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Variat ion  of N u c l e a r  S ize  of N e u r o n s  of the V e n t r o m e d i a l  N u c l e u s  in Re la t ion  to 
S p e r m a t o g e n e s i s  in the Squirre l  M o n k e y  (Saimiri sciureus) 

The hypo tha l amic  ven t romed ia l  nucleus (VMN) has 
been impl ica ted  in the  regulat ion of g rowth  ho rmone  1, 
adrenal  s teroids e, gonadal  steroids~ and of food in take  4 
and hemorrhag ic  stress response  5. The VMN toge the r  
w i th  the  a rcua te  nucleus is known as a ' tonic  center '  for 
control  of gonado t roph in  releasing ho rmone  secret ion s. 
S t imula t ion  in the  VMN induces far- reaching changes  in 
t he  tubules  and  Leydig  cells 7 and  the  VMN is one of t he  
areas where  t es tos te rone  concen t ra t ing  neurons  are 
found s. On the  o ther  hand,  tes t icular  func t ion  is impai red  
af ter  des t ruc t ion  of the  VMNg: 

The par t i c ipa t ion  of VMN in spermatogenes i s  is not  
well unders tood.  Therefore,  as pa r t  of a s t u d y  inves t iga t -  
ing morphological  sex differences in the  l imbic and 
h y p o t h a l a m i c  s t ruc tures  involved in reproduc t ive  act iv-  
i ty  10, nuclear  size of neurons  in t he  VMN, lateral  s ep t u m 
(LS) and ven t ra l  h ippocampus  (VH) was measured  in 
normal  male  and  ovar iec tomized  female squirrel monkeys  
on rep lacement  es t rogen/proges te rone  the rapy .  Bo th  the  
LS and  V H  have  also been descr ibed as being involved in  
reproduc t ive  ac t iv i ty  8. The average nuclear  d iameters  of 
200 cells f rom VM, LS and V H  were compared  wi th  
endomet r ia l  ac t iv i ty  in females  and the  stage of sperma-  
togenic ac t iv i ty  in males. The par ie ta l  p a r t  of the  cerebral  
cor tex  (CC) was selected as a cont ro l  area w i thou t  any  
known  re levan t  endocr ine  act iv i ty .  

Materials  and methods. Squirrel  monkeys  (Saimiri  
sciureus) were housed  at  25 ~ • 1 ind iv idua l ly  for a t  least  
3 weeks pr ior  to  s tudy  and  were fed monkey  chow and  
given water ,  ad l ib i tum.  5 ma tu r e  females  were ovari-  
ec tomized  and  left und i s tu rbed  for 1 Week. They were 
t h e n  t r ea t ed  wi th  a dai ly i.m. dose of 2.5 mg  es t radiol  
benzoa te  and 12.5 mg of p roges te rone  ~ for 10 days.  
These females and  10 normal  males  were left und i s tu rbed  
for 17 h pr ior  to  sacrifice. To avoid an a l te ra t ion  in 
nuclear  size due to  a stress response  5, the  animals  were 
quickly hepar in ized  and t h e n  decap i t a t ed  in less t h a n  
1 min  af ter  the  room was entered.  Brain perfus ion wi th  
saline t h rough  the  carot id  a r te ry  and la ter  f ixa t ion  wi th  
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Fig. 1. Nuclear size of ventromedial nucleus in the squirrel monkey. 

Bouin ' s  solut ion via  the  same route  was f inished in 5 to 
6 min  af ter  dea th  in order  to  p ro tec t  against  nuclear  
changes  due to  h y p o x i a  12. The bra ins  were emb ed d ed  in 
paraf f in  and modif ied  SZENTHAGOTHAI et  al.9 me t h o d  1~ 
was used for m e a s u r e m e n t  of the  cell nucleus d iamete r  in 
Hematoxy l in -eos in  s ta ined  slides. 

All animals  were weighed and the  uterus  or the  tes t is  
and ep id idymis  were r emoved  and  f ixed in formalin.  The 
stage of the  e n d o m e t r i u m  and  the  n u m b e r  of spe rm cells 
in the  tes tes  and the  ep id idymis  were e s t ima ted  in 
hematoxy l in -eos in  s ta ined  slides. The average nucleus 
d iamete r s  of the  VMN cells in t he  male  were a r ranged  in 
order  according to spermatogenic  ac t iv i ty  (if more  spe rm 
cells were found  in the  tes tes  t h a n  in the  ep id idymis  - h igh 
spermatogenesis ,  if reverse - low spermatogenes i s  14 and 
were also compared  wi th  b o d y  weight .  Higher  body  
weight  has been found to  be a charac ter i s t ic  fea ture  of the  
male squirrel  mo n k ey  dur ing  the  breeding  season zl. 
Correlat ion coefficients were calcula ted be tween  the  
nuclear  size and spermatogenic  ac t iv i ty  and be tween  the  
nuclear  size and body  weight  ~5. 

Results.  A remarkab le  inverse re la t ionship  was found 
be tween  the  nuclear  size of t he  VMN neurons  in t he  male  
and  the  stage of spermatogenic  ac t iv i ty  (r = 0.84, p < 0.05). 
The animals  w i th  the  smal les t  nuclear  d iamete r  (number  
272, 286, 296) were found to  have  the  h ighes t  spermato-  
genic act iv i ty .  In  addi t ion,  these  animals  exh ib i t  very  high 
body  weight  (r = 0.72, p < 0.05) (Figure 1). In  t he  ovari-  
ec tomized  females kep t  on es t rogen/proges te rone  the rapy ,  
the  e n d o m e t r i u m  was found to  be in the  secre tory  phase  
in all animals.  The VMN ceil d i ame te r  in females showed 
no s ignif icant  differences be tween  indiv idual  animals  and  
also no correla t ion wi th  body  weight .  In  the  la teral  
septa l  area (Figure 2), in  t he  ven t ra l  h ippocampus  
(Figure 3) and in the  cerebral  cor tex x~ no s ignif icant  
differences be tween  sexes or be tween  indiv idua l  animals  
were observed.  The media l  septa l  area and  the  dorsal  
h ippocampus  were inves t iga ted  in a pi lot  s t u d y  and  found  
to be unsui tab le  for ka ryomet r i c  evaluat ion.  E a c h  of 
these areas has a very  he terogeneous  popu la t ion  of cells 
w i th  a large range of nuclear  d iamete r s  and p robab ly  
conta ins  more  t h a n  one cell popula t ion .  

Discussion.  In  the  rat ,  a s ignif icant  difference in the  
nuclear  size of h y p o t h a l a m i c  VMN neurons  has been  
repor ted  be tween  the  in tac t  male  (cont inuously  in rut) 
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a n d  in t he  i n t a c t  or  c a s t r a t e  female  zG. C a s t r a t i o n  or tes tos -  
t e rone  t r e a t m e n t  in t he  a d u l t  male  r a t  9 as well  as cas t ra -  
t i on  in t he  female  ~6 does n o t  in f luence  t he  nuc leus  size of 
V M N  neurons .  Our  f ind ings  in t he  male  squi r re l  m o n k e y  
shows a clear  inverse  r e l a t i onsh ip  be t w een  t he  nuc leus  size 
of t h e  V M N  cells a n d  t he  s p e r m a t o g e n i c  ac t iv i ty .  I n  
t h e  ova r i ec tomized  female  squi r re l  m o n k e y  k e p t  on  
e s t rogen /p roges te rone  r e p l a c e m e n t  t h e r a p y ,  t h e  ave rage  
nuc lea r  d i a m e t e r s  of t h e  V MN  cells in  5 an i m a l s  were 
no t  s ign i f i can t ly  d i f fe ren t  and  were a l m o s t  equa l  to  t he  
nuc leus  size of V M N  cell d i a m e t e r  of t he  male  w i t h  t he  
s t ronges t  spe rma togen i c  ac t iv i ty .  Th i s  d i s a g r e e m e n t  w i t h  
t he  f ind ings  of D6RNER a n d  STAUDT 16 who  found  t h e  
VMN cell size in  t he  male  r a t  w i t h  ac t ive  spe rma togenes i s  
smal le r  t h a n  in t h e  female  m a y  be r e l a t ed  to  t he  d i f fe ren t  
t y p e  of ma le  b r e e d i n g  (as t he  r a t  is a c o n t i n u o u s  b reeder  
whi le  t he  squi r re l  m o n k e y  is a seasonal ly  b reed ing  animal) .  
A n o t h e r  b u t  less l ike ly  poss ib i l i ty  is t h a t  nuc lea r  v o l u m e  
changes  in V M N  in t he  female  squir re l  m o n k e y  were 
i nduced  b y  t he  e s t rogen /p roges te rone  t r e a t m e n t .  I n  t he  
female  ra t ,  changes  of e s t rogen /p roges te rone  levels  d u r i n g  
t h e  es t rous  cycle does no t  inf luence  t he  nuc lea r  size of V M N  
cells 1,. 
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Fig. 2. Nuclear Size Spectrum of the Lateral Septal Area. 

Nuclear Size Spectrum of the Lateral Part of the Ventral Hippocampus 
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Fig. 3. Nuclear Size Spectrum of the Lateral Part of the Ventral Hip- 
pocampus. 

A s e x - d e p e n d e n t  neu ra l  con t ro l  of r e a c t i v i t y  to  e lectr ic  
foo t shock  ha s  been  found  a f te r  de s t ruc t i on  of the  VNEN 
b u t  no t  a f te r  lesions in t he  sep tum.  I n  male  rats ,  de- 
s t r uc t i on  of t he  V M N  increases  sens i t iv i ty  to  electr ic  
shocks b u t  in  t he  female  no changes  were found  is 
U n f o r t u n a t e l y ,  as t he  endocr ine  a c t i v i t y  of these  an ima l s  
was  no t  examined ,  i t  is possible  t h a t  a decrease  of 
t e s t o s t e rone  level  increased  t he  s ens i t i v i t y  to  electr ic  
shock  as. 

S t i m u l a t i o n  of V M N  cells i nduced  a m a r k e d  increase  of 
a c t i v i t y  in  mi tos i s  of s p e r m a t o g o n i a  a n d  s p e r m a t o c y t e s  
in  t he  semin i fe rous  t u b u l e s  ~ showing  t h a t  t he  V M N  exer t s  
some d i rec t  inf luence  on  spermatogenes i s .  The  f ind ings  of 
SZENTHAGOTHAI et  al. ~ t h a t  spe rma togenes i s  pers is ts  
a f t e r  V M N  des t ruc t i on  ind ica t e  t h a t  t he  VMN inf luence  on 
t e s t i cu la r  a c t i v i t y  is no t  essential .  U n i l a t e r a l  de s t ruc t i on  
of V M N  in m a n  has  been  used as a t h e r a p y  in t h e  cases of 
psychologica l  dev i a t i on  (exh ib i t ion ism,  sex offenders,  
etc.) w i t h o u t  i nduc ing  changes  in e i the r  l ib ido  or spe rma-  
togenic  a c t i v i t y  s~ 

The  VMN area  has  v e r y  close connec t ions  to  l imbic  
s y s t e m  s t ruc tu re s  l ike t he  septunl ,  a m y g d a l a  a n d  h ippo-  
campusS.  Therefore ,  i t  m i g h t  be  possible  t h a t  t he  l imbic  
s y s t e m  wh ich  m o d u l a t e s  t h e  a c t i v i t y  of t he  n e u r o n s  t h a t  
are  respons ib le  for  t he  secre t ion  of g o n a d o t r o p i n  re leas ing  
h o r m o n e s  6 inf luences  t he  h y p o t h a l a m i c  cen te r s  t h r o u g h  
V M N  neu rons  w i t h  wh ich  i t  h a s  d i rec t  connec t ions  s~. Of 
t he  l imbic  sys t em s t ruc tu re s  s tud ied  ka ryomet r i ca l ly ,  
on ly  t he  med ia l  a m y g d a l a  exh ib i t s  sex d i m o r p h i s m  ~0 b u t  
n o t  t h e  L S  or VH.  

I t  seems p r o b a b l y  t h a t  t h e  V M N  has  a mu l t ip l e  role in  
t he  r egu la t ion  of endocr ine  a c t i v i t y  and  t h a t  t he  d i f fe ren t  
s u b u n i t s  of t h i s  nuc leus  m a y  h a v e  d i f fe ren t  func t ions  ~ 
r ega rd ing  G H  ~, A C T H  9 a n d  g o n a d o t r o p h i c  secre t ion 6. 
We  can  conc lude  t h a t  in  the  squi r re l  monkey ,  a seasonal ly  
b r eed ing  an imal ,  t h e  nuc l ea r  size of t he  V M N  cells 
exh ib i t s  changes  wh ich  cor re la te  w i t h  spe rma togen ic  
ac t iv i ty .  

Zusammen/assung. Nachweis ,  dass  bet  ausgewachsenen  
To t enkop fa f f en  (Saimiri sciureus) die Ze l lke rndurch-  
messer  im Nucleus  v e n t r o m e d i a l i s  h y p o t h a l a m i  in der  
Per iode  der  h o c h a k t i v e n  Spermiogenese  k le iner  s ind als 
zu Beg inn  der  Bruns tpe r iode .  D a  das  l imbische  Sys t em 
m i t  d iesem K e r n  z u s a m m e n h ~ n g t ,  s ind  d i rek te  Einflf isse 
n i c h t  auszuschl iessen.  
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I n c r e a s e d  C a r d i a c  T u r n o v e r  of  N o r a d r e n a l i n e  a f ter  C h r o n i c  A d m i n i s t r a t i o n  of  
G u a n e t h i d i n e  in  the  R a t  

G u a n e t h i d i n e ,  wh ich  is used in  t h e  t r e a t m e n t  of 
hype r t ens ion ,  ha s  been  shown  to  cause  a dep le t ion  of t he  
p e r i p h e r a l  s tores  of n o r a d r e n a l i n e  a, s. Th i s  d rug  is t a k e n  up 
and  s to red  in t h e  s y m p a t h e t i c  gang l ion  n e r v e  cells3, 4. 

However ,  t he  gross dep le t ion  of noradrena l i l l e  is n o t  
caused  b y  a d i rec t  r e p l a c e m e n t  r eac t ion  5. Severa l  a u t h o r s  
could show t h a t  chronic  t r e a t m e n t  w i t h  g u a n e t h i d i n e  
caused  h is to logica l  d a m a g e  of t he  adrenerg ic  s y s t e m  in 


