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thro l ine  meta l  chelates  m a y  be the  CaY+-dependent 
s t imulus-secre t ion  coupling mechan i sm.  Moreover,  the  
nega t ive  chronot rop ic  act ion of T M P  (Figure 1) m a y  
reflect  its abi l i ty  to  immobil ize  Ca 2+ ions by  chelat ion.  
The act ions  on the  atr ial  p r epa ra t ion  of a va r i e ty  of 
fully co-ord ina ted  chelates  differing only in the  t rans i t ion  
meta l  ion or in the  l igand will be  repor ted  fully elsewhere.  

Zusammen[assung. Nachweis ,  dass  vol lkoordinier te  
zweiwert ige Kupfer -  und  Nickelchela te  des 3,4,7,8-  
Te t ramethy l -1 ,  10-phenanthro l ins  Muskelkraft ,  wie such  
Kon t rak t ionsgeschwind igke i t  des isolierten Meerschwein- 
chen Atr iums,  sowie H3-Noradrenal in  - und Metabol i ten-  
ausfluss vermehren .  Die durch  Chelate veranlass te  

Senkung  des Noradrena l ins  konn te  durch  Fluoreszenz-  
Hi s tochemie  best~Ltigt werden.  
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Inhibition of the Apomorphine Gnawing Compulsion by Amantadine 

A hund red  years  ago HARNACK 1 repor ted  t h a t  apo- 
morph ine  in ra ts  induces  a compuls ive  gnawing behaviour ,  
which  has been suggested to be due to  di rect  ac t ion on the  
dopaminergic  receptors  2-~. A m a n t a d i n e  is beneficial  in the  
t r e a t m e n t  of park inson ism and has cent ra l  s t imula to ry  
proper t ies ,  bu t  the  under ly ing  mechan i sms  are no t  fully 
resolvedS-S. In  order  to s tudy  the  mode  of cent ra l  ac t ion 
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Fig. 1. Inhibition of apomorphine-gnawing by metoclopramide. Meto- 
elopramide (0.5 mg/kg i.p.) or saline were injected 30 min before the 
administration of various i.p. doses of apomorphine. The gnawing 
compulsion was noted after a further 30 min using an intensity scale 
from 0 to 3. The means ~ S.E. of 10 rats are given. 

of aman tad ine ,  t he  apomorph ine  gnawing tes t  was used. 
The effects  of a m a n t a d i n e  were compared  to  those  of 
some drugs known  to act  on dopaminerg ic  receptors .  

Male Spraque-Dawley  ra ts  (230-280 g) were given 
apomorph ine  30 rain af ter  t r e a t m e n t  wi th  var ious  doses 
of chlorpromazine ,  me toc lopramide  or aman tad ine ,  or 
s imul taneous ly  wi th  L-Dopa. Af te r  a fu r ther  in te rva l  of 
30 min,  the  in t ens i ty  of the  gnawing  compuls ion  was 
no ted  using an a rb i t r a ry  scale f rom 0 to  3 (0, no gnawing;  
1, s l ight;  2, modera te  and  3, in tense  gnawing).  

Apomorph ine  caused a dose -dependen t  gnawing com- 
pulsion (Figure 1). L-Dopa (50 and 100 mg/kg  i.p.) did 
no t  induce  gnawing dur ing  the  observa t ion  per iod of 
2 h, bu t  p o t e n t i a t e d  the  effect  of apomorph ine  (Table I). 
Chlorpromazine,  me toc lopramide  and a m a n t a d i n e  inhibi t -  
ed dose -dependen t ly  the  gnawing induced by  apomorph ine  
(Figure 2). The inhib i t ion  caused by  me toc lopramide  in a 
dose of 0.5 mg/kg  i.p. seemed to  be non-compe t i t i ve  
(Figure 1). 

Apomorph ine  s t imula tes  dopaminerg ic  recep tors  even 
more  effect ively t h a n  dopamine  itself 3 and th is  p ro b ab l y  
evokes the  gnawing compulsion.  Accordingly  it is under-  
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Table I. Effect of L-Dopa on apomorphine gnawing in rats 

Drugs and dosage Gnawing (scale 0-3) 

Saline + saline 0 i 0 
Saline + L-Dopa (50 mg/kg) 0 i 0 
Saline + z-Dopa (100 mg/kg) 0 i 0 
Apolnorphine (4 mg/kg) + saline 1.4 _~_ 0.3 
Apomorphine (4 mg/kg) + L-Dopa (50 mg/kg) 1.8 • 0.4 
Apomorphine (4 mg/kg) + L-Dopa (100 mg/kg) 2.7 ~ 0.2 �9 

L-Dopa and apomorphine or saline were given simultaneously i.p. and 
the gnawing compulsion was noted after a further 30 min. Means __ 
S.E. are given (n = 5-8). ~p < 0.05 when compared to the apomor- 
phine-saline group. 

Table II. Effect of amantadine on apomorphine gnawing in rats 

Drug and dosage Gnawing (scale 0-3) 

Saline + apomorphine 1.4 ~ 0.2 
Amantadine (1.0 mg/kg) -- apomorphine 1.6 • 0.5 
Amantadine (2.5 mg/kg) + apomorphine 1.4 -4- 0.4 
Amantadine (5.0 mg/kg) -+- apomorphine 0.9 4- 0.2 
Amantadine (10.0 mg/kg) + apomorphine 0.8 ~ 0.3 
Amantadine (25.0 mg/kg) + apomorphine 0.6 :J= 0.2 ~ 
Amantadine (50.0 mg/kg) + apomorphine 0 • 0 ~ 

Saline or amantadine was given i.p. 30 rain before the 
tion of apomorphine (4 mg/kg). Gnawing compulsion 
a further 30 min. Means ~ S.E. are given (n = 6-13). 
compared to the saline-apomorphine group. 

i.p. administra- 

was noted after 
�9 p < 0.05 when 
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s t a n d a b l e  t h a t  L-Dopa e n h a n c e d  t he  effects  of apo-  
morph ine .  A m a n t a d i n e ,  on  t he  con t ra ry ,  i n h i b i t e d  t h e  
gnawing  compul s ion  induced  b y  a dose of 10 m g / k g  of 
apomorph ine .  A s imi la r  dose -dependen t  i n h i b i t i o n  b y  
a m a n t a d i n e  was obse rved  w h e n  a dose of a p o m o r p h i n e  
(4 mg/kg)  i nduc ing  ha l f  t he  m a x i m a l  effect  was used 
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Fig. 2. Effect of chlorpromazine (CPZ), amantadine (A), metoclopra- 
mide (M) or saline (S} on the gnawing compulsion induced by apo- 
morphine. CPZ, A, M or S were given in the doses indicated (mg/kg 
i.p.) 30 min before the injection of apomorphine (10 mg/kg) and the 
gnawing compulsion was noted after a further 30 min using an arbi- 
trary scale from 0 to 3. The means ~ S.E. of 5-10 rats are given. 

(TaMe II) .  A m a n t a d i n e  b e h a v e d  in t h i s  respec t  as t h e  
dopamine rg i c  r ecep to r  b lock ing  agents ,  m e t o c l o p r a m i d e  
a n d  ch lo rp romaz ine .  

T h e  i n h i b i t i o n  of a p o m o r p h i n e  gnawing  b y  a m a n t a d i n e  
c a n n o t  be  exp la ined  on ly  b y  t h e  release of dopamine ,  
wh ich  h a s  been  sugges ted  as a m e c h a n i s m  for t h e  ac t ion  
of a m a n t a d i n e  7. W e  propose  t h a t  a m a n t a d i n e ,  in  add i t i on  
to  i ts  amifle re leas ing proper t ies ,  has  t h e  ab i l i t y  pa r t i a l l y  
to  occupy  t h e  dopamine rg i c  recep tors  w i t h o u t  caus ing  a 
m a r k e d  agonis t ic  ac t ion  of i ts  own, a n d  t h u s  compe tes  
w i t h  a p o m o r p h i n e  a t  t h e  r ecep to r  sites. 

Zusammen/assung. A m a n t a d i n  bewi rk t e  bei  R a t t e n  eine 
dosisabhS~ngige H e m m u n g  der  s o g e n a n n t e n  A p o m o r p h i n -  
<(Gnawing Compuls ion~ u n d  ve rh i e l t  s ich somi t  /~hnlich 
wie ein D o p a m i n r e z e p t o r b l o c k e r .  

R. HACKMAN, P. t)ENTIKAINEN, I ). J. ~NTEUVONEN 
a n d  H, VAPAATALO 

The Research Laboratories o/Medica Ltd., 
P.O. Box 325, SF-00107 Helsinhi 70 (Finland), and 
Department o/Pharmacology, University o/ Helsinki, 
Siltavuorenpenger 10, ST:-00170 Helsinhi 77 (Finland), 
12 June 1973. 

R. P. GRELAK, R. CLARK, J. M. STUMP and V. G. VERNIER, Science 
169, 203 (1970). 

C a t e c h o l a m i n e  D e p l e t i n g  Effect  of B l a c k  W i d o w  
I n n e r v a t i n g  Dif ferent  G u i n e a - P i g  T i s s u e s  

The  v e n o m  of t he  b l a c k  widow spider  Latrodectus 
mactans tredecimguttatus (Rossi) ha s  been  shown  to cause 
ace ty lcho l ine  (ACh) dep le t ion  of r a t  super ior  cervical  
gangl ia  1, of b r a i n  cor tex  slices ~ a n d  of Torpedo electr ic  
t i ssue  slices a, w h e n  added  in v i t ro  to  t he  t i ssue  i n c u b a t i o n  
med ium.  These  f ind ings  are in  good a g r e e m e n t  w i t h  
e lec t rophys io logica l  e x p e r i m e n t s  where  t h e  v e n o m  was 
assayed  in  v i t ro  on  chol inerg ic  sys t ems  such  as frog 4 a n d  
ca t  ~ muscle  end-p la te s  a n d  r a t  super ior  cerv ica l  gangl ia  1, 6, 
i nd i ca t i ng  a p r e s y n a p t i c  s i te  of ac t ion  of t he  venom,  
af fec t ing  t he  m e c h a n i s m  of t r a n s m i t t e r  release. Latro- 
dectus v e n o m  has  been  d e m o n s t r a t e d  to  affect  also o the r  
t ypes  of ne rve  end ings  besides  t he  chol inergic  ones, 
namely ,  lobs te r  e x c i t a t o r y  a n d  i n h i b i t o r y  n e u r o m u s c u l a r  
j u n c t i o n s  7, locus t  e x c i t a t o r y  n e u r o m u s c u l a r  j u n c t i o n s  s 

Spider  V e n o m  on  F ibres  

a n d  r a t  iris adrenerg ic  ne rve - t e rmina l s% The  las t  r esu l t  
was  o b t a i n e d  b y  sub jec t ing  irises i n c u b a t e d  in v i t ro  to  
f luorescence h i s t o c h e m i s t r y  for t h e  de t ec t ion  of cate-  
cho lamines ;  add i t i on  of t h e  v e n o m  was followed b y  t h e  
d i s a p p e a r a n c e  of t h e  specific ye l low-green f luorescence 
of t h e  adrenerg ic  ne rve  fibres.  Th i s  ca t echo lamine -  
dep le t ing  effect  was  n o t  s econda ry  to  ACh release,  as 
d e m o n s t r a t e d  b y  t h e  n o r m a l  a p p e a r a n c e  of con t ro l s  
where  irises were i n c u b a t e d  in t h e  presence  of ACh a n d  
eser ine or of carbachol .  

E x t e n d i n g  t h e  o b s e rv a t i o n s  on  r a t  iris, we h a v e  now 
assayed  t h e  v e n o m  on t h i n  i n n e r v a t e d  t i ssues  of guinea-  
pig, equa l ly  su i ted  for s t r e t ch  p r epa ra t i ons .  I n  add i t i on  
to irises, f r a g m e n t s  of mesen te ry ,  spleen capsule,  infer ior  
v e n a  c a r s ,  g u t  l o n g i t u d i n a l  m u s c u l a r  l ayer  ( inc luding 

Fig. 1. Longitudina 2muscular layer 
of guinea-pig gut incubated in the 
absence (a) and in the presence (b) 
of the venom (0.5 pairs of glands/ml 
of medium). The yellow-green fluo- 
rescence of the adrenergie nerve fi- 
bres forming the Auerbaeh plexus 
disappears as a consequence of 
venom addition. 


