
Pharmacology Bwchem;stry & Behavior, Vol 4, pp 661--670 Copyrtght © 1976 by ANKHO International Inc 
All rights of reproduction m any form reserved. Printed in the U.S.A. 

The Relative Importance of Dopamine 
Noradrenaline Receptor Stimulation for th 

Restoration of Motor Activity in Reserpine 
 -Methyl-p-Tyrosine Pre-Treated Mice ' 

A. C. D O L P H I N ,  P. J E N N E R ,  A N D  C. D. M A R S D E N  2 

University Department  o f  Neurology, Inst i tute o f  Psychiatry and King's College Hospital Medical School  
Denmark Hill, London, S. E. 5(U.K.) 

(Rece ived  18 N o v e m b e r  1975)  

A. C. DOLPHIN, P. JENNER AND C. D. MARSDEN. The relattve tmportance ofdopamlne and noradrenahne receptor 
sttmulation for restoration o f  motor acttvtty m reserpine or a-methyl-p-tyrosine pretreated mice. PHARMAC. BIOCHEM. 
BEHAV. 4(6) 661-670,  1976 - Two annnal models of Parkmsomsm have been employed to investigate the role of 
noradrenaline m the motor effects of levodopa. Pretreatment with reserpine or ~-methyl-p-tyrosme (AMPT) causes cerebral 
amine depletion and reduction of motor actwlty, which can be reversed by levodopa. The effect of mhibttors of 
noradrenahne (NA) synthests and antagonists of NA and dopamlne (DA) receptors on the action of levodopa have been 
studied For comparison, the effects of such treatments on apomorphme action has been investigated Reversal of reserpine 
(I0 mg/kg) reduced akmesla In mice by levodopa (200 mg/kg) plus the pertpheral decarboxylase mhtbitor MK 486 
fL-~-methyl-dopahydrazlne, 25 mg/kg) was inhibited by prior administration of phenoxybenzamme (20 mg/kg), 
halopendol (1 mg/kg), plmozide (1 mg/kg) or the dopamme-#-hydroxylase inhibitor FLA-63 (bls [4-methyl-l-homo- 
plperazmylthlocarbonyl] disulphide; 15 or 25 mg/kg). Apomorphine (2 mg/kg) reversal of reserpine akmesm was stmdarly 
inhibited by halopendol (1 mg/kg) and pimozlde (2 mg/kg) but not by phenoxybenzamine (20 mg/kg) or FLA-63 (25 
mg/kg) Apomorphme (5 mg/kg) reversal of reserpine akmesm was enhanced by simultaneous admmistratlon of the 
noradrenerglc agomst clomdlne (1 mg/kg) and this effect was not stgnificantly altered by prior admtmstratlon of FLA-63. 
Clonidme, however, reversed the FLA-63 reduced mhtbltlon of the levodopa effect on reserpine akmesia. Levodopa 
reversal of aklnesla mduced by AMPT (200 mg/kg) was also inhibited by FLA-63, ptmozlde and halopendol. 
Phenoxybenzamme, however, was without effect, but produced a different pattern of behavlour. SImdarly, pimoztde and 
halopendol blocked apomorphme reversal of AMPT reduced akmesm, FLA-63 was without effect but phenoxybenzamme 
produced marked inhibition. The results suggest that full restoration of motor acttvlty m reserpine or AMPT pretreated 
ammals requires stimulation of both DA and NA receptors. 

Reserpine a-methyl-p-tyrosme Dopamme Noradrenahne Motor Actwlty 

R E S E R P I N E  b locks  the  i n t r a n e u r o n a l  s torage of  nor-  bu t  also NA, is involved in s p o n t a n e o u s  l o c o m o t o r  
adrena l ine ,  [NA] d o p a m i n e  [DA]  and  s e r o t o n i n  t h e r e b y  in n o r m a l  an imals  [34,  36,  40]  and  m tha t  p rod t  
dep le t ing  the  bra in  o f  these  p r e s u m e d  n e u r o t r a n s m i t t e r s  l evodopa  in b o t h  n o r m a l  and  rese rpmised  an imals  
[ 7 , 1 7 ] .  Thin dep l e t i on  causes a p a r k m s o n l a n  s y n d r o m e  in 29, 30,  3 7 ] .  In add i t ion ,  the  m o t o r  act ivi ty  p rod t  
b o t h  an imals  and  man.  The  rese rpmlsed  an imal  s tops  direct  cerebra l  DA recep to r  s t imu la t i on  [15]  is en 
moving  s p o n t a n e o u s l y  (akmesia) ,  adop t s  a f lexed pos tu re ,  by  s i m u l t a n e o u s  s t imu la t i on  o f  NA recep to r s  wi th  cl 
and  develops  r igidi ty  and  t r e m o r  o f  the  l imbs  and  t r u n k ,  all a l t h o u g h  the  la t ter  had  no  ef fec t  w h e n  given a lone  [ 
of  wh ich  are classical fea tures  o f  h u m a n  Park inson i sm.  The  2 7 ] .  
r e se rp ine -mduced  akinet ic-r igid  s ta te  can be  reversed We have previously  d e m o n s t r a t e d  in a preli 
d ramat ica l ly  by  a d m i n i s t r a t i o n  of  l evodopa  [ 9 ] ,  an  observa-  c o m m u n i c a t i o n ,  using a s imple tes t  o f  o p e n  field loc  
t ion  t ha t  gave nse  to the  concep t s  DA def ic iency  and  ac t lv i tv  [ 2 6 ] ,  t ha t  the  reversal  by  l evodopa  
levodopa  t h e r a p y  in Pa r lonson ' s  disease. The  t h e r a p e u t i c  ak lne t l c -ng ld  s y n d r o m e  p roduced  by  rese rpme is m 
response  to l evodopa  in P a r k m s o n ' s  disease has been  by  drugs a f fec t ing  e i the r  DA or NA sys tems [30  
a t t r i b u t e d  to  r e p l e m s h m e n t  of  dep le ted  s t r ia ta l  DA stores  s tudy,  however ,  is o p e n  to cr i t ic ism on  several  count:  
[ 2 1 ] .  O t h e r  evidence,  howeve r  suggests t h a t  no t  on ly  DA, The  a d m i n i s t r a t i o n  o f  reserpine  to an imals  resu 

A prehmmary commumcatlon of thxs work was presented at the 6th International Pharmacology Meeting (Helsmkl) July 1975 
2To whom all correspondence should be addressed. 
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complex syndrome of central and peripheral effects [17].  was administered IP to groups of animals whose 
Depletion of DA, NA and serotonm occurs and the pattern was then recorded over a 2 hr period. Saline, F 
of this depletion is itself complex [19]. Depletion of brain phenoxybenzamlne, haloperidol or pxmozlde wa 
DA and NA can, however, be produced more specifically administered followed 1 or 4 hr later by either a 
using an inhibitor of tyrosine hydroxylase (a-methyl-p- phlne or levodopa plus MK 486 as described above. 
tyrosine; AMPT) the rate limiting step in amine synthesis All drugs were administered in aqueous s~ 
[12,32]. We have therefore included this animal model of (0 .1-0 .2  ml) except levodopa which was suspended 
human Parkmsonism into the present study, methylcellulose (0.5 ml). Pimozxde was dissolved lr 

The involvement of a NA component in the levodopa by warming with a small quantity of tartaric acid. F 
mduced restoration of locomotor activity hinges on the was dissolved in water (10 ml) containing a small q~ 
specificity of the NA antagonists used. In particular, the (0 .05-0  10 ml) 6N hydrochloric acid. The pH 
specificity of dopamine43-hydroxylase inhibitors has been resulting solution was brought towards neutralit~ 
questioned in terms of a possible non-specific stressful dilute ammonia solution (ca. 1 N) until a slight tu 
effect mediated via peritoneal irritation. We have therefore appeared. Reserpine (0.75 g) was dissolved in a mix 
tested the specificity of the NA antagonists employed in benzyl alcohol (6.0 g) citric acid (0 81 g) and polye! 
this study agamst locomotor activity induced by the DA glycol 400 (25.4 g) and then diluted with d 
agonist apomorphme [15].  Further, the involvement of a water to 300 ml to give a 2.5 mg/ml solution whl 
NA component can only be claamed if the effect of a stored under nitrogen in ampoules. 
dopamine~6-hydroxylase inhibitor can be overcome by the Comparison of behavioural data was carried c 
use of a NA agonist, such as clonidine Student 's t test analysis. Results were considered sign 

The open field test of locomotor activity previously when 2 p<0.05. Experiments were designed suc 
employed was simple but limited as it involves an all or results for drug pretreated groups of animals were ot 
none response. It examines exploratory behavlour as well as in 1 experimental period and were compared with 
spontaneous locomotor activity, for at each test the animal groups of animals tested in another period m th~ 
is Introduced into a new environment. We have therefore activity meter The results of critical experiment 
carried out the present study using an automated technique further compared using alternate control and dn  
for the measurement of motor activity of caged animals treated groups of animals and the results of such 
[35]. In thas test, animals remain in a familiar environment ments are presented separately. 
throughout the period of observation, and the results 
emphasize spontaneous motor activity. RESULTS 

METHOD Levodopa Reversal o f  Reserpine Akmes~a 

Locomotor activity was measured using groups of 3 mice The reserpmlsed animals were immobile and flex, 
m 2 sets of Animex activity meters (LKB Farad Ltd) exhibited rigidity, tremor and ptosis When placed 
between 9 00 a.m. and 9 00 p.m., under conditions of activity meters the animals remained quiet and , 
standard laboratory lighting and temperature. Food and little or no spontaneous locomotion Administration 
water were withdrawn during the test period. Animals were 486 (25 mg/kg) to these animals produced no alter~ 
housed m clear Perspex cages with similar lids so that the reserpine syndrome and no locomotor actlvi 
observataons of behaviour could be made at Intervals during observed. Administration of levodopa (200 mg/kg) p 
the experiment. Activity was recorded as total counts per 486 (25 ing/kg), however, rapidly and completely r, 
1 0 m I n m t e r v a l s ( + l S E M )  or as the total number of counts the aklnesla produced by prior reserpine (10 
recorded during the period of activity (_+ 1 SEM) for all treatment. A reduction of the levodopa effect was ol 
batches of animals. Between 3 to 8 batches of animals were following pretreatment IP with the dopamlne/3-hydr( 
used in each experiment, inhibitor FLA-63, administered either IP (25 mg/kg 

Swiss S or P strata male mice (18 -25  g) were used (15 mg/kg). These doses produced approximately tk 
throughout this study (Animal Suppliers Ltd). Reserpine effect. The suppression by IP FLA-63 was partially r. 
(10 mg/kg Halewood Chemicals Ltd) was administered IP by the simultaneous administration of clonldlne (1 i 
18-24  hr before recording commenced. Baseline activity a NA agomst, with levodopa, in particular activity 
was then recorded for 1 hr. At this point, 0.9% sahne (0.1 second and third hr after levodopa was increa,. 
ml), bxs (4-methyl-l-homopiperazinylthiocarbonyl) disul- clonldine, although peak activity was not restored 
phide (FLA-63, 25 mg/kg Labkemi AB), phenoxy- experiment (but see below). Phenoxybenzamine (20 
benzarmne (20 mg/kg, SKF Laboratories Ltd), haloperidol in a dose known to block spinal NA receptors [4,5 
(1 mg/kg, Searle Ltd), or pImozlde (1 or 2 mg/kg; Janssen reduced the reversal of reserpine induced akine 
Pharmaceuticals Ltd) was administered IP. After a further 1 levodopa. Similarly, blockade of DA receptors by pil 
hr recording (4 hr an the case of pimozide), levodopa(200 (1 mg/kg) or haloperidol (1 mg/kg) produced a i 
mg/kg, Roche Products Ltd) plus L-a-methyldopa hydrazIne reductaon in the levodopa effect. None of the anta 
(MK 486), 25 mg/kg M S. D Ltd), or apoInorphxne (2 or 5 used above produced any significant additional beha 
mg/kg, Evans Medical Ltd) with or without clonldine (1 changes when administered alone to reserplnlsed a: 
mg/kg; Boehranger Ingelheim Ltd) was administered IP. (Table 1, Fig 1). 
Motor activity was then recorded for 4 hr in the case of FLA-63 IP is claimed to produce non-specific lnll 
L-DOPA and MK 486, or for 2 hr following apomorphine, of locomotor activity due to peritoneal irritation 

In some experiments FLA-63 (15 or 25 mg/kg) was However, administration of FLA-63 orally at 15 
administered orally by intubatlon 1 hr before the adminis- reduced Anlmex counts in the 4 hr period after le~ 
tration of levodopa plus MK 486 a-methyl-p-tyrosme administration to 9409 +- 881 (5) compared to 18 
methyl ester (H44/68, AMPT) (200 mg/kg; Labkeml AB) 2043 (5) in alternated groups of animals receiving le, 
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T A B L E  1 

THE EFFECT OF LEVODOP~ PLUS MK 486 ALONE COMPARED WITH EFFECTS OBSERVED FOLLOWING 
PRETREATMENT WITH DRUGS INFLUENCING NORADRENERGIC AND DOPAMINERGIC NEURONAL SYSTEMS ON 
THE REVERSAL OF RESERPINE-INDUCED AKINESIA IN MICE AS MEASURED BY LOCOMOTOR ACTIVITY IN ANIMEX 
ACTIVITY METERS RESERPINE (10 MG/KG IP) WAS ADMINISTERED 18-24H BEFORE ADMINISTRATION OF LEVODOPA 
(200 MG/KG IP) PLUS MK 486 (25 MG/KG IP) SALINE, FLA-63 (25 MG/KG IP OR 15 MG/KG PO). PHENOXYBENZAMINE 
(PBZ, 20 MG/KG [P) OR HALOPERIDOL (HPL, I MG/KG IP) WERE ADMINISTERED 1 HR BEFORE AND PIMOZIDE (PI. 1 
MG/KG IP) 4 HR BEFORE LEVODOPA PLUS MK 486 CLONIDINE WAS ADMINISTERED SIMULTANEOUSLY WITH 

LEVODOP~, THE NUMBERS OF BATCHES OF3 ANIMALS USED ~RESHOWN IN PARENTHESES 

Mean Ammex ,% Change Stgmficance from 
Dose Counts m 4 hr from Le,,odopa Levodopa 

Drugs Admmlstered (mg/kg) (_+ I S E M ) +MK 486 +MK 486 

Sahne + sahne - -  342 _ 63 (6) - -  - -  
__1_ (5) Levodopa + MK 486 200 + 25 13862 _+ "~'~ 3 - -  - -  

+ IP FLA63 25 5938 _+ 1084 (5) 57 2 p < 0  01 
+ PO FLA63 15 4230 _+ 1026 I51 69 5 p < 0  0025 

'1 + IP FLA63 _5 
10026 ± 2309 (7) 27 7 p > 0  05 

and clomdme I 
+ PBZ 20 8087 _+ 1752 (5) 41 7 p < 0  05 
+ HPL I 9709 _~ 1068 (8) 30 0 p < 0  05 
4 PI I 6252 ± 1495 (3) 54 9 p < 0  05 
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FIG 1. The effect of  drugs influencing noradrenergJc and dopammergzc neuronal systems on the 
reversal of  reserpme-mduced akmesaa m mtce by levodopa plus MK 486 as measured by locomotor 
actwlty m Antmex activity meters. Reserpine (10 mg/kg IP) was administered 18-24 hr prior to 
levodopa (200 mg/kg IP) plus MK 486 (25 mg/kg IP) Ammals were pretreated with FLA-63 (25 
mg/kg IP or 15 mg/kg PO) or phenoxybenzamme (PBZ 20 mg/kg IP) 1 hr prtor to levodopa plus MK 
486 admmastratlon Clomdme (1 mg/kg IP) was admmmtered simultaneously wath levodopa plus MK 

486 The numbers of  batches of  3 animals used are shown m Table 1. 
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T A B L E  2 

THE EFFECT OF LEVODOPA PLUS MK 486 ALONE COMPARED WITH THE EFFECTS OBSERVED FOLLOWING 
PRETREATMENT WITH DRUGS INFLUENCING NORADRENERGIC AND DOPAMINERGIC NEURONAL SYSTEMS ON 
THE REVERSAL OF AMPT-INDUCED AKINESIA IN MICE AS MEASURED BY LOCOMOTOR ACTIVITY IN ANIMEX 
ACTIVITY METERS AMPT (200 MG/KG IP) WAS ADMINISTERED 3 HR BEFORE ADMINISTRATION OF LEVODOPA (200 
MG/KG IP) PLUS MK 486 (25 MG/KG IP) SALINE. FLA-63 (25 MG/KG IP), PHENOXYBENZAMINE (PBZ. 20 MG/KG IP) AND 
HALOPERIDOL (HPL, 1 MG/KG IP) WERE ADMINISTERED 1 HR BEFORE AND PIMOZIDE (PI, 1 MG/KG IP) 4 HR BEFORE 

LEVODOPA ADMINISTRATION THE NUMBER OF BATCHES OF 3 ANIMALS USED ARE SHOWN IN PARENTHESES 

Mean Ammex % Change from Significance from 
Dose Counts m 4 hr Levodopa Levodopa plus 

Drugs Administered mg/kg (± S.E M ) +MK 486 MK 486 

Sahne + sahne - -  1381 ___ 181 (4) - -  - -  
Levodopa + MK 486 200 + 25 21157 ± 1575 (5) - -  - -  

+FLA 63 25 11621 _+ 1575 (5~ 451 p<00125 
+PBZ 20 16189 ± 2306 151 23 5 p>0 05 
+HPL 1 1310= 117(51 938 p<0 0005 
+PI 1 10598 ± 4267 (4) 49 9 p<0 05 

alone (p<0 .005) .  Similarly in animals receiving FLA-63 25 jumped  or hopped.  S te reo typed  behavlour  w 
mg/kg PO Anlmex  counts  in the 4 hr period fol lowing apparent  in the form of  gnawing, biting and the car: 
l evodopa  adminis t ra t ion were reduced to 9,133 + 1073 (6) faeces and wood  chippings by mouth .  Each of  thes~ 
compared  to 17,034 + 1617 (4) in al ternated groups of  cont r ibuted  to the act ivi ty  measured by the 
animals receiving levodopa alone (p<0 .005) .  Admmlst ra-  meters.  Some evidence of  this altered behavlour  part 
t lon of  c lomdine (1 mg/kg) plus levodopa  to ammals also observed in reserplnised animals receiving pl 
pretreated with  FLA-63 (25 mg/kg IP) produced 14234 + benzamine  and levodopa but  was less marked than il 
2973 (6) An imex  counts  in the 4 hr period fol lowing pretreated ammals.  
levodopa  admmst ra t lon  m compar ison to 13978 + 2445 (6) None  of  the potent ia l  antagonists  used above pl 
in a l ternated groups of  animals recewing levodopa alone any slgmficant  behavioural  change when admlnister~ 
(p> 0.05) to AMPT pretreated ammals.  

This la t ter  data  suggests the actions of  FLA-63 m these Apomorphme Reversal o f  Reserpine Aklnesza 
exper iments  to be brought  about  by a more specific 
mechanism than per i toneal  irr i tat ion.  A p o m o r p h m e  (2 mg/kg) caused a reversal of  re: 

reduced akmesia winch was maxtmal  1 0 - 2 0  mi 
Levodopa Reversal o f  AMPT Induced Akmesza adminis t ra t ion and lasted approx imate ly  1 hr. This 

as judged by to ta l  A m m e x  counts  was unaffected I: 
Pre t rea tment  of  animals wi th  AMPT m a dose known to IP adminis t ra t ion of  phenoxybenzamine  (20 mg, 

cause inhibi t ion o f  amine synthesis (200 mg/kg) produced  a FLA-63 (25 mg/kg).  It is apparent  nevertheless fron 
marked reduc t ion  m spontaneous  l o c o m o t o r  act ivi ty  during that  phenoxybenzamine  causes a slight reduct ion  ir 
the first 2 hr  af ter  adminis t ra t ion.  After  this t ime the actlvaty during the period of  maximal  response to a 
animals remained qmet  exhibi t ing only  occasional  loco- phme.  However,  a point  for point  compar ison dur 
moto r  activity.  Rigidi ty and t remor  were observed less period also faded to show a slgmficant effe( 
f requent ly  than  in the reserpine mode l  and ptosis was less a p o m o r p h m e  effect ,  however ,  was slgmficantly redl 
marked.  Adminis t ra t ion  of  MK 486 (25 mg/kg)  to these the prior admimstrataon of  haloperadol (1 mg/k 
ammals did not  alter the behavlour  pat tern  and no mcrease p lmozlde  (2 mg/kg) (Table 3, Fag. 3) 
m l o c o m o t o r  actwaty was observed. However ,  administra-  
t ion of  levodopa (200 mg/kg)  plus MK 486 (25 mg/kg) to Apomorphme Reversal ofAMPTAktnesta 

animals pre t rea ted  wi th  AMPT (200 mg/kg) caused a Apomorph ine  (2 m g / k g ) a l s o  increased moto r  acl 
marked increase in l o c o m o t o r  activity.  The peak response 
was reached 1 -  1.5 hr after admimst ra t ion  o f  levodopa and animals pretreated wath AMPT (200 mg/kg).  Th,  
disappeared after about  4 hr. Pre t rea tment  of ammals  IP was, however ,  of  shorter  dura t ion lasting approx~m~ 

rain. The effect  was not  s igmflcantly altered by I 
with FLA-63 (25 mg/kg),  ha lopendo l  (1 mg/kg),  or  adminis t ra t ion of  FLA-63 (25 m g / k g ) b u t  was m 
plmozlde  (1 mg/kg) s lgmficantly inhibi ted the reversal o f  reduced by ha lopendo l  (1 mg/kg) and pamozide ( 2  
AMPT reduced akmesaa by levodopa (Table 2, Fag 2). P h e n o x y b e n z a m m e  (20 mg/kg) m contrast  to its 

Phenoxybenzamine  (20 mg/kg) did not  slgnlt lcantly effect  in the reserpine model ,  produced a slg 
decrease levodopa reduced act lwty,  a l though at did cause a reduct ion  of  apomorphme-mduced  reversal of  
reduc t ion  in peak mo to r  act ivi ty.  However ,  ammals pre- akinesm. (Table 4, Fig. 4). 
t reated w~th p h e n o x y b e n z a m m e ,  in contrast  to o ther  drug 

combinat ions ,  showed a d i f ferent  behaviour  pat tern m The Effect o f  Clomdme on Apomorphme Rev~ 
response to levodopa.  Running,  pacing or walking act ivi ty  Reserpine Akmesta 
was rarely evident.  The  ammals remained prostrate but  
produced hmb paddhng movemen t s  and in te rmi t t en t ly  Apomorph ine  (5 m g / k g ) i n d u c e d  reversal of  rc 
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FIG. 2 The effect of  drugs influencing noradrenergnc and dopammergnc neuronal  systems on the 
reversal of  AMPT induced akmesla in mtce by levodopa plus MK 486 as measured by locomotor 
activity m Ammex  actwlty meters  AMPT (200 mg/kg IP) was admimstered 3 hr prnor to levodopa 
(200 mg/kg IP) plus MK 486 (25 mg/kg IP) Animals  were pretreated with FLA-63 (25 mg/kg IP), 
p h e n o x y b e n z a m m e  (PBZ, 20 mg/kg IP) or haloperldol (HPL; 1 mg/kg IP) 1 hr prior to admmnstratnon 
of levodopa plus MK 486 or with plmoztde (PI, 1 mg/kg IP) 4 hr prior to admmnstratlon.  The numbers  

o f  batches of  3 animals used are shown m Table 2 

T A B L E  3 

THE E F F E C T  OF A P O M O R P H I N E  A L O N E  COMPARED WITH THE EFFECTS OBSERVED F O L L O W I N G  PRETREATMENT 
WITH DRUGS I N F L U E N C I N G  N O R A D R E N E R G I C  ~ND DOPAMINERGIC N E U R O N A L  SYSTEMS ON T H E  REVERSAL OF 
RESERPINE- INDUCED AK1NESIA IN MICE AS MEASURED BY L O C O M O T O R  ACTIVITY IN ANIMEX ACTIVITY METERS 
DRUGS WERE ADMINISTERED AS INDICATED IN THE L E G E N D  TO TABLE I THE NUMBERS OF BATCHES OF 3 

ANIMALS USED ARE S H O W N  IN P A R E N T H E S E S  

Sngmficance 
Mean A m m e x  % Change from from 

Dose Counts  m 1 hr A p o m o r p h m e  A p o m o r p h m e  
Drugs Admmnstered  mg/kg (_+ 1 S E.M) Alone Alone 

Sahne + sahne  - -  113 +- 25 (6) - -  - -  
A p o m o r p h m e  2 4341 _+ 335 (5) - -  - -  

+ FLA 63 25 3643 + 534 (5) 16 1 p > 0  05 
+ PBZ 20 4193 _+ 197 (4) 3.4 p > 0  05 
+ HPL I 1682 -+ 464 (7) 61 3 p < 0  0025 
+ PI 2 2139 _+ 212 (5) 50 7 p < 0  0005 
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FIG 3. The effect of drugs influencing noradrenerglc and dopammerglc neuronal systems on the 
reversal of reserpine-reduced akmesm m mice by apomorphme as measured by locomotor actlwty m 
Ammex actwlty meters. Reserpine (10 mg/kg IP), FLA-63 (25 mg/kg IP), pheno\ybenzamme (PBZ, 
20 mg/kg [P), haloperldol (ttPL, 1 mg/kg IP) and ptmozzde (PI, 2 mg/kg IP) were administered prior to 
apomorphme (2 mg/kg IP) admmlstratzon as mdzcated in the legends to Fig 1 and 2 The numbers of 

batches of 3 ammals used are shown m Table 3. 

akanesia was significantly enhanced by the sunul taneous  apomorphlne  after FLA-63 13531 -+ 697 (3) p 
adminis t ra t ion of  clonidine (1 mg/kg) (An imex  counts  in compared  to apomorphme  controls ;  p<0 .05  comp 
the 2 hr af ter  a p o m o r p h m e  8082 + 339 (3), a p o m o r p h m e  apomorph lne  plus clonldxne treated ammals).  (Fag. 5 
plus c lomdme t reated 15297 -+ 525 (4), p<0 .001) .  Prior 
adminis t ra t ion of  FLA-63 did no t  prevent  the clonidine DISCUSSION 
mduced  enhancement  of  apomorph ine  act ivi ty  (Animex  This data substantiates the no t ion  that  bo th  DA 
counts  in 2 hr fol lowing adminis t ra t ion o f  clonidine plus are o f  significance in l ocomoto r  activity.  In bo th  r~ 
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T A B L E  4 

THE EFFECT OF APOMORPHINE ALONE COMPARED WITH THE EFFECTS OBSERVED FOLLOWING PRETREATMEN'[ 
WITH DRUGS INFLUENCING NORADRENERGIC AND DOPAMINERGIC NEURONAL SYSTEMS ON THE REVERSAL OF 
AMPT-INDUCED AKINESIA IN MICE AS MEASURED BY LOCOMOTOR ACTIVITY IN ANIMEX ACTIVITY METERS 
DRUGS WERE ADMINISTERED AS INDICATED IN THE LEGEND TO TABLE 2 THE NUMBERS OF BATCHES OF 3 

ANIMALS USED ARE SHOWN IN PARENTHESES 

Mean Ammex % Change Significance from 
Dose Counts m 1 hr from Apomorphme Apomorphme 

Drugs Administered mg/kg (± 1 S E M) Alone Alone 

Sahne + sahne - -  711 -- 129 (4) - -  - -  
Apomorphme 2 2785 _+ 278 (5) - -  - -  

+ FLA 63 25 2356 _+ 325 (51 15 4 p > 0  05 
+ PBZ 20 1446 ± 142 (5) 48 I p < 0  0025 
+ HPL 1 225 +_ 85 (5) 91 9 p < 0  0005 
+ PI 2 388 _+ 157 (4) 86 1 p < 0  0005 

and AMPT t rea ted  animals ,  the  ef fec t  of  l evodopa  on  m o t o r  The  reversal  of  reserpine  akinesia  by  l evodopa  
act iv i ty  was a t t e n u a t e d  b y  FLA-63  adm i n i s t e r ed  oral ly  or reduced  by  p h e n o x y b e n z a m i n e ,  again suggest: 
IP. It has  been  suggested t h a t  the  ac t ions  of  the  d o p a m i n e -  i nvo lvemen t  of  a NA c o m p o n e n t ,  s ince this  c o m p o  
3-hydroxy lase  i nh ib i t o r  FLA-63  on  m o t o r  ac t iv i ty  fol- w i t h o u t  ef fec t  on  the  ac t ion  o f  a p o m o r p h i n e  m rese 
lowing IP a d m i n i s t r a t i o n  are due to s tressful  e f fec ts  of  this  animals.  These  resul ts  are in ag reemen t  w i th  i 
c o m p o u n d  med ia t ed  via co r t l co s t e r one  [38] However ,  f indings  m n o r m a l  ammals  [ 2 9 ] .  In AMPT t rea ted  
since the  admmis t r a t~on  of  c lon ldme ,  a noradrenerg ic  however ,  p h e n o x b e n z a m i n e  had no  ef fec t  on  le 
agonist ,  reversed the  e f fec t  of  FLA-63  on  l evodopa - induced  m d u c e d  overal l  l o c o m o t o r  act iv i ty ,  bu t  caused 
act ivi ty ,  th is  would  seem unl ike ly ,  a l t h o u g h  the  an t inoc l -  change in b e h a v i o u r  wh ich  m a y  expla in  this  
ceptive ac t ion  of  c lon id ine  migh t  negate  this  f inding.  The  d iscrepancy.  S t e r e o t y p y  n o r m a l l y  associated w 
p robab i l i t y  of  FLA-63  exe r t ing  a specif ic  ac t ion  o n  ac t iwty  was a p p a r e n t  in ammals  so t r ea t ed ,  bu t  tl 
dopamine -3 -hydroxy la se  is s t r e n g t h e n e d  b y  the  f ind ing  tha t  m o v e m e n t s  observed  were unusual ,  and  walking or  
FLA-63  was w i t h o u t  e f fec t  on  the  m o t o r  ac twl ty  i nduced  did not  occur .  The  to ta l  m o t o r  ac t iv i ty  measured  
by  a p o m o r p h i n e  in an imals  p r e t r ea t ed  wi th  e i t he r  reserp ine  t e c h n i q u e  e m p l o y e d  was no t  a f fec ted  by  p 
or  AMPT,  and  b y  the  obse rva t ion  t h a t  oral  a d m i n i s t r a t i o n  benzamIne ,  bu t  l o c o m o t i o n  was abol i shed .  
was as effect ive as m t r a p e r i t o n e a l .  Also, the  a d m i n i s t r a t i o n  P h e n o x y b e n z a m i n e  also s igni f icant ly  decrea., 
of  cor t l cos te ro ids  in h igh doses,  or the  IP a d m i n i s t r a t i o n  o f  a p o m o r p h m e  reversal  of  AMPT akmesIa  in con t ra  
k n o w n  i r r i t an ts  appears  to be w i t h o u t  e f fec t  on  sport- lack of  ef fec t  in the  reserp ine  model .  No obv ious  q 
t aneous  or l evodopa- induced  m o t o r  ac t iv i ty  ( u n p u b l i s h e d  t ion  for  this  obse rva t ion  is available,  bu t  it may  be 
obse rva t ions ) ,  to the  ef fec ts  o f  a p o m o r p h i n e  on  NA con ta in ing  r 

The  effects  o f  reserpine  are no t  con f ined  to c i t e -  sys tems in the  2 models .  
cho l amine  neu rones ,  and  it could  be argued,  for  example ,  There  is some evidence to suggest t ha t  DA agonJ 
t h a t  changes  in the  s torage of  s e r o t o n i n  migh t  in f luence  the  as a p o m o r p h i n e  [31 ] and pirIbedil  [1 1,22] can 
response  to levodopa .  Thus ,  there  is ev idence  to suggest  a p re synap t i c  e f fec t  on  NA neurones .  If such  a pre: 
f u n c t i o n a l  l ink b e t w e e n  the  NA locus coeru leus  and the  NA ef fec t  of  a p o m o r p h i n e  occurs  it p r o b a b l y  woul~ 
se ro tonerg ic  midb ra in  r aphe  nuclei  [ 2 3 , 2 5 ] .  opera t ive  in reserpin ised  an imals  for  the  e f fec t  of  a 

S t i m u l a t i o n  of  noradrenerg lc  r ecep to r s  fo l lowing levo- mine  o n  l o c o m o t o r  ac t iv i ty  m reserpmised  mic~ 
d o p a  a d m i m s t r a t l o n  migh t  t he re fo re  a f fec t  5-HT al tered b y  p r e t r e a t m e n t  w i th  p h e n o x y b e n z a m i n  
n e u r o n a l  ac t iv i ty  which ,  f rom o t h e r  work ,  is k n o w n  to a l t h o u g h  it is m a r k e d l y  i n h i b i t e d  in n o r m a l  
in f luence  l o c o m o t i o n .  Al te rna t ive ly ,  the  ef fec ts  of  FLA-63  [ 2 8 , 2 9 ] .  This  might  t he re fo re  expla in  w h y  the  e 
and  o t h e r  NA an tagoms t s  m reserpinised an imals  migh t  be a p o m o r p h i n e  on  m o t o r  ac t iv i ty  m reserp in ised  an 
due to comp lex  s e c o n d a r y  ef fec ts  o n  the  a l tered ac t iv i ty  o f  not  a l te red  by  p h e n o x y b e n z a m i n e .  In an imals  pr 
5-HT n e u r o n a l  sys tems  caused by  reserpine .  However ,  the  wi th  AMPT,  however ,  an e f fec t  o n  NA n e u r o n a l  
fact  t ha t  s~milar resul ts  were o b t a i n e d  w i th  FLA-63  in might  c o n t r i b u t e  to m o t o r  e f fec ts  of  a p o m o r p h m e  
AMPT t rea ted  an imals  m w h o m  5-HT dep le t ion  does  no t  has  been  s h o w n  tha t  a p o m o r p h i n e  e n h a n c e s  
occur ,  suggests t h a t  changes  in cerebra l  NA are a d i rec t  appea rance  o f  NA in this  m o d e l  [ 3 1 ] .  The  el 
cause o f  the  a l te red  m o t o r  ac t iv i ty  t ha t  the  drug produces ,  p h e n o x y b e n z a m i n e  on  a p o m o r p h i n e - l n d u c e d  lo~ 

The  r e s to r a t i o n  of  a n o r m a l  l evodopa  response  b y  the  act ivi ty  in AMPT t rea ted  an imals  might  t he re fo re  b 
ad rmn i s t r a t i on  of  the  NA agonis t  c l on idme  [6] to an imals  surprising.  
previously  t r ea ted  w~th FLA-63  provides  f u r t h e r  ev idence  The  i nvo lvemen t  of  a DA c o m p o n e n t  m le 
for the  i nvo lvemen t  of  cen t ra l  NA recep to r s  in the  r educed  m o t o r  ac t iv i ty  in b o t h  reserpine  and  
m e d i a t i o n  of  l o c o m o t o r  ac twi ty .  The  e n h a n c e m e n t  o f  p re t r ea t ed  an imals  was c o n f i r m e d  usmg pimozl  
DA- induced  m o t o r  ac t iv i ty  by  the  add i t i on  of  a NA h a l o p e n d o l .  In c o n t r a s t  to ou r  previous  c o m m u  
c o m p o n e n t  was also seen w h e n  c lon idme  was c o m b i n e d  [30]  p imoz ide  p roduced  a s igni f icant  e f fec t  on  h 
wi th  a p o m o r p h i n e ,  m ag reemen t  wi th  ea rhe r  f indings  [3 ] .  ac t iv i ty  as expec ted .  This  d i sc repancy  m a y  be d u  
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FIG. 4. The effect of drugs influencing noradrenerglc and dopammerglc neuronal systems on the 
reversal of AMPT-mduced akmesla m mice by apomorphme as measured by locomotor actwlty m 
Antme\ actwlty meters AMPT (200 mg/kg IP), FLA-63 (25 mg/kg IP) phenoxybenzamme (PBZ, 20 
mg/kg IP), haloperldol (HPL; 1 mg/kg IP) and plmozlde (PI, 2 mg/kg IP) were admimstered prior to 
apomorphme (2 mg/kg IP) as indicated m the legends to Fig 1 and 2 The numbers of batches of 3 

ammals used are shown m Table 4 

different  me thods  used to measure mo to r  act ivi ty m our  including s te reo typy  zs primed by DA st imulat ion.  I 
prehminary  s tudy,  and highhghts the difficult ies involved m true, p lmozlde ' s  failure to antagonlse open-field ', 
measuring behavioural  changes in drug-reduced act ivi ty provoked by levodopa mzght represent  residual NA e 

The fazlure of  pimozzde to antagonise l o c o m o t o r  act ivi ty tory actwi ty  despite a considerable reductzon m 
provoked  by levodopa in reserpm~sed ammals  as observed m moto r  actw[ty. 
open field condi t ions  represented a fadure of  the drug to The admimstratzon of  levodopa to animals pre 
stop animals explor ing their  env i ronment  in a given t ime,  with AMPT and reserpine leads to a rapid increase zr 
i.e. they  moved  out  o f  a gwen area despite pimozide.  In the brain. In AMPT treated animals levodopa 
contrast ,  p imozide  reduced to ta l  l o c o m o t o r  act ivi ty m the restores brain NA to normal  (unpubhshed observatlq 
same exper iment  when measured by ac twi ty  meters,  which the increase in absolute levels of  NA m reserpinised 
recorded to ta l  act ivi ty  whether  exp lo ra to ry  or confined,  is slight [1 ]. However ,  synthesis of  NA does occul  
Others  [39] have hinted that  exp lo ra to ry  ac twi ty  may  be reserpinised brain [18] but  because its storage is di: 
related to a NA act ion,  whale overall  l o c o m o t o r  ac twi ty  it is rapidly broken down in the cytoplasm [17] .  
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FIG. 5. The effect of noradrenalme receptor stn'nulat~on on motor activity produced by apomorphlne alone or apomorphlne plus F 
reserplnlsed mice as measured m Anlmex activlty meters. Reserpine (10 mg/kg) was administered 18-24 hr prior to adnunlst 
apomorphlne (2 mg]kg IP) FLA-63 (25 mg/kg IP) was administered 1 hr before and clonidine (1 mg/kg) simultaneously with apo] 

administration. The numbers of batches of 3 anmlals used are shown m the text 

has been demons t ra ted  that  DA does not  accumulate  m NA [16] .  Loss o f  NA neurones in Parkinson's  d]sea 
neurones fol lowing levodopa t r ea tment  [10, 13, 14],  there exacerbate  the effects  of  DA deple t ion,  yet  bo th  
is recent  evidence that  the large quanti t ies  o f  DA formed compensa ted  by levodopa therapy.  However ,  selec 
enhance NA turnover  by d~splacmg at f rom neuronal  stores agomsts,  such as pir ibedd or  bromocr ip t ine ,  m~gt 
[24] .  The exogenous  amino-acid is, however ,  the source of  only partial res tora t ion o f  funct ion  ff they  failed 1 
the newly synthesased NA and it is the release of  newly concurrent  s t imulat ion o f  noradrenal ine receptor~ 
synthes~sed ca techo lammes  that  is thought  to be impor tan t  drugs, recent ly  in t roduced  for clinical evaluat ion h~ 
m neural  transmission [8, 18, 33] .  in our  hands been as effect ive as levodopa m many [ 

Al though  changes in absolute levels of  NA are small, perhaps because they lack adequate  NA receptol  
compared to those in DA, our  behawoura l  data  would  latmg activity.  It may be that  agonlsts that  stlmul~ 
indicate that  they  are of  significance m the res torat ion of  NA and DA receptors  should be the aim in develop 
normal  mo to r  funct ion  after  d isrupt ion of  ca techolamine  t rea tments  for Parkmson 's  disease. 
synthesis and storage. Such a finding must  have relevance to 
Parkinson's  disease. While the main pathological  changes m ACKNOWLEDGMENTS 
th~s syndrome ~s degenerat ion of  the substantla nigra, o ther  This work was supported by the Medical Research Cot 
p lgmented brain stem nuclei  are also affected including the Research Funds of the Bethlem Royal and Maudsley HosF 
locus coeruleus [20] which is a major  source of  ascending the Research Fund of Kmg'sCollege Hospital. 
NA fibres to the cerebrum,  d iencephalon  and cerebel lum 
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