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C h a n g e s  O b s e r v e d  in the  F S H  and  LH Cel l s  o f  the  A d e n o h y p o p h y s i s  o f  Presbytis entellus entellus 
F o l l o w i n g  C a d m i u m  I n d u c e d  T e s t i c u l a r  N e c r o s i s  1 

A single  i n j ec t i on  of c a d m i u m  ch lor ide  in e f fec t ive  
q u a n t i t y  causes  severe  d a m a g e  to  t h e  s c ro t a l  tes t is .  T h e  
c h a n g e s  t h a t  occur  in  t h e  t e s t i s  a f t e r  c a d m i u m  a d m i n i s t r a -  
t i o n  a re  co r re l a t ed  w i t h  t hose  no t i ced  in  t h e  p e r i p h e r a l  
a n d  c e n t r a l  g o n a d o t r o p h s  of t h e  a d e n o h y p o p h y s i s  of t h e  
r a t  2. I n  t he  m o n k e y  Macacus irus, GIROD 3 o b s e r v e d  
c y t o p l a s m i c  v a c u o l a t i o n  of fo l l i cu lo t rophs  ( F S H  cells) 
fo l lowing s.c. i n j ec t i on  of c a d m i u m  chlor ide .  De ta i l ed  
s tud ie s  on  t h e  p i t u i t a r y  g l a n d  of t h e  l a n g u r  (Presbytis 
e. entellus) h a v e  s h o w n  6 t ypes  of cells in  t h e  adeno-  
h y p o p h y s i s  whose  func t i ons  are  t e n t a t i v e l y  d e t e r m i n e d  4. 

F o u r t e e n  sexua l ly  a c t i v e  ma le  l angur s  were  i n j ec t ed  
w i t h  c a d m i u m  chlor ide  i n t r a t e s t i c u l a r l y  or  s u b c u t a -  
neous ly  a t  1.0, 2.5, 5.0 a n d  10.0 m g / k g  dose levels.  Th e  
a n i m a l s  i n j ec t ed  w i t h  h i g h e r  dose  (2.5, 5.0 a n d  10.0 rag) 
of c a d m i u m  were  a u t o p s i e d  a t  a n  i n t e r v a l  of 3, 33, 39 
a n d  41 days ,  whereas  t he  a n i m a l s  which  rece ived  1.0 m g / k g  
were au tops i ed  a t  126 days  a n d  1 yea r  of in t e rva l .  
The  p i t u i t a r y  g l ands  of these  l angu r s  were f ixed in 
He l ly ' s  f luid for  24 h. S a g i t t a l  sec t ions  of t he  p i t u i t a r y  
g l ands  were  cu t  4 ~tm t h i c k  a n d  were s t a i n e d  b y  Per iod ic  
Schif f ' s  (PA S) -orange  G - m e t h y l  b lue  t e c h n i q u e  of X, VILSO• 
a n d  EZRIN 5, P i t u i t a r y  g lands  of 2 u n t r e a t e d  ma les  se rved  
as controls .  

I n  t h e  langur ,  t h e  F S H  cells are  large  a n d  ova l  in  
s h a p e  (F igure  1) m e a s u r i n g  a b o u t  22 lzm in d i a m e t e r .  
T h e i r  granules ,  w h i c h  a re  coarse,  s t a i n  purple .  T h e s e  
cells are  c o n c e n t r a t e d  in t h e  zona  t u b e r a l i s  of t h e  a d e n o -  
hypophys i s .  T h e  L H  cells a re  smal l ,  ova l  (F igure  3) a n d  
m e a s u r e  a b o u t  13 ~m. T h e i r  f ine g ranu les  s t a i n  m a g e n t a  
red.  T h e  L H  cells are  d i s t r i b u t e d  t h r o u g h o u t  t h e  a~leno- 
h y p o p h y s i s .  Fo l lowing  c a d m i u m  a d m i n i s t r a t i o n ,  w h e n  
t h e  F S H  cells in i t i a l ly  u n d e r g o  e x t e n s i v e  c y t o p l a s m i c  
v a c u o l a t i o n  (Figure  2), t h e  L H  cells e x h i b i t  inc reased  
g r a n u l a t i o n  (Figure  4). A t  1 y e a r  in t e rva l ,  a f t e r  1.0 m g / k g  
of c a d m i u m  in jec ted  i n t r a t e s t i cu l a r l y ,  b o t h  t he se  gonado-  
t r o p h s  e x h i b i t e d  r ecove ry  to  n o r m a l  cond i t ion .  Th i s  cor-  
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Fig. 1. Zona tuberalis of the adenohypophysis of an untreated male langur showing large oval FSH cell. × 1000. 

Fig. 2. Following the administration of 10.0 mg/kg of cadmium, the FSH cells undergo cytoplasmic vaeuolation. × 1000. 

Fig. 3. Small oval LH cells of untreated male. Note the fine granules, x 1000. 

Fig. 4. These cells exhibit intense granulation after cadmium treatment. × I000. 
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r e l a t e d  well  w i t h  t h e  r e s t o r a t i o n  of b o t h  t h e  g e r m i n a l  
e p i t h e l i u m  a n d  i n t e r s t i t i a l  t i ssue  of t he  testes.  

Fo l lowing  c a d m i u m  t r e a t m e n t  in  t he  rat, ALLANSON 
a n d  DEANESLY z r e p o r t e d  t h e  r eve r s ion  of c e n t r a l  gonado-  
t r o p h s  r e spons ib le  for  L H  sec re t ion  w i t h  t h e  r e g e n e r a t i o n  
o f  t h e  i n t e r s t i t i u m  in  t h e  tes tes ,  w he r ea s  t h e  p e r i p h e r a l  
g o n a d o t r o p h s  w h i c h  secre te  F S H  r e t a i n e d  c a s t r a t i o n  
¢eatures .  I n  Macaca irus, GIROD s obse rved  c y t o p l a s m i c  
v a c u o l a t i o n  of F S H  cells a n d  h y p e r p l a s i a  of L T H  cells. 
Acco rd ing  to  h im,  however ,  t h e  L H  cells d id  n o t  show 
a n y  s ign i f i can t  change .  U n d e r  h y p e r a c t i v i t y ,  F S H  a n d  
L H  cells of t h e  l a n g u r  do  n o t  e x h i b i t  t h e  cha rac t e r i s t i c  
h y M i n i z a t i o n .  However ,  l ike in  M. irus 3, t h e  F S H  cells 
of t h e  l a n g u r  unde rgo  c y t o p l a s m i c  v a c u o l a t i o n  in i t i a l ly  
fo l lowing c a d m i u m  t r e a t m e n t .  

Zusammenlassung. D a  K a d m i u m  schwere  SchAdigun-  
gen im H o d e n  h e r v o r r u f e n  kann ,  wurde  die A d e n o h y p o -  
physe  bei  14 mi tnn l i chen  Presbytis entellus entellus n a c h  
tes t ikulArer  Nekrose  u n t e r s u c h t .  Die  v e r s c h i e d e n e n  Zellen 
de r  A d e n o h y p o p h y s e  ze igen u n t e r s c h i e d l i c h e  R e a k t i o n e n ,  
z u m  Tell  m i t  V a k u o l e n  u n d  G r a n u l a t i o n e n .  N a c h  A b l a u f  
e ines  J a h r e s  wi rd  e ine  E r h o l u n g  so lcher  Zel len b e o b a c h t e t  
m i t  g le ichze i t iger  R e g e n e r a t i o n  des H o d e n e p i t h e l s  u n d  
de r  Zwischenzel len .  
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Competition Between Strains of Drosophila wiUistoni and D. pseudoobscura 

A n  i m p o r t a n t  c o m p o n e n t  of t h e  e n v i r o n m e n t  of a 
p o p u l a t i o n  is t h e  p resence  of o t h e r  species w i t h  which  
i t  m a y  c o m p e t e  for  t h e  a v a i l a b l e  resources  of food a n d  
l iv ing  space.  P e r f o r m a n c e  in c o m p e t i t i o n  m a y  t h e n  be  
used  as a measu re  of p o p u l a t i o n  f i tness .  W e  h a v e  s tud ied  
e x p e r i m e n t a l l y  t h e  c o m p e t i t i o n  b e t w e e n  4 gene t ica l ly  
d i f f e ren t  s t r a i n s  of Drosophila willistoni a n d  one  of 
D. pseudoobscura. 3 s t r a i n s  of D. willistoni, 'M18' ,  ' M l l '  
a n d  ' R P 3 '  were  h o m o z y g o u s  for  wi ld  second  c h r o m o s o m e s  
o b t a i n e d  f rom n a t u r a l  popu l a t i ons .  T h e  f o u r t h  s t ra in ,  
' P O L ' ,  was  e s t ab l i shed  w i t h  t h e  F 1 progenies  of c h a i n  
crosses a m o n g  t h e  p r e v i o u s  3 a n d  12 o t h e r  s t ra ins ,  also 
h o m o z y g o u s  for  wild  second ch romosomes .  T he  compe t i -  
t i on  was  s tud ied  a t  3 t e m p e r a t u r e s ,  20, 22 a n d  25°C. 
The  p o p u l a t i o n s  are  m a i n t a i n e d  b y  t he  serial  t r a n s f e r  
t e c h n i q u e  L T h e  flies are  c o u n t e d  once  a week. 

The  resu l t s  are  s u m m a r i z e d  in Tab le s  I a n d  I I .  The  
o u t c o m e  of t h e  c o m p e t i t i o n  d e p e n d s  on  b o t h  t he  geno-  
t y p e  a n d  t he  t e m p e r a t u r e .  A t  25 °C, D. pseudoobscura was 
e l i m i n a t e d  b y  3 s t r a i n s  of D. wil~stoni, b u t  i t  e l i m i n a t e d  

Table I. The outcome of the competition between Drosophila willi- 
stoni and D. pseudoobscura in the populations where one of the 
species was eliminated 

Population Species Weeks to 
eliminated elimination 

At 25 °C 
POL pseudoobscura 18 
M 18 pseudoobscura 18 
Mll  pseudoobscura 43 
RP3 willistoni 13 
At 22 °C 
POL pseudoobscura 54 
M11 willistoni 41 
RP3 wiUistoni 15 

Table II. Mean number of flies in the populations where Drosophila 
willistoni and D. pseudoobscura coexist 

Population D. pseudoobscura D. wiUistoni 

At 20 °C 
POL 236 4- 19 737 4- 66 
M18 152 4- 15 720 4- 55 
Ml l  365 + 27 453 4- 42 
RP3 353 ± 23 449 + 48 
At 22 °C 
M18 112 4- 9 630 4- 41 

The means are calculated from week 6-55. Number of counts = 48. 

t he  four th .  A t  22 °C, D. pseudoobscura e l i m i n a t e d  2 h o m o -  
zygous  s t ra ins ,  coex i s ted  w i t h  a th i rd ,  a n d  was  e l i m i n a t e d  
b y  t h e  gene t i ca l ly  p o l y m o r p h i c  s t ra in .  At  20°C t h e  two  
species seem to  be  a b o u t  even  compe t i t o r s .  The re  is 
also a n  i n t e r a c t i o n  be tween  g e n o t y p e  a n d  t e m p e r a t u r e .  
R P 3  is t h e  weakes t  c o m p e t i t o r  a m o n g  al l  s t r a i n s  a t  
22 a n d  25°C, b u t  a t  20°C i t  is no t  s ign i f i can t ly  d i f f e r en t  
f r o m  M l l .  T h e  M18 a n d  P O L  s t r a i n s  a re  a p p r o x i m a t e l y  
e q u a l  a t  20 a n d  25°C, b u t  a t  22°C P O L  is t h e  s t r o n g e r  
c o m p e t i t o r .  

A f t e r  55 weeks,  or  some 20 genera t ions ,  t h e  two  species  
coexis t  a t  20 °C, t h e i r  n u m b e r s  osc i l la t ing  a r o u n d  a v e r a g e  
va lues  w h i c h  d e p e n d  on  t he  gene t ic  c o m p o s i t i o n  of t he  
c o m p e t i n g  s t ra ins .  T h e  pr inc ip le  of c o m p e t i t i v e  exclus ion,  
or  Gause ' s  pr inciple ,  is s o m e t i m e s  f o r m u l a t e d  : two  species 
c a n n o t  coexis t  if t h e y  c o m p e t e  for t he  s a m e  l i m i t i n g  
resources .  Or, in more  precise  t e r m s :  two  species c a n n o t  
coex is t  if t h e y  i n h i b i t  t h e  g r o w t h  of t h e  o t h e r  species 
more  t h a n  t h e y  i n h i b i t  t h e i r  o w n  g rowth .  In  t h e  exper i -  
m e n t a l  popu la t i ons ,  D.  pseudoobscura a n d  D. willistoni 
c o m p e t e  for  t h e  s a m e  l i m i t i n g  resources .  T h e  s t r a i n s  M l l  
a n d  R P 3  of D. willistoni a n d  t h e  D. pseudoobscura s t r a i n  
were  s t ud i ed  in s ingle-species  cu l tu re s  a t  20 °C m a i n t a i n e d  
in t h e  s a m e  way  as t h e  two-species  cu l tures .  Af te r  a n  
equ i l i b r ium was  reached ,  t he  m e a n  n u m b e r  of flies in 
t he  s ingle-species  p o p u l a t i o n s  was  a b o v e  1200 for each  
of t h e  D. willistoni s t r a i n s  a n d  a b o v e  800 for  D. pseudo- 
obscura. These  m e a n  n u m b e r s  are  more  t h a n  twice  as  
large  as t he  m e a n  n u m b e r s  in  t he  two-species  p o p u l a t i o n s  
of these  s t ra ins .  The  2 species indeed  i n h i b i t  e a c h  
o t h e r ' s  g r o w t h  more  t h a n  t h e i r  own.  These  resu l t s  con-  
f i rm those  o b t a i n e d  in t h e  c o m p e t i t i o n  be tween  D. serrata 
a n d  D. pseudoobscura ~ a n d  w a r r a n t  t h e  r e j ec t ion  of t h e  
p r inc ip le  of c o m p e t i t i v e  exclus ion s . 

Resumen. E1 r e su l t ado  de la c o m p e t e n c i a  e n t r e  Droso- 
phila willistoni y D. pseudoobscura depende  de  la cons t i -  
t uc i6n  gen6t ica  de las es t i rpes  que  c o m p i t e n  y de  la 
t e m p e r a t u r a .  A 20°C las dos  especies coexis ten ,  lo cual  
ind ica  que  el p r inc ip io  de exclus i6n c o m p e t i t i v a  no  es 
u n i v e r s a l m e n t e  v~lido. 
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