n d  lead c i t r a t e  a n d  
e x a m i n e d  on  a n  A.E . I .  E M 6 B  e lec t ron  microscope .  

F igu re  1 i l l u s t r a t e s  s e m i - d i a g r a m m a t i c a l l y  t h e  f ine 
s t r u c t u r e  of genera l ized  g u t  ep i the l ium.  No obv ious  dif- 
ferences  in  f ine s t r u c t u r e  are  d e t e c t a b l e  b e t w e e n  t h e  g u t  
ep i the l i a  of ma le  a n d  female  worms .  I n  b o t h  t h e  ep i the-  
l i um is s y n c y t i a l  and,  so far  as can  be  d e t e r m i n e d  b y  t h e  
m e t h o d  used,  w i t h o u t  m a r k e d  di f ferences  b e t w e e n  an-  
t e r io r  a n d  pos t e r io r  regions.  The  surface  of t h e  s y n c y t i u m  
is t h r o w n  in to  per iodic  i r r egu la r  p ro j ec t ions  (Figure  1) 
b u t  does  n o t  possess regu la r  large folds or villi. N u m e r o u s  
shee t - l ike  lamel lae  e x t e n d  f rom t h e  surface  a n d  p ro j ec t  a 
s h o r t  d i s t ance  in to  t h e  lumen .  These  l amel lae  occas iona l ly  
b r a n c h  a n d  m a y  re jo in  t he  g u t  surface  to  fo rm loops. 
T h e r e  is cons ide rab le  v a r i a t i o n  in t h e  t h i c k n e s s  of t h e  epi- 
t h e l i u m  (compare  F igures  2 a n d  3) a n d  lamel lae  are longer  
a n d  more  n u m e r o u s  on  t he  t h i c k e r  p r o j e c t i n g  regions.  

A f inely  f i l amen tous  coa t  c a n  be  seen e x t e r n a l  to  t h e  
surface  p l a s m a  m e m b r a n e .  Smal l  sur face  depress ions  or 
caveolae ,  p r e s u m a b l y  i n d i c a t i v e  of microp inocy tos i s ,  c an  
also be  seen on  t h e  g u t  surface.  The  basa l  p l a s m a  m e m -  
b r a n e  is s e p a r a t e d  f rom a l aye r  of f ib rous  i n t e r s t i t i a l  
m a t e r i a l  b y  a ba sa l  l amina .  T h e  basa l  p l a s m a  m e m b r a n e  
is t h r o w n  in to  n u m e r o u s  long  i n v a g i n a t i o n s  w h i c h  pene-  

t r a t e  a l m o s t  t h e  en t i r e  d e p t h  of t h e  e p i t h e l i u m  (Figures  2 
a n d  3). I t  is p r o b a b l e  t h a t  these  i n v a g i n a t i o n s  are  s lot- l ike 
a n d  n o t  t u b u l a r .  

C o n t a c t  b e t w e e n  t h e  g u t  e p i t h e l i u m  a n d  t h e  pa ren -  
c h y m a  is p r o v i d e d  b y  n u m e r o u s  j u n c t i o n a l  complexes  

1 L.T. THREADGOLD, Q. Jl microsc. Sci. 104, 505 (1963). 
P. BURTON, J. Parasit. 52, 926 (1966). 

Fig. 1. Line drawing illustrating the fine structure of generalized 
S. mansoni gut epithelium. B, basal invagination; BL, basal lamina; 
C, micropinocytotic caveolus; ER, endoplasmic reticulum; F, fibrous 
layer; G, Golgi complex; GL, gut lamella; H, hemoglobin; JC, junc- 
tional complex ; L, lipid-like droplet ; M, mitochondrion ; MU, muscle; 
N, nucleus; S, dense secretion body. 

Fig. 2. Thin epithelium from mid-region of a female worm. Numerous dense configurations are visible in the lumen. × 25,000. 
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(see F igu re  1). P a r e n c h y m a l  p ro j ec t i ons  p e n e t r a t e  the  
f ib rous  layer  a n d  basa l  l a m i n a  a n d  are  coup led  to  t he  ba se  
of t h e  g u t  e p i t h e l i u m  b y  j u n c t i o n a l  complexes  wh ich  a re  
a p p a r e n t l y  iden t i ca l  to  t hose  desc r ibed  p rev ious ly  for  
Fasciola hepatica 3. 

A t  i ts  a n t e r i o r  end  t he  g u t  is s e p a r a t e d  f rom the  h igh ly  
folded a n d  m u c h  modi f ied  t e g m n e n t  which  l ines t h e  
oesophagus  4 b y  a s e p t a t e  desmosome.  Red  b lood cells 
a re  a p p a r e n t l y  lysed i m m e d i a t e l y  u p o n  inges t ion ,  b u t  
w h i t e  b lood  cells in  v a r y i n g  s t a t e s  of d e g e n e r a t i o n  can  be  
seen t h r o u g h o u t  t he  l e n g t h  of t he  oesophagus  a n d  in t h e  
a n t e r i o r  g u t  lumen .  Since d a r k  ' secre t ion  bodies '  c an  be 
seen in  t he  oesophagus  l in ing  a n d  since wh i t e  b lood  cells 
in  t h a t  reg ion  show signs of degenera t ion ,  i t  is p r o b a b l e  
t h a t  ex t r ace l l u l a r  d iges t ion  beg ins  t h e r e  a n d  c o n t i n u e s  in 
t h e  gut .  

N u m e r o u s  m i t o c h o n d r i a  a n d  a n  e x t e n s i v e  endop la smic  
r e t i c u l u m  a re  p r e sen t  in  t he  g u t  ep i the l ium.  T h e b a s a l  
i n v a g i n a t i o n s  are  l ined over  m u c h  of t he i r  l e n g t h  b y  endo-  
p la smic  r e t i cu lum,  a n d  i t  is of i n t e r e s t  to  no te  t h a t  r ibo-  
somes  are a b s e n t  f rom the  m e m b r a n e  m o s t  closely appl ied  

to t h e  surface  of t h e  basa l  i n v a g i n a t i o n  (see F igures  1 
a n d  2). T h e  c i s t e rnae  of t h e  endop la smic  r e t i c u l u m  are  
o f t en  d i s t e n d e d  a n d  c o n t a i n  a n  a m o r p h o u s  m a t e r i a l  of 
app rec i ab l e  dens i ty .  T h e  p resence  of p ro t e in  s y n t h e s i s  in  
t h e  e p i t h e l i u m  is i nd ica t ed  b y  t h e  o b s e r v a t i o n  t h a t  elec- 
t r o n - d e n s e  bodies  enclosed b y  a u n i t  m e m b r a n e  are  found  
in assoc ia t ion  wi th  s ca t t e r ed  Golgi  complexes  (Figure  3). 

N u m e r o u s  l ipid-l ike d rop le t s  c an  be  obse rved  b o t h  in 
t h e  g u t  l u m e n  a n d  w i t h i n  t h e  ep i the l i a l  cy top l a sm.  Whi le  
m a n y  of these  d rop le t s  are in tac t ,  o the r s  are  in  va r ious  
s tages  of b r e a k d o w n  (see F igure  5). Some  of t h e  d rop le t s  

S S. S. E. GALLA(;ItER and I.. T. TIIREAI~GOLD, Parasitology, in 
press (1967). 

4 G. P. MORRIS and L. T. TnREAI)GOLI~, unpubli.~hed. 

Fig. 4. Acid phosphatase activity in gut lamellae of a female worm. 
× 34,000. 

Fig. 3. Epithelium from anterior region of a male worm. × 40,000. Fig. 5. Epithelial surface from posterior tip of a female worm showing 
lipid-like droplets in varying states of degeneration. × 32,000. 
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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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