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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 
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Uptake of aH-(--)-noradrenaline (dpm/g) and the noradrenaline content (p~g/g) in rat hearts before and after i.p. treatment with guanethidine 
(25 mg/kg/day) 

Days of treatment Control Guanethidine 

aH-(-7-NA) (dpm/g) NA ([zg/g) ~H-(--)-NA (dpm/g) NA ([zg/g) 

7 87232 :f= 13444 (4) 1.00 -4- 0.08 (4) 95850 • 13028 (4) 0.24 4- 0.08 (4) 

14 91808 -4- 8031 (4) 1.12 ~ 0.03 (4) 45842 =~: 2921 (3) 0.06 =~ 0.01 (3) 

21 78858 ~ 1860 (3) 0.90 ~ 0.06 (3) 31909 -b 3520 (3) 0.10 q- 0.01 (3) 

Mean values ~ SEM. Number of animals in parenthesis. 

adu l t  a n d  n e w b o r n  r a t s  ~-s. F u r t h e r m o r e ,  g u a n e t h i d i n e  
was r epo r t ed  to  cause  i n h i b i t i o n  of u p t a k e  as well  as a 
release of 3H-noradrena l ine  f rom t h e  h e a r t  s. I t  was 
the re fore  of i n t e r e s t  to  s t u d y  t he  effect  of chronic  ad-  
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  on t he  t u r n o v e r  of n o r a d r e n -  
a l ine  in  t he  r a t  hear t .  

Mater ia l s  and  methods. In  t he  expe r imen t s ,  ma le  W i s t a r  
r a t s  (TNO W.70) of a b o u t  130-160 g were used. The  
an ima l s  were k e p t  u n d e r  con t ro l led  cond i t ions  of l igh t  
and  da rkness  (12:12 h) w i t h  food and  w a t e r  ad  l i b i t um.  
The  n o r a d r e n a l i n e  t u r n o v e r  in  t he  h e a r t s  was  d e t e r m i n e d  
in t he  per iod  of l igh t  as descr ibed  p rev ious ly  10: 7, 14, a n d  
21 days  a f te r  da i ly  i.p. a d m i n i s t r a t i o n  of 25 m g / k g  
g u a n e t h i d i n e  sulfate,  t he  u p t a k e  of a l l - ( - - ) - n o r a d r e n a l i n e  
(spec. a c t i v i t y  8.7 C i /mmole ;  R a d i o c h e m i c a l  Centre ,  
A m e r s h a m )  b y  t he  r a t  h e a r t s  was  d e t e r m i n e d  30 m i n  
a f te r  i.v. i n j ec t ion  of 10 ixCi/kg of t h e  t r i t i a t e d  amine .  
An imals  which  h a d  received on ly  0.9% NaC1 i.p. se rved  as 
controls .  The  n o r a d r e n a l i n e  (NA) c o n t e n t  in  t he  h e a r t s  
was  d e t e r m i n e d  b y  t h e  m e t h o d  of CHANt 11. The  u p t a k e  
b y  t he  h e a r t s  was  expressed  as d p m  3H - ( - - ) - N A / g  hea r t .  
The  half-l ife of t he  card iac  N A  was ca lcu la ted  b y  t h e  
decay  of t h e  specific a c t i v i t y  0.5, 3, 6, a n d  9 h a f te r  t h e  
in jec t ion  of ~H-( - - ) -NA.  

Results .  Afte r  7 days  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  
(25 mg /kg /day ,  i.p.), t h e  u p t a k e  of 3H- ( - - ) -NA b y  ti le 
r a t  h e a r t s  was no t  a l t e red  30 m i n  a f te r  i.v. i n j ec t ion  of t he  
label led  NA, w h e n  c o m p a r e d  w i t h  con t ro l  an ima l s  wh ich  
h a d  received on ly  0.9% NaC1 (Table).  However ,  t he  
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Decay of the specific activity of noradrenaline in rat heart after 
3 weeks treatment with guanethidine (25 mg/kg/day). 0 - - 0 ,  control; 
�9169 guanethidine treatment. Each point represents the mean 
value 2~ SEM from 3-5 animals. 

endogenous  N A  c o n t e n t  in  t he  h e a r t  was decreased  b y  
a b o u t  75%.  14 days  a f t e r  t he  b e g i n n i n g  of t he  t r e a t m e n t  
w i t h  guane th id ine ,  t he  N A  c o n t e n t  was a l m o s t  comple te ly  
decreased  to  a b o u t  5% of control .  A t  th i s  t ime,  t he  u p t a k e  
of al l-(  - - ) - N A  b y  t he  h e a r t s  was d i m i n i s h e d  to a b o u t  50% 
of t h e  con t ro l  u p t a k e  obse rved  in u n t r e a t e d  animals .  
F ina l ly ,  3 weeks 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  showed no 
f u r t h e r  decrease  of t he  endogenous  N A  c o n t e n t  in t he  
hear t s .  The  u p t a k e  of label led  N A  in these  h e a r t s  was  
r educed  to  a b o u t  40% of control .  As can  be  seen f rom the  
figure,  t he  half- l i fe  of N A  (t 1/2 = 4 h) was  g rea t ly  r educed  
in  t h e  h e a r t s  of an ima l s  t r e a t e d  w i t h  g u a n e t h i d i n e  for 
3 weeks. The  half- l i fe  of t he  card iac  N A  in t he  con t ro l  
an ima l s  (t 1/2 = 12 h) was  in t he  same r ange  as p rev ious ly  
descr ibed 1% In te re s t ing ly ,  t h e  t u r n o v e r  of t h e  card iac  NA 
of t h e  g u a n e t h i d i n e - t r e a t e d  r a t s  (0.017 ~zg/g/h) was a b o u t  
1/3 of t h a t  of t h e  con t ro l  h e a r t s  (0.057 ~zg/g/h), t h o u g h  t h e  
endogenous  N A  c o n t e n t  was decreased  to  a b o u t  10% of 
t h e  con t ro l  values.  

Discuss ion.  The  gross dep le t ion  of card iac  n o r a d r e n a l i n e  
caused  b y  chronic  a d m i n i s t r a t i o n  of 25 m g / k g / d a y  of 
g u a n e t h i d i n e  descr ibed  here  is in accordance  w i t h  ear l ier  
f ind ings  1, 2. I t  .~s r e m a r k a b l e  t h a t  a f t e r  7 days  t r e a t m e n t  
w i t h  t he  drug,  t he  u p t a k e  of ~H-( - - ) - N A  was no t  i n h i b i t e d  
30 ra in  a f te r  i.v. i n j ec t ion  of labe l led  amine .  This  is in  
c o n t r a s t  to  resul t s  f rom acu te  expe r imen t s ,  in  w h i c h  
g u a n e t h i d i n e  (20 mg/kg)  g rea t ly  i n h i b i t e d  t h e  N A  u p t a k e  
b y  r a t  hear t s ,  w h e n  a d m i n i s t e r e d  30 mil l  before  3H- 
noradrena l ine% I n  our  chron ic  expe r imen t s ,  a decreased  
u p t a k e  of a t t - ( - - ) - N A  b y  t h e  h e a r t s  was  on ly  obse rved  
a f t e r  14 a n d  21 days  of da i ly  t r e a t m e n t .  Since i t  was  
r epo r t ed  t h a t  p ro longed  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 t h e  r a t  caused  h is to logica l  d a m a g e  to  t he  adrenerg ic  
sys t em 6-8, i t  can  be  a s sumed  t h a t  t he  decreased  u p t a k e  of 
3H-( - - ) - N A  b y  t h e  h e a r t  a f t e r  14 a n d  21 days  of 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  is p r o b a b l y  due  to a pa r t i a l  degene ra t i on  

1 p. A. SHORE, Pharmac. Rev. 7d, 531 (1962). 
2 L. L. IVERSEN, The Uptake and Storage oJ Noradrenaline in 

Sympathetic Nerves (Cambridge University Press 1967). 
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s O. ERKNK6 and L. ERJKNK6, Histochem. J. 3, 451 (1971). 
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Pharmac. 278, 107 (1973). 
11 C. C. C•ANO, Int. J. Neuropharmae. 3, 643 (1964). 



15. 4. 1974 Specialia 381 

of s y m p a t h e t i c  neurons.  However ,  the  reduced  half-life 
of cardiac  noradrena l ine  af ter  chronic admin i s t r a t i on  of 
guane th id ine  indicates  t h a t  syn thes i s  of N A  still occurred 
and t h a t  t h e  organism t r ied  to  compensa t e  for t he  
deple ted  stores of t he  neu ro t r ansmi t t e r ,  noradrenMine.  
These b iochemical  resul ts  are suppor t ed  by  h is tochemica l  
f indings.  A comple te  deple t ion  of NA in the  s y m p a t h e t i c  
nerves  of r a t  iris was  observed  af ter  3 weeks  t r e a t m e n t  
wi th  guane th id ine  (25 mg/kg/day) .  However ,  a f ter  a 
pro longed t r e a t m e n t  w i th  the  same dose up to  5 weeks, a 
ref i l lment  in some of t he  s y m p a t h e t i c  nerves  in ra t  iris 
was observed  15 mii1 af ter  i.v. in ject ion of 0.2 ~zg/kg 
c~-methyl-noradr enaline xe. 

rung des endogenen  Noradrena l ingeha l tes  im Herzen  zu 
einer  ausgepri igten Ve rminde rung  der  A u fn ah me  yon  
~H-( - - ) -Noradrena l in  und  zu e inem s ta rk  beschleunig ten  
Noradrena l inumsa tz .  

B. LEMMER 18, R. SALLER and  H. GROBECKER 

Zentrum der Pharmakologie, J. W. Goethe Universitiit, 
Theodor-Stern-Kai 7, D-6  Franh/~rt am Main  
(Federal Republic o/Germany), 12 October 7973. 

Zusammen/assung. Chronische Behand lung  mi t  Guane- ~2 H. GROBECKER and t3. LE,XIM~E, in preparation. 
th id in  f t ihrte bei R a t t e n  neben  einer  s t a rken  Verminde-  1~ Supported by a grant of the Deutsche Forschungsgemeinsehaft. 

Aphrodisiac Effect of L-DOPA and Apomorphine 

In  our f i rs t  r epor t  on the  s t imu la to ry  effect  of para-  
ch lorophenyla lan ine  (PCPA) on male sexual  ac t iv i ty  in 
rats,  we observed  t h a t  male  to  male  m o u n t i n g  behav ior  
p roduced  by  th is  drug was grea t ly  p o t e n t i a t e d  by  par-  
gyline, a monoamine -ox idase  inh ib i to r  1. Since the  ad- 
min i s t r a t ion  of pargyl ine  to animals  t r ea t ed  wi th  PCPA,  
a specific inh ib i to r  of sero tonin  syn thes i s  ~, p roduces  a 
selective accumula t ion  of bra in  ca techolamines  in the  
absence  of serotonin,  we suggested t h a t  th is  m o n o a m i n e  
m i g h t  inh ib i t  and  ca techolamines  s t imula te  sexual  
behav ior  in rome animals  1. 

The p resen t  r epor t  shows t h a t  e i ther  apomorph ine ,  or a 
combina t ion  of Ro 4-4602 wi th  L-DOPA, increases the  
copu la to ry  behav ior  of sexual ly  s luggish male  rats ,  and  
t h a t  th is  effect  is p r even t ed  by  haloperidol .  In  addi t ion ,  
ha loper idol  suppresses  t he  spon taneous  copu la to ry  
behav iour  of ra t s  w i th  high level of sexual  ac t iv i ty .  These 
resul ts  suggest  t h a t  b ra in  dopamine  s t imula tes  copula tory  
behav ion r  in male  ra ts .  

Male wis ta r  rats ,  weighing 300 350 g, were housed 
individual ly ,  s t a r t ing  a t  least  1 week before the  beg inn ing  
of the  expe r imen ta l  period,  unde r  a reversed  l igh t -da rk  
cycle (with l ight  f rom 21.00 h to  09.00 h) and  fed ad 
l ib i tum.  E a c h  ra t  u n d e r w e n t  4 m a t i n g  tes t s  w i t h  a female  
in oestrus,  a t  weekly  intervals ,  as descr ibed below. A t  t he  

in Male Sexually Sluggish Rats 

end of th is  t r a in ing  period,  50 of these  ra t s  which  did no t  
reach e jacula t ion  in 3 out  of 4 of the  m a t i n g  tests ,  were 
classified as sexual ly  sluggish and  selected for th is  s tudy.  

Female  wis ta r  ra t s  were ovar iec tomized  3 weeks 
before use and b ro u g h t  in to  hea t  by  s.c. in jec t ions  of 
oest radiol  and proges te rone  in olive oil a. Mat ing  tes t s  
were carr ied out  dur ing  the  da rk  phase  of the  cycle, f rom 
10.00 h to 12.00 h, in a red l ight.  

A female was in t roduced  into t he  male ' s  own cage 
and  the  t e s t  was t e r m i n a t e d  if the  male ra t  failed to  
e jacula te  wi th in  30 min.  P a t t e r n s  of copu la to ry  behav iour  
were scored according to BEActt~. E v e r y  an imal  received 
one ma t i n g  t es t  under  each of the  6 t r e a t m e n t s  tes ted,  
according to  a la t in  square  design. 

The Table  shows the  effect  of apomorph ine  and  a 
combina t ion  of L-DOPA wi th  Ro 4-4602, a per iphera l ly  
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Stimulation by apomorphine or L-DOPA of the copulatory behaviour of male sluggish rats and inhibition of this effect by haloperidol 

Treatment Haloperidol 
(mg/kgi.p.) 

% of animals exhibiting at least one 

Mounting �9 Intrornission �9 ]~jaculation ~ 

Saline -- 58 54 14 

Apomorphine -- 80 80 62 

Ro4-4602 + L-DOPA - -  90 90 64 

Saline 1 0 0 0 

Apomorphine 1 20 20 12 

Ro 4-4602 + L-DOPA 1 10 10 0 

Each values was obtained from 50 rats. Each rat underwent different mating tests, at weekly interval, with and without treatment. Two doses 
of L-DOPA (100 mg/kg each) were injected i.p. 20 and 50 rain after Ro 4-4602, respectively. The experiment was performed x/2 h after the 
last treatment. �9 Occurring within 30 rain after male and female rats were paired. Apomorphine (0.5 mg/kg) and haloperidoI were injected 
15 rain and 2 h prior to the mating test, respectively. 


