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J()HN I-I.S.B. Rcm'rpinc-induccd rigidity in ratw Drug c:~'c/.~ on mu.~ fi" tom'.l}',mt corpu~ striatum and nuch'u.s ac cum- 
hcn.~. PHARMAC()I.. BIOCHI-M BEHAV 19(31 463-470. 1983.--A study of the pathoph)siological mechanisms of reser- 
pine rigidity with the aid of a mechanographic method for the quantification of muscle tone. Apomorphinc was used as a 
text substance to reduce reserpine rigidity by stimulation of dopamine receptors. Some experiments were made with 
additional drug treatment in an attempt to ascertain the dopaminergic specificity of the test. Apomorphine injected 
bilaterally to the corpus striatum has been shown to counteract the rigidity 16,]. Microinjections of reserpine to corpus 
striatum induced rigidity with dominance in the hindlcg ipsilatcral to the side of injection. This rigidity was reduced by 
subcutaneous apomorphine. The effect of subcutaneous apomorphine on the rigidity ,a.as blocked by prior microinjection of 
trifluoperazine to the corpus striatum. Injections to nucleus accumbens were ineffective in all these respects. 1! is con- 
eluded that reserpine induces rigidity mainly b3, interference with the dopamine transmission in the corpus striatum. 

Muscle tone Rigidi t . , ,  Reserpine Dopamine Corpus striatum Nucleus accumbens 

RIGIDITY is one of  the severe ly  disabling motor  symptoms  
in Parkinson 's  disease.  It is noted on examinat ion as an in- 
ability of  the patient to voluntari ly relax the muscles and as 
an increased muscle resistance to passive movemen t s  in a 
joint .  The motor  syndrome in parkinsonism is caused by 
degenerat ion of  the dopaminergic  neurons in the brain 
[13.26l. The main part of  these nerve cells from the meso- 
telencephal ic  dopamine  system [33,42]. ()n the base of  mor- 
phological findings, this system may be considered to consist 
of  two parts with different motor  ftmctions,  the nigrostriatal 
and the meso-l imbic pathways [42]. The previous finding that 
injection o f apomorph ine  to the corpus  striatum could rel ieve 
reserpine- induced rigidity in the rat [6] inspired to a more 
detailed analysis based on the hypothesis  that the nigro- 
striatal but not the meso-l imbic dopamine system controls  
muscle tone and that the rigidity is due to a specific nigro- 
striatal dopamine transmission defect.  The ultimate goal of  
such studies is to find therapeutic  means to treat the various 
symptoms  of a patient more independently of  each other,  as 
this is highly needed today.  

The present work consists  of  three parts: (a) A study of  
the effect produced by reserpine on the body posture and 
also on the rigidity as measured with a simple mechano-  
graphic method.  The influence of  the dopamine receptor  
stimulant drug apomorphine  on these symptoms  is de- 
scribed. ( b ) T h e  etTects on muscle tone in both hindlegs by 
bilateral or unilateral microinject ion of  reserpine into the 
brain. (c) A study of  se lect ive  dopamine receptor  blockage 
by microinject ions in the corpus  striatum and nucleus ac- 
cumbens .  The effects on apomorphine- induced  al leviat ion to 
reserpine rigidity is descr ibed.  

M I ' :TIIOI) 

A nhna/.~ 

One hundred and sixty-f ive male Sprague l)awley rats 
(200-300 g, Ant icimex) were used. The animals were given 
food and water ad lib and the light was turned on between 6 
a.m. and 6 p.m. The body temperature was monitored during 
the experiments 136-38°C) and assisted cooling or heating 
was provided when necessary. 

()l; '~'l ' t l l iotl.s 

All operat ions  were performed in pentobarbital  
anesthesia  on the day before the exper iments .  In t ravenous  
injections were given through a ca theter  placed in the prox- 
imal end of  the ligated right jugular  vein. 

In the exper iments  with local application of  reserpine 
In=40) or t r i t luoperazine (n=54) into the brain, s tereotaxi-  
ta l ly  guided implantation o f  guide cannulae (inner dia. 0.5 
ram) was performed through bore holes in the skull bone. 
The  cannulae were placed with their  tips on the dura mater  
and fixed to the skull with acrylic cement .  The injection 
cannulae (outer dia. 0.4 ram) were introduced into the brain 
through the guide cannulae their tips at the following coordi- 
nates: For  the striatum: tAP 2.0, I .--2.5, V 5.1)) and for the 
nucleus accumbens :  lAP 4.0, L_  + 1.5, V 7.0) according to the 
atlas by Pellegrino and Cushman [34]. Injection rate: I 
ul /min.  Volumes:  str iatum 2/.d, accumbens  I /11. Histologic 
control of the location of  the tips of  the injection cannulae 
~as  made by microscopic  inspection after at least two days 
of  fixation of  the brains in 4% formaldehyde solution. 
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FIG. 1. Postural changes and akinesia after treatment with reserpine (10 mg/kg, IP) ~B). There is flexion of the back and the extremities and a 
sustained lack of spontaneous movements. When the rat is standing on its hindlegs, the postural changes bear a close resemblance to those in 
parkinsonism. Normal rat in (A). 

Drugs 

Reserpine in form of the base (Serpasil Ciba-Geigy) and 
methiothepin maleate were dissolved in one drop of concen- 
trated acetic acid, then diluted with 5.5 percent glucose 
solution and titrated to pH=4.0  with NaOH. Apomorphine 
(Apomorfin, ACO) carbidopa (MSD) and 5-hydroxo- 
tryptophan (Sigma) were dissolved in saline with 
addition of ascorbic acid (0.2 g/l) during cautios heating. 
Haloperidol (Haldol, Leo, 2.5 mg/ml) was taken from com- 
mercial ampoules. Trif luoperazine--HCl (Terfluzin, Leo- 
Rhodia) was dissolved in 0.9c/~ saline. Prazosin-HCI (Perip- 
tess, Pfizer), clonidine (Catapresan, Boehringer-lngelheim) 
and methysergide (Sansert, Sandoz) were dissolved in sterile 
water. Pcntobarbital (Mcmbumal, ACO) was given in a dose 
of 40 mg/kg, IP. 

Prot'~,durc 

] h e  hindlimb muscle tension was recorded in conscious 

rats as the resistance to stretch of the calf muscle group 
measured by a mechanographic method. The animal was put 
into a plastic cylinder and its hindfeet fastened at the ankles. 
Musclc tone was assessed as the tension recorded during 
repetitive stretch procedures (dorsiflexion of the feet) and 
was expressed in pcrcent of the tension during halothane 
anesthesia or in percent of  maximal rigidity. The techniquc 
has been presented in detail in a preceding paper [29]. 

Statistical significances of the differences in muscle tone 
from that measured at the start of the recording and between 
groups of rats were calculated using variance analysis fol- 
lowed by t-test unless otherwise noted [46]. 

RESULTS 

Svslt, mic Trt'atmctll With Reserpine 

Postural and autonomic effects were seen about 15 min- 
utes after intravenous (3 mg/kg) and 30 minutes after intra- 
peritoneal (10 mg/kg) treatment with a high dose of reser- 
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FIG. 2. A: Reserpine-induced rigidity. Reserpine (RES. 3 mg,.kg, IV) was given after 15 min of recording of the calf muscle tension. A rapid 
increase of the tension followed within another 15 min. Subsequent injection of apomorphine (APO, 0.5 mg;kg, IV) quickly counteracted the 
rigidity. The effect of apomorphine was abolished when haloperidol (HAl,, 3 mg/kg, IV) was given. Mean-S.E.M. (n=6). The intersected line 
marks the tension measured in the completely relaxed muscles during halothane anesthesia. Tension in Newtons IN). 2B: Muscle tone after 
various doses of reserpine given IV (circles) or IP (triangles), 60 rain in advance. The tone is noted in percent of the passive tension recorded 
during halothanc anesthesia. Mean+S.E.M., n=6. 

pine. The body posture was changed with appearance of 
flexion of the back (hunched back). The extremities were 
flexed and adducted and spontaneous movements disap- 
peared as shown in Fig. I. There was hyperfixation of the 
posture, so that the rats maintained for a long time an im- 
posed upright standing on the hindlegs with the front paws 
on the top of a glass jar (catalepsy). If the rat was gently 
pushed to the side, there was no postural adjustment, but the 
rat fell slowly sideways. Protective and righting reflexes 
were quick, precise and adequate. A rat held upside down 
turned around and landed on its feet when released to free 
fall from as low a height as 160 ram. It thereafter resumed 
immobility. There was piloerection, closure of the eyes and 
accentuated bowel function. A slight body tremor could be 
palpated. Assessment of muscle tone by palpation was dif- 
ficult due to interference by spontaneous changes of muscle 
tone on manipulation. "[he observed changes in muscle tone, 
posture and autonomic functions were completely coun- 
teracted by a subcutaneously given dose of apomorphine ( 1.0 
mg/kg). 

Mechanography. When the rats were placed in the 
mechanographic outfit, allowed to habituate for 20 minutes, 
and then treated with reserpine (3 mg/kg, IV), a quick rise of 
hindlimb muscle tension was recorded at the same time as 
the autonomic effects appeared, i.e., 15-20 minutes after 
treatment (Fig. 2A). A constant level of rigidity was seen for 
at least one hour whereafter the muscle tone fluctuated ap- 
parently dependant on sedation and exhaustion of the 
animal. Rigidity was present at about the same level when 
the rats were put in the mechanographic assembly, on var- 
ious occasions, up to more than 24 hours after the injection 
of reserpine. 

A subsequent injection of  apomorphine (0,5 mg/kg, IV) 
abolished the rigidity for about 30 minutes following a few 
minutes of intense stereotyped behaviour (sniffing, licking, 

biting and struggling forward). These effects of apomorphine 
were quickly terminated by a subsequent injection of halt)- 
peridol (3 mg/kg, IV) and rigidity promptly reappeared. The 
rigidity was not clearly proportional to the administered dose 
of  reserpine as seen in Fig. 2B. At low doses some rats failed 
to develop rigidity, while at high doses the muscle tone de- 
creased due to a very marked sedation of the animal. Lower 
doses were needed on intravenous injection as compared to 
intraperitoneal administration. 

Dopamincrgic ,Wc((/hil.v. While reserpine quickly in- 
duced a stable level of rigidity, the effects on muscle tone of 
the dopamine receptor blocking drug trifluoperazine 1281 
were not so pronounced as is demonstrated by group A and 
B in Table I. Alter a high dose, the muscle tone was slowly 
increased with a latency of about one hour and fluctuated to 
a much higher degree than with reserpine. The reserpine 
rigidity was dose-dependently reduced by apomorphine (Fig. 
3). This effect could be totally blocked by previous injection 
of trifluoperazine (Table 1. group D). To check for effects on 
muscle tone by the activity ofapomorphine on noradrenergic 
or serotoninergic receptors, prazosin (I-10 mg/kg), or 
methysergide was added to the reserpine treatments as seen 
in groups E and F. They did not, however, induce any signif- 
icant blockade of the effects of apomorphine on the rigidity. 
Methiothepin (5-20 mg/kg, IP) had, likewise, no effect (Table 
I, group G). 

As it has been reported that treatment with 
5-hydroxytryptophan reduces ¢~-rigidity [381, this drug was 
given (50-100 mg/kg, IP) preceded by carbidopa (25 mg/kg, 
IP) to reduce the peripheral serotoninergic effects. There 
was a slight reduction of muscle tone (group H) which, how- 
ever. was blocked if haloperidol (3 mg/kg, IP) was added to 
the treatment as seen in group I of Table I. 

The ~-adrenoreceptor  stimulant drug clonidine 15] v,as 
given to reserpine treated rats. In the dose range tried (0.01- 
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rat~, Treatment (11" N', 10 ~ "lreatment (21 + eM'ccl N • 10 :: I I)..12) 

A 10 None 43 : 3 Rt':S I0 2 hour', 149 . 
B 8 None 50 , 2 "lIrt ~ 3 2 hours 87 
C 6 RES I0 148 :. II APt)0.5 20rain 74 
D 8 RES I0 • I t : P 3  130 • 6 APt )0 .5  20rain 126 
E 8 RF.S I0 * PRZ I0 127 • 5 APt)(1.5 20rain 67 
F 6 RES 10 , M E I  I0 125 .t 7 APt) 0.5 20 rain 71 
(; 9 RES 10 • MEr l  20 114 , II APt) 0.5 20 rain 58 
tl 8 R['S 10 132 "_ II C1)P25 • 5H'IP 50 I hollr 89 
I 6 R['S I0 - H A L  3 132 : 3 ( ' l )P25  - 5HIPS()  I hour 139 

9 p. 0.0()1 
4 I "  0.001 
6 / J. O.OOI 
6 11. ",. 

p. O.OOl 

6 p.O.t)OI 
10 p 0.001 
lg n.'-.::: 
3 n.,. i 

*RES,Reserpine:  "lFP,Triflt, operazine, APO, Apomorphine :  PRZ.Pra;,o~,in: Ml ' , ' l ,Melh) , ,ergide:  MI- ' l l ,Meth io lhepine :  
CDF'.Carbidopa: 5H'l'F',5-Hydroxytr~,.ptophan: HAl..Ihdoperidol: Dose in rng.kg, IP I reatment t I) w'as gi'~en one hour before ",tart of 
recording. Mean tension = S.E.M. 

-Doses in mg:kg, IP except APO that was given SC. The hindlimb mtP, cle tension ,.,,as measured at the time fi)r maxinmm effect. 
:i:p Values from two tail distribution./ '  -0.05 is regarded as Ullsignificant  {ll.s.). 

0.5 mg/kg,  IP) and I - I0 / .~g  per  side in t ras t r i a ta l l y )  the ef fect  
on the r ig id i t y  was amb iguous .  ( )n  the h igher  dose the rats 
were  in tense ly  agi ta ted and moved  to and f l o  wi th  j e r k i n g  
m o v e m e n t s .  

Microinje~ lions to the ('orpu,% Slriatunt and :%'m h'u.s 
Acc l l l n /~ 'n .g  

Re.~erpine. Prev ious  e x p e r i m e n t s  have  s h o w n  that  the re- 
se rp ine  induced  rigidity could  be a l levia ted by local applica-  
l ion of  a p o m o r p h i n e  to the  co rpus  s t r ia tum but not when  
in jected to the nuc leus  a c c u m b e n s  [6]. It was therelkwe 
though t  to be of  in teres t  to see if rigidity could be evoked  by 
in jec t ion of  neuro lep t ic  d rugs  to the co rpus  stria(urn.  Injec- 
t ion was made  bi la teral ly  by small  quan t i t i es  of  r ese rp ine  or  
so lven t  in to  the co rpus  str ia(urn ( 2 x 8 0  ,ug/2 p.I. n = 3 2 )  or  o f  
reserp ine  in to  the nuc leus accumbens  ( 2 × 8 0  htg./l ~I .  n =  I0). 
The  muscle tens ion was recorded  f o r  90 minutes,  and the 
max ima l  va lue was noted and compared  to that du r ing  halo-  
t hane  a n e s t h e s i a  at thl." end  of  the expe r i m en t .  To those  rats  
that  deve loped  rigidity,  a p o m o r p h i n e  (0.5 mg/kg, SC) was 
g iven  to test  for the effects  o f d o p a m i n e  r ecep to r  s t imu la t ion .  
A signif icant  degree  of  rigidity was f imnd mos t ly  when  the 
in jec t ions  were  made  in the midpor t ion  of  the co rpus  
stria(urn as seen in Fig. 4A and B. No rigidity was found 
when  rese rp ine  was injected into the nuc leus  a c c u m b e n s  
(Fig. 4B) or  close to the g lobus  pall idus or a f te r  in ject ion of  
so lven t  into the  co rpus  s t r ia tum.  In the 18 cases  that  devel-  
oped  rigidity the muscle  tone  was reduced  af te r  t r e a tmen t  
with a p o m o r p h i n e  (Fig. 4B, t r e a tmen t  2a and 2b). 

In jec t ions  of  reserp ine  were  also g iven  uni la teral ly  (8(l 
/~,g/2-4 /11, n =  101 to the right or  left co rpus  s t r ia tum.  ] ' h e  
s ame  vo lume o f  so lvent  (acet ic  acid arid g lucose)  was in- 
j e c t e d  on the  con t ra la te ra l  side. Within  2 hou r s  t ime.  the 
an imal s  appea red  slightly b radyk ine t i c  and had a t endency  to 
turn  towards  the side of  r ese rp ine  inject ion.  M e c h a n o g r a p h y  
revea led  an increase  of  h indleg muscle  tone,  which  was most  
p r o n o u n c e d  on the side whe re  the reserp ine  in jec t ion had 
been  made  (Fig. 5A). S u b s e q u e n t  t r e a tmen t  with a p o m o f  
phine  (0.5 mg/kg, S t ' )  r educed  the rigidity (Fig. 5B) and in- 
duced  ro ta t ion  of  freely moving  an imal s  ips ivers ive  to the 
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FICI. 3. Reduction of reserpine rigidity by various doses of apornor- 
phine. Recording ,*its started 60 minutes after Ireatment with reser- 
pine ( 10 mgkg. IP) and the tension mea~,ured ( 1.23 Newtons) was set 
to ItX) percent. A subsequent injection of apomorphine dose- 
dependently h)v,.ered the muscle tone. Mean+S.E.M..  n -6 .  l 'he 
intersected line marks the tension measured during halothane 
anesthesia. 

side of  inject ion of  rese rp ine .  ( )ne to two days  la ter  some rats 
(7/10) showed  a c o n t r a v e r s i v c  ro ta t ion  af ter  apomorph inc .  

l.+;cal Apl)lication q/l)~fluo/wraTine Bilaterally t+* lJlu 
("or[Hi.% ,]'lritlllllll cn" NII('/~'II.'~ A('(tiltlJT~cn.,, 

These  e x p e r i m e n t s  were  pe r fo rmed  to see if microinjec-  
t ion of  a d o p a m i n e  recep to r  b locking  agent  to e i the r  of  these  
nuclei  would abol ish  the  effect of  sys temic  a p o m o r p h i n c  on 
reserp ine  rigidity. From Fig. 6 it can  be seen that  tri- 
f luoperazine microinjected to the corpus  s tr ia tum blocked the 
effect  of  a p o m o r p h i n e  in a dose  d e p e n d e n t  way. The  block 
w.as comple t e  af ter  inject ion of  20/2g to each  side (Fig. 6A). 
The  same doses  injected in t r avenous ly  gave no or  only slight 
r educ t ion  of  the effect of  a p o m o r p h i n e  (Fig. 6B). Bilateral 
in ject ions  of  t r i l luoperaz inc  (10-20 ,ug/I ,ul) to the nuc leus  
a c c u m b e n s  did not block the effect  o f a p o m o r p h i n e  on mus- 
cle tone  (Fig. 6(.'). G iven  as single t r ea tmen t  in the brain.  
t r i f luoperaz ine  (5-20 ~g/2/ . l l ,  2 hours ,  co rpus  s t r ia tum,  bilat- 
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FIG. 4. Microinjection of  reserpine. Reserpine (2x80  p.g:2 p.I) was 
injected bilaterally into the corpus  s tr iatum and adjacent areas.  The 
tips of  the inJection cannulas  were located in later histological sec- 
tions o|" the brain. A: l h e  position of the tip in those cases  where a 
significant degree of rigidity was developed are marked with filled 
circles whereas  those cases  where the injections were without effect 
on muscle tone are marked with open circles. Number s  indicate 
mill imeters anterior of  hregma.  B: Muscle tone after bilateral injec- 
lion of reserpine to the brain. I. control group (solvent 2x2  /zl. 
corpus  str iatum n = 10), 2a. reserpine (2 x 80 p,g/2/zl, corpus  str iatum. 
n 18}, 2h. Subsequent  t reatment  of  rats in 2a with apomorphine  I0.5 
mg/kg, S ( ) .  3. reserpine (2xgO .u.g/~l. nucleus  accumbens ,  n= It)). 
The muscle  tone is shown in percenl of  the tension recorded during 
halothane anes thes ia  relaxed muscle).  Statistical significance 
2a 2b. p':O.O01. 

e ra l ly )  did  not  c a u s e  s i g n i f i c a n t  r ig idi ty  a s , j u d g e d  by  i n s p e c -  
l ion and palpat ion o f  the animals (n=3(I). 

I)IS(_U SSI()N 

In the search for a deepened insight in the 
pathophysiological mechanisms of Parkinson 's  disease and a 
b e t t e r  s y m p t o m a t i c  t h e r a p y  t h e r e  is n e e d  for  r e l e v a n t  a n i m a l  
m o d e l s  o f  t h e  d i s e a s e .  U p  to n o w  t he  o n l y  s u c h  m o d e l  o f  
P a r k i n s o n i s m  is t he  a n i m a l  tha t  h a s  b e e n  t r e a t e d  wi th  a h igh  
d o s e  o f  r e s e r p i n e  [14,311, a l t h o u g h  o t h e r  m o d e l s ,  a s  t h e  
a n i m a l  wi th  b i l a t e ra l  6 - h y d r o x y - d o p a m i n e - i n d u c e d  d e g e n -  
e r a t i o n  o f  t he  a s c e n d i n g  d o p a m i n e  p a t h w a y s  m a y  s h o w  s o m e  
o f  the  s y m p t o m s  ( s u c h  as  a k i n e s i a )  bu t  no  c o n s i s t e n t  r ig id i ty  
[43, 4 4 . 4 5 ] .  

T h e  m a i n  d i s a d v a n t a g e  wi th  r e s e r p i n e  is t ha t  th i s  d r u g  h a s  
e x t e n s i v e ,  pa r t l y  u n k n o w n ,  p h a r m a c o l o g i c  e f f e c t s .  It l o w e r s  
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FIG. 5. Calf muscle tone after unilateral injection of  reserpine to 
corpus  str iatum, lp: ipsilateral to the side of  injection. ( 'o: contralat-  
eral side. A. RES/S'FR: reserpine (80/* ,g,/2 /*1. corpus  striatum). B. 
APt)  St_" the effect of  a subsequent  injection of apomorphine  (0.5 
mg/kg, St ' )  on the reserpine-induced rigidity in A. C. Muscle tone 
was set to I(X) percent during halothane anes thes ia  (relaxed mus- 
cles). 
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FIG. 6. lntrastriatal (A) and in t ravenous  (B) or in t ra-accumbens  ((') 
injection of trifluoperazine (TFP). Blocking effect on the degree of  
reduction of reserpine-induced rigidity obtained by treatment with 
apomorphine. Reserpine ( 10 mg./kg, IP) was given to induce rigidity 
and 21) rain later bilateral microinjections of TF'P 12 × 2 ,u.I) or saline 
(control) to the corpus striatum (A) or intravenous injections of TFP 
(B) were performed to block the dopamine receptors. The rats were 
then put in the mechanograph. After twenty and forty minutes of 
recording they ~,ere given apomorphine (0.5 and 1.0 mg/kg, St.', 
respectively) to test for dopamine-dependent  reduction of  muscle 
tone (arrows). The muscle tone is expressed  in percent of  the 
reserpine-reduced rigidity as measured  at the start of  recording (see 
Table I). • T F P 2 × 2 0 o r 4 0 ~ g ; • T F F ' 2 × 1 0 o r 2 0 p . g ; • T F P 2 × 5  
or 10 >g; .: saline. Statistical signifieances of  the differences in 
muscle tone from the rigid state (start of  recording) is marked as 
follows: ***p<0.(X)l. **p<0.01,  *p<0.05.  Mean square  within cells; 
307.83. ,~f.-- 343. 
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the brain content of all monoamine transmitter substances 
[1 I. 14, 39]. There are, however, several factors indicating 
thal the reserpine-induced Parkinsonism might depend on 
the same mechanisms as the motor symptoms of the disease, 
i.e., mainly loss of dopamine transmission [17,26]. 
Reserpine-induced parkinsonism is clinically indistinguish- 
able from the disease [21,24] and can likewise be treated with 
l-dopa [20] as is the case in animals [13]. Thus reserpine 
rigidity in the rat might be a relevant model of Parkinsonian 
rigidity and reveal some of the generating mechanisms. 

The postural changes (Fig. 1) and the reflex responses to 
stretch of the rigid muscle in the reserpine-treated rat are 
closely similar to those found in Parkinson's disease [29]. 
Lesions of the striatal nuclei has been shown to abolish the 
rigidity [8] as did treatment with I-dopa [39]. Thus, it could 
be assumed that the reserpine rigidity was caused by in- 
teraction with striatal catecholamine transmission. 
Dopaminergic stimulation of the nucleus accumbens septi 
evoked hyperlocomotion in reserpine-treated rats [27,301. 
while stimulation of the corpus striatum evoked stereotyped, 
hyperkinelic movements [231. The close association between 
postural and locomotor functions [371 raised the question 
whether the nigrostriatal or mesolimbic parts of the ascend- 
ing mesotelencephalic dopamine system 1421 were involved 
in reserpine rigidity. Thus, microinjections of drugs were 
given into terminal areas of these two systems, the corpus 
striatum and nucleus accumbens. Apomorphine, at potent 
dopamine receptor stimulant [3,16]. abolished the reserpine 
rigidity when injected bilaterally to the corpus striatum but 
not when given into the nucleus accumbens or when haloper- 
idol had been given in advance [6]. Thus, there was indica- 
lion of a differential control of muscle tone and h)comolion 
as has been proposed for the deficits of postural control and 
voluntary movement in parkinsunian patients [32]. 

From the finding presented in "Fable I and Fig. 3 it seems 
more likely that the effects on muscle lone by reserpine and 
apomorphine are generated by interaction with the 
dopaminergic rather than with the adrenergic or 
serotoninergic functions in the brain. There was a slight re- 
duction of muscle tone after treatment with 
5-hydroxytryptophan, the precursor substance to serotonin, 
but this effect might have been caused by interaction with 
the dopaminergic transmission as it was cancelled by prior 
injection of trifluoperazine, a potent catecholamine receptor 
antagonist [9,28]. 

A high dose of methysergide or methiothepin did not 
change the effect of apomorphine. These drugs block periph- 
eral serutoninergic receptors, but it is admittedly uncertain if 
methysergide had any effects within the central nervot, s sys- 
tem [7]. At present there is, however, no other drug known 
to the author that more selectively blocks central 5-HT re- 
ceptors. Prazosin is known to be a rather selective m- 
adrenergic receptor blocking agent [12]. Moderate or high 
doses of this drug did not block the response on reserpine- 
rigidity elicited on systemic administration of apomorphine. 
This points to that these dose dependent effects by apomor- 
phine are due to stimulation of dopamine receptors and con- 
sequently that reserpine rigidity is mainly caused by a defi- 
ciency of the dopamine transmission. It is notable that the 
rigidity developed rather quickly (Fig. 2A) when the 
monoamine levels in the brain still are quite high [4]. Au- 
tonomic effects were seen at the same time. One exphmation 
to these findings may be that the effect on monoamine 
transmission precedes the effect of diffusion of liberated 
amines and the metabolic degradation, as do the (receptor 

mediated'/) inhibitory effects on the dopamine synthesis [I 5 ]. 
Influences from serotoninergic and noradrenergic pathways 
thus cannot be excluded when reserpine is given systemi- 
cally, especially in the early phase of rigidity' as these 
monoamines are known to exert strong influences on spinal 
nervous functions and might change hindlimb muscle tone on 
the segmental level 121. 

The next step thus was to ascertain that reserpine exerts 
its action on the dopamine terminals in the striatum. Rigidity 
could be evoked by local microinjection of reserpine bilater- 
ally into the corpus striatum. That a high dose was necessary 
corresponds to earlier findings [22]. This dose would have 
caused rigidity also if injected intravenously (Fig. 2B), and 
the reserpine might thus have caused widespread effects 
when distributed to other parts of the nervous system b~ the 
circulation. ()n the other hand, it might be suspected that 
there will be a slow release into the circulation when reser- 
pine is injected into the brain, and that only small amounts 
w ill reach other parts of the brain. Chemical substances tend 
to diffuse slowly when injected to the brain and are normally 
found within a radius of a few millimeters when the injected 
volume is less than 5 /,1 135, 40, 47]. Reserpine is quickly 
metabolized to rather inert substances [25,39], except for it 
very small fraction that is bound to the monoamine nerve 
terminal granules [ 19,36] where it exerts its supposed action 
by disrupting the transmitter storage fimction t i l l  14, 18]. It 
might therefore be assumed that the conditions are relatively 
good for it localized action and a restricted spread of the 
functional effects of this drug. The finding that injections of 
reserpine to nearby structures were ineffective as to the nu- 
cleus accumbens (Fig. 4B, treatment No. 3) or to the globus 
pallidus (Fig. 4A) lend further weight to the assumption 
above. Thal the reserpine-induced rigidity' was caused by a 
specific action on the dopaminergic mechanisms is shown by 
the counter-active effect on the rigidity by the subsequent 
treatment with apomorphine [Fig. 4, treatment 2b). Unspe- 
cific noxious inlluences on the corpus striatum such its too 
high dose of cerlain drugs [ 1 l, lesions, acid solvents ( Fig. 4, 
treatment IL ascorbic acid and potassium chloride tend to 
somewhat reduce the reserpine rigidity {data not shov, n). 

Unilateral injections of reserpine (80 p.g/2-4 p.I) to the 
corpus strialum produced an increase of muscle tone in the 
ipsilateral hindleg that was reduced on treatment with 
apomorphine ( Fig. 5 ). There was also a tendency to '" rotate" 
ipsiversively with the hindlegs relatively immobile when 
apomorphine was given it couple of hours after unilateral 
reserpine treatment. These asymmetrical motor effects give 
additional evidence fl~r it specific effect on dopamine trans- 
mission localized to the side of the injection of reserpine. 
The autonomic effects usually seen on systemic treatment 
(closure of the eyes, piloerection, loss of temperature regu- 
lation) were weak or absent, which speaks in tip. our of it 
slow diffusion of reserpine in the brain. 

If the rigidity seen after systemic treatment with reserpine 
was due It) loss of activation of dopanline receptors in the 
corpus slriatum, it should be possible to block the effect of 
systemic apomorphine on Ihis rigidity by local application of 
a dopamine receptor antagonist It) these nuclei. Thus, bilat- 
eral injections of  tr if luoperazine w.ere made. Injections I t )  the 
corpus striatum bh)cked the effect of  systemic apomorphine 
in a dose-dependant manner (Fig. 6A) while injections to the 
accumbens or intravenously were less effective ( Fig. 6B and 
(2). Trifluoperazine in a high dose augmented the muscle 
tone (Table I, group B), but this drug wits less efficacious 
than reserpine, and the effect appeared slowly with a latency 
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of  one  hour. The apparen t  paradox that t r i f luoperazine could 
block the effect  o f  apomorph ine  without  inducing obvious  
rigidity might tentat ively be expla ined by the suggest ion that 
it is much more  difficult to block the intrinsic dopamine  
t ransmiss ion  profoundly  than the effects  o f  extr insic  
apomorph ine .  

To sum up. several  different  me thods  have been applied 
in an a t tempt  to find the role o f  dopamine  t ransmiss ion  in 
reserpine  rigidity. None  of  these  me thods  could alone pro- 
vide conclus ive  evidence .  On the o ther  hand,  all the findings 
point to a crucial role for striatal dopamine  t ransmiss ion  in 
the regulation of  muscle  tone.  No effects  on muscle  tone 
were  tbund from the dopamine  recep tors  in the nucleus ac- 
cumbens .  Thus .  there is ev idence  for a differential  control  of  
muscle  tone and locomot ion  from the nigrostriatal  and the 

mesol imbic  d o p a m m e  neuron sys t ems  respect ive ly .  ] 'he  
rese rp ine- t rea ted  rat can serve  as an animal model  for 
elucidat ing these  mechan i sms .  These  findings might be of  
impor tance  in the work to c rea te  more  specific t rea tment  for 
the different  motor  s y m p t o m s  of  Pa rk inson ' s  disease.  
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