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A c t i o n  o f  F u l l y  C o - O r d i n a t e d  1 , 1 0 - P h e n a n t h r o l i n e  
on  the  G u i n e a - P i g  I s o l a t e d  A t r i u m  

Ful ly  co-ordina ted  d iva len t  1, 10-phenanthrol ine  t ran-  
s i t ion meta l  chelates  have  chol inolyt ic  ac t ion at  b o t h  
nicot inic  and  muscar in ic  receptors .  They  also l iberate  
acetylehol ine  f rom the  guinea-pig isolated i leum and 
block m-adrenergic t r ansmiss ion  in the  ra t  isolated vas 
deferens  p r epa ra t i on  ~-~. The p resen t  inves t iga t ion  shows 
t h a t  such chelates  also l iberate  noradrena l ine  f rom the  
fl-adrenergic guinea-pig isolated a t r ium.  

Materials and methods. The act ions  of bis(3,4,7,8- 
t e t ramethy l -1 ,  10 phenanthro l ine)  copper  (II) d iaee ta te  
(OuTMP) and Iris (3, 4, 7, 8- te t ramethyl -1 ,  10-phenan- 
throl ine)nickel(II)  su lpha te  (NiTMP) were compared  
wi th  those  of the i r  cons t i t uen t  d iva len t  meta l  ions 
Cu(II) and  Ni(II)  (as acetates) ,  and l igand 3, 4, 7, 8-tetra-  
me thy l - I ,  10-phenanthro l ine  (TMP) (as the  hydrochlor ide) .  
The atr ial  p r epa ra t ion  was suspended  in Krebs -Hense le i t  
solut ion at  30~ and  gassed wi th  5% carbogen.  The 
spon taneous  force and ra te  of con t rac t ion  were recorded 
by  means  of a t r ansduce r  and  an electronic pen recorder.  
Fol lowing a 20 min  p re incuba t ion  of the  atr ial  p repara-  

T r a n s i t i o n  M e t a l  C h e l a t e s  

t ion wi th  7-[~H]-noradrenaline (5 vtCi/Inl; 1.25 • 10 -~ M), 
the  spon taneous  or d rug- induced  eff lux of t r i t i a t ed  
mater ia ls  was de t e rmined  by  sampl ing  the  b a t h  con ten t s  
a t  2 min  in tervals  and  e s t ima t ing  the  a m o u n t  of t r i t i u m 
presen t  by  l iquid scint i l la t ion spec t romet ry .  Chelate-  
induced  release of endogenous  noradrenaHne was also 
examined  by  f luorescence h i s t ochemis t ry  ~. 

Results and discussion. CuTMP and  Cu(II)  ion (1 • 
10-~ M for 30 min) b o t h  showed indi rec t  s y m p a t h o m i -  
met ic  and, in h igher  concent ra t ions ,  f l - sympatholy t ic  

1 F. P. DWYER, ]~. C. GYARFAS, R. D. WRIGHT and A. S H U L M A N ,  Na- 
ture, Lond. 779, 425 (1957). 
A. SHULMA~r and F. P. DWYER, in Chelating Agents and Metal Che- 
lates (Academic Press, New York 1964), p. 383. 

a A. SHULMA~, G. M. LAYCOCK, E. J. ARI~NS and A. R. H. WIO~ANS, 
Eur. J. Pharmac. 9, 347 (1970). 
E, J. ARIis G. M. LAYCOCK, A. SHULMAN and A. R. H. WIGMANS, 
unpublished observations. 
B. FALCK and C. Ou~A~, Acta Univ. Iund. Part II, 7, 1 (1965). 
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Fig. 1. The effects of the test drugs 
(a) CuTMP, (b) NiTMP, (e) Cu(II) 
ion and (d) TMP, each at I x 10-4M 
for 30 rain, on the force and rate 
of contraction of, and efflux of 
tritiated noradrenaline and meta- 
bolites from, the guinea-pig iso- 
lated atrium suspended in Krebs- 
Henseleit solution at 30 ~ Record- 
ing was stopped and the bath 
contents sampled for estimation 
of tritium effiux at two min inter- 
vals. The resting efflux of tritium 
before addition of test drug was in 
the order of 30,000 dpm/min/g of 
atrial wet weight (= 100 %). 
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Fig. 2. Fluorescence microscopy of 
guinea-pig atr ium following incu- 
bation alone or with test drug 
(1 • 10-4M for 30 min) in Krebs- 
Henseleit solution at 30 ~ a) Con- 
trol tissue, showing distribution of 
fluorescent adrenergie nerves, b) 
Tissue treated with NiTMP. No 
apparent diminution of the adre- 
nergie fluorescence, c) and d) 
Tissue treated with CuTMP. There 
is patchy diminution of adrenergie 
fluorescence resulting both in a 
decreased density of nerves visua- 
lized and in a reduced intensity of 
fluorescence in those remaining. 
e) Tissue treated with RuTMP. The 
fluorescent chelate is bound exten- 
sively to the connective tissue 
surrounding individual atriaI 
muscle bundles, and also to certain 
tissue elements within these bun- 
dles. Some of these are identifiable 
as connective tissue strands {4)' 
Others resemble varicose axons (}), 
but  most axons exhibiting adrener- 
gic fluorescence are devoid of 
chelate fluorescence. Calibrations: 
50 Dm; excitation filter 3 mm BG 
12, 530 ~m barrier filter. 

a c t i o n  w h i c h  w a s  f r e q u e n t l y  a c c o m p a n i e d  b y  a r r h y t h m i a  
a n d  c o n t r a c t u r e  of  t h e  a t r i a l  n m s c l e ;  h o w e v e r ,  C u T M P  
w a s  m u c h  m o r e  p o t e n t  a n d  m u c h  m o r e  r a p i d  i n  o n s e t  in  
i t s  a c t i o n  as  a s y m p a t h o m i m e t i c  ( F i g u r e  1). U n d e r  t h e  
s a m e  c o n d i t i o n s ,  N i T M P  s h o w e d  w e a k e r  i n d i r e c t  s y m p a -  
t h o m i m e t i c  a n d  n e g l i g i b l e  s y m p a t h o l y t i c  a c t i o n ,  N i ( I I )  
i on  w a s  v i r t u a l l y  i n a c t i v e  a n d  T M P  i n c r e a s e d  t h e  fo rce  of 
a t r i a l  c o n t r a c t i o n  and t h e  e f f l u x  of  t r i t i a t e d  m a t e r i a l s  
b u t  p r o d u c e d  a s u s t a i n e d  d e c r e a s e  r a t h e r  t h a n  a n  in-  
c r e a s e  in  t h e  r a t e  of  a t r i a l  c o n t r a c t i o n  ( F i g u r e  1). T h e s e  
r e s u l t s  s u g g e s t  t h a t  t h e  a c t i v e  s y m p a t h o m i n l e t i c  spec i e s  
is  p r e d o m i n a n t l y  t i l e  c h e l a t e  c a t i o n  a s  a w h o l e  r a t h e r  
t h a n  i t s  c o n s t i t u e n t  m e t a l  i on  o r  l i g a n d ;  a s i m i l a r  con -  
c l u s i o n  w a s  r e a c h e d  for  t h e  a c t i o n  of s u c h  c h e l a t e s  as  
c h o l i n o m i m e t i c  a n d  c h o l i n o l y t i c  d r u g s  1-3 a n d  as  a n t i -  
m i c r o b i a l  a g e n t s  2, % 

F l u o r e s c e n c e  h i s t o c h e m i c a l  s t u d i e s  ( F i g u r e  2) s h o w e d  
t h a t  a 30 r a in  e x p o s u r e  of t h e  a t r i a l  p r e p a r a t i o n  to  
C u T M P  (1 •  -4 M)  g r e a t l y  d e c r e a s e d  t h e  i n t e n s i t y  o f  
t h e  g r e e n  n o r a d r e n a l i n e  f l u o r e s c e n c e .  I n  a d d i t i o n ,  t h e  
a x o n a l  v a r i c o s i t i e s  w e r e  less  p r o n o u n c e d  t h a n  t h o s e  
f r o m  c o n t r o l  t i s s u e s .  S i m i l a r  e x p o s u r e  to  N i T M P ,  a n d  t o  
t h e  c o r r e s p o n d i n g ,  f l u o r e s c e n t  r u t h e n i u m ( I I )  c h e l a t e  7 

of  l ike  p o t e n c y ,  p r o d u c e d  m i c r o s c o p i c a l l y - d e t e c t a b l e  
r e d u c t i o n  in  t h e s e  p a r a m e t e r s  o n l y  a t  a c o n c e n t r a t i o n  of 
3 • 10 -~ M .  W h i l e  t h e  o r a n g e  f l u o r e s c e n c e  of R u T M P  w a s  
loca l i zed  m o s t  s t r o n g l y  a t  s u r f a c e  a n d  d e e p e r  a t r i a l  
c o n n e c t i v e  t i s s u e ,  in  s o m e  a r e a s  i t  a l so  a p p e a r e d  to  be  
a s s o c i a t e d  w i t h  s t r u c t u r e s  w h i c h  r e s e m b l e d  a d r e n e r g i c  
v a r i c o s e  a x o n s ;  h o w e v e r ,  m o s t  a x o n s  w e r e  d e v o i d  of 
c h e l a t e  f l u o r e s c e n c e .  

S ince  t h e  i n d i r e c t  s y m p a t h o m i m e t i c  a c t i o n  of t h e  
c h e l a t e s  w a s  i n h i b i t e d  b y  p r o p r a n o l o l ,  r e s e r p i n e ,  b r e -  
t y l i u m ,  p r o c a i n e ,  MgSO~ a n d  a low Ca  "+ i on  c o n c e n t r a -  
t i o n  w h i l e  c o c a i n e  a n d  t e t r o d o t o x i n  w e r e  r e l a t i v e l y  
i n a c t i v e ,  i t  s e e m s  l i ke ly  t h a t  t h e  p r i m a r y  p r e s y n a p t i c  
s i t e  of  a c t i o n  of t h e  f u l l y  c o - o r d i n a t e d  d i v a l e n t  p h e n a n -  

6 F.  P .  DWYER, I. K. REID, A. SnUL~AN, G. M. LAYCOCK and S. DIX- 
soN, Aust. J.  exp. Biol. med. Sei. d7, 203 (1969); H. M. BUTLER, 
A. HURSE, t~. THUESKY and A. SHULMA~, Aust. J. exp. Biol. med. 
Sci. dT, 541 (1969) ; G. CADE, M. COHEN and A. SmJLMAN, Aust. vet. 
J. d6, 387 (1970); A. SHULMAN, G. CADE, L. DUMBLE and G. M. 
LAYCOCK, Arzneimittel-Forsch. 22, 154 (1972). 

7 E. MAYHEW, E. M. F. ROE and A. SHULMA~, J1. R. microsc. Soc. 84, 
475 (1965). 
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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.  

H. GROSSMAN 8, A. SHULMAN 8 and  C. BELL 

Unit o/ Medical Chemistry and Department o/ Zoology, 
University o/Melbourne, Parkville ( Victoria 3052, 
Australia), 4 July 7973. 

s This work was commenced in the Department of Pharmacology, 
University of Melbourne and was presented in part by H. G. in No- 
vember 1972 in partial fulfilment for the degree of B. Se. (Hons) in 
the University of Melbourne. 

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-  

X E. HARNACK, Naunyn-Schmiedebergs Arch. exp. Path. Pharmak. 
2, 255 (1874). 
N.-E. ANnEN, A. RUBENSOX, K. FUXE and T. H6KFELT, J. Pharm. 
Pharmac. 19, 627 (1967). 

3 A. M. ERNST, Psyehopharmacologia 10, 316 (1967). 
B.-E. Roos, J. Pharm. Pharmac. 21,263 (1969). 

5 D. B. CALNE and J. L. REIn, Drugs 4, 49 (1972). 
6 U. K. RIN~CE, Acts neurolog, seand., suppl. 51, 59 (1972). 

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 


