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Summary. Persistent and transient muscular rigidities 
were induced by 6-aminonicotinamide (6-AN) and 
reserpine, respectively, in rats and recorded electro- 
myographically. 

Very low doses oflisuride (25 or 50 pg/kg) reduced 
or abolished the increased electromyographic activity 
in the gastrocnemius muscle. Similar results were ob- 
tained with the combination of L-DOPA (100 mg/kg) 
plus benserazide (25 mg/kg). Methysergide was in- 
active. It is suggested that lisuride could be of value in 
the therapy of Parkinson's disease. 
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INTRODUCTION 

The administration of 6-aminonicotinamide (6-AN) 
to rats (10 mg/kg i.p.) produces characteristic neuro- 
toxic symptoms (Johnson and McColl, 1955; Stern- 
berg and Philips, 1958; Wolf and Cowen, 1959; 
Coper and Herken, 1963) including a strong muscular 
rigidity of the hind limbs. Concomitant with the onset 
of the morphological lesions and metabolic changes 
which are first found in the neuroglial cells, especially 
in the spinal cord (Herken et al., 1973), spontaneous 
electrical activity increases in the gastrocnemius muscle 
(Herken et al., 1976; Halbhfibner et al., 1977). The 
muscular rigidity of the hind limbs as well as the 
pathological activity in the electromyogram of the 
gastrocnemius muscle are irreversible. 

Send oJ]))rint requests to H. Herken at the above address 
* N-(D-6-methyl-8-isoergolenyl)-N'N'-diethylcarbamide hydro- 
gen maleate 

The neurotoxic syndrome produced by 6-AN may 
result from lesions in the extrapyramidal motor system 
in addition to those in the spinal cord, as Schneider 
(1971) found microscopic lesions in the red nucleus, 
the vestibular nuclei, and the reticular formation. It 
was, therefore, of interest, to compare the modi- 
fication by drugs of the 6-AN-induced syndrome 
and of the reserpine-induced muscular rigidity. 

Reserpine, administered to rats in high doses, is 
known to cause reproducible Parkinson-like symptoms 
with increased electromyographic activity which, in 
contrast to the changes induced by 6-AN, last only 
a few hours (Steg, 1964; Jurna and Lanzer, 1969; 
Morrison and Webster, 1973). Reserpine-induced 
rigidity has been proposed to result from an increased 
c~-motoneurone activity and a decreased 7-motoneu- 
rone activity (Roos and Steg, 1964) due to an im- 
paired balance of dopaminergic and cholinergic mech- 
anisms in the brain (Barbeau, 1962). Both dopamin- 
ergic and cholinolytic substances have been shown to 
abolish reserpine-induced rigidity (Jurna and Lanzer, 
1969; Jurna, 1976), and this effect was correlated with 
their clinical potency in the treatment of Parkinson's 
disease (Goldstein et al., 1975). 

METHODS 

The electromyograms were recorded from the gastrocnemius muscle 
of male Wistar rats (Hagemann, Extertal) by concentric needle 
electrodes. For quantitative analysis the signals were rectified and 
integrated by an analog computer (EAI 380 Analog Hybrid Com- 
puting System), and in each case the voltage was measured over a 
period of 20 s. The animals were given either 6-AN (10 mg/kg i. p.) 
several months before or reserpine (i0 mg/kg i.v.) 1 h before the 
investigation. All drugs used were dissolved either in 0.9 % saline or 
in 2% methylcellulose (L-DOPA). L-DOPA (100 mg/kg 30 min 
after pretreatment with 25 mg/kg of benserazide), lisuride (25 or 
50 gg/kg), and methysergide (1 mg/kg) were administered i. p. 

6-Aminonicotinamide was purchased from Roth (Karlsruhe) 
and L-dihydroxyphenylalanine from Serva (Heidelberg). Benser- 
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Fig. 1. Effects of L-DOPA (100 mg/kg) plus benserazide (25 mg/kg), lisuride (50 gg/kg) and methysergide (1 mg/kg) on the electromyographic 
hyperactivity recorded from the gastrocnemius muscle of 6 different rats pretreated with either 6-AN (I) (10 mg/kg) or reserpine (II) (10 mg/kg) 

azide (Ro 4-4602) was a gift of Hoffmann-La Roche AG (Grenzach), 
lisuride of Schering AG (Berlin), rnethysergide of Sandoz AG 
(Basel), and reserpine (Serpasil) of Ciba-Geigy GmbH (Wehr). 

RESULTS AND DISCUSSION 

The similarity of muscular rigidity in the hind limbs of 
rats occurring after either reserpine or 6-AN led us to 
compare the effects of L-DOPA in these two models. 
Birkmayer and Hornykiewicz (1961) were the first to 
report  on the successful treatment of Parkinson's 
disease with L-DOPA. These results were confirmed 

by many authors (Rinne and Sonninen, 1968; Barbeau, 
1969; Calne and Sandler, 1970; Calne, 1973). L-DOPA 
has an indirect stimulating effect on the central 
nervous dopamine receptors by increasing the pre- 
viously reduced dopamine levels both in patients 
suffering from Parkinson's disease (Davidson et al., 
1971) and in reserpine-treated animals (Bertler, 1961 ; 
see Hornykiewicz, 1972). 

The combination of L-DOPA with benserazide 
(Ro 4-4602) increases the central supply of L-DOPA 
by an inhibition of  the peripheral aromatic amino acid 
decarboxylase (Pletscher and Bartholini, 1971). As 
shown in Figure 1, L-DOPA (100 mg/kg i.p.) 30 rain 
after benserazide (25 mg/kg i. p.) abolished the sponta- 
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neous  e l e c t r o m y o g r a p h i c  act ivi ty  induced  by reserp ine  
(n = 8) as well as by  6 - A N  (n = 8). This  effect in 
ra ts  p re t r ea t ed  with  reserpine  is in good  agreement  
wi th  the  obse rva t ions  o f  o ther  au thor s  ( R o o s  and  Steg, 
1964; J u r n a  and  Lanzer ,  1969). 

In  a d d i t i o n  to the effect o f  L - D O P A  we inves t iga ted  
the influence o f  l i sur ide  on the e l e c t r o m y o g r a m  p a t t e rn  
in bo th  models .  L i sur ide  p roved  to possess  a s t rong 
pe r iphe ra l  an t i se ro tonerg ic  (Votfiva and  Lamplovf i ,  
1961) and  d o p a m i n e r g i c  ac t ion  in the centra l  ne rvous  
sys tem ( H o r o w s k i  and  Wach te l ,  1976; Kehr ,  1977). 
L i sur ide  was very  po t en t  in reduc ing  the electr ical  
act iv i ty  in bo th  reserp ine-  and  6 - A N - i n d u c e d  r igidi ty.  
A dose  o f  25 I.tg/kg o f  l isur ide reduced  the ini t ia l  
ac t iv i ty  (100%) r eco rded  f rom rats  p re t r ea t ed  with  
6 - A N  to 4 9 . 4 ~  _+ 18.4 SD and  to 2 . 4 ~  _+ 3.4 SD in 
an imals  p r e t r ea t ed  wi th  reserpine.  50 lag abo l i shed  the 
s p o n t a n e o u s  d ischarge  in bo th  cases as shown in 
F igure  1. 

The  lack  o f  a depressan t  effect o f  the  se ro ton in  
an t agon i s t  me thyse rg ide  (1 m g / k g  i .p .) ,  ano the r  lys- 
ergic ac id  der ivat ive ,  on the  e l e c t r o m y o g r a m  (n = 6) in 
bo th  cases excludes the poss ib i l i ty  tha t  the  effect o f  
l i sur ide  was due  to  its an t i se ro tonerg ic  ac t ion  (see 
Fig.  1). 

The  above  results  are  in f avour  o f  the hypothes i s  
tha t  the pers i s ten t  act ivi ty  in the  e l e c t r o m y o g r a m  o f  
rats  p r e t r ea t ed  wi th  6 - A N  results  f rom an  increased  
e - m o t o r  ac t iv i ty  as does  reserpine  r igidi ty,  a l t hough  an 
add i t i ona l  y -hyperac t iv i ty  canno t  be excluded.  This  
also appl ies  for  the  p a t h o p h y s i o l o g y  o f  the extra-  
p y r a m i d a l  s y m p t o m s  o f  P a r k i n s o n ' s  disease.  I t  is no t  
yet  clear,  whe ther  r ig id i ty  in P a r k i n s o n ' s  disease  is 
caused  by  a dys func t ion  o f  ~- or  7 -moto r  system 
(Calne,  1970; Wiesendange r ,  1972). 

The  effect o f  l i sur ide  in the reserp ine  m o d e l  for  
screening a n t i - P a r k i n s o n i a n  agents  (Golds te in  et al., 
1975; Jurna ,  1976) and  the s imi lar  effect found  on  the 
pers is ten t  muscu la r  r ig id i ty  induced  by  6 - A N  suggest  
tha t  this d rug  could  have po ten t i a l  usefulness in the  
t he r apy  o f  P a r k i n s o n ' s  disease.  
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