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KOSTOWSKI, W., S. GAJEWSKA, A. BIDZINSKI AND M. HAUPTMAN. Papaverine, drug-induced stereotypy and 
catalepsy and biogenic amines in the brain of the rat. PHARMAC. BIOCItEM. BEHAV. 5(1) 15-17, 1976. - The effects 
of papaverine on haloperidol-induced catalepsy and apomorphine-induced stereotypy as well as brain monoamines 
concentrations in rats were studied. Papaverine increased cataleptogenic effect of haloperidol whilst reduced stereotypy 
induced by apomorphine. Slight but significant decrease in brain dopamine concentration was observed in rats treated with 
papaverine. The present study indicates that papaverine has influences upon dopaminergic mechanisms in the brain. 

Papaverine and C.N.S. Catalepsy Brain monoamines Stereotypy 

PAPAVERINE has been shown to be a potent inhibitor of 
phosphodiesterase in brain and other tissues [12]. Recent 
findings have indicated that dopamine (DA) and dopamine- 
like compound, apomorphine (AP) stimulated the adenyl- 
cyclase activity in the striatum [9,13]. These findings led 
to the hypothesis that adenyl-cyclase may function as a DA 
receptor in some brain areas [9,13]. It has been suggested 
that tetrahydropapaveroline, the compound structurally 
similar to papaverine may be an important metabolite of 
DA [ 12,15]. Thus, the close relations between papaverine 
and dopaminergic brain mechanisms may exist. To check 
this possibility we decided to determine this effect of 
papaverine on DA - related motor disturbances induced by 
some psychotropic c, ompounds. The phenothiazine and 
butyrophenone cataleptic agents are considered to exert 
their effects by interruption of dopaminergic function via 
DA receptors blockade [8,14] whilst stereotypy induced 
by amphetamines and apomorphine is mainly related to 
excitement of pre- and postsynaptic dopaminergic 
mechanisms [2, 5, 141. 

METHOD 

Wistar male rats weighing 180-200  g housed in 
macrolon cages at 20-22°C and fed normal diet were used. 
Cataleptogenic effect of haloperidol and intensity of 
stereotypy induced by apomorphine were scored according 
to the method described previously by us [6]. To investi- 
gate the effects of papaverine on brain monoamine 
concentrations, rats were treated with 5.0 mg/kg IP of this 
drug and killed by decapitation after 150 min. Theh" brains 
were rap id ly  removed and serotonin (5-HT), 5- 

hydroxyindoleacetic acid (5-HIAA) and catecholamines 
(DA and noradrenaline, NA) were fluorimetrically 
estimated in the whole brain (except for the cerebellum). 
The extractions of brain amines and 5-HIAA prior to 
spectrofluorimetry was carried out according to the 
procedure of Haubrich and Denzer [7] with slight 
modifications. Brain tissue was homogenated with 15 ml of 
acidified butanol. The homogenate was centrifuged for 15 
min at 15 000 xg and 2.5 ml aliquots of the supernatant 
were shaken with 5.0 ml of heptane and 1.2 ml of 0.1 N 
HCI. Internal standards were introduced at this point. After 
centrifugation the amines were determined directly in the 
acid ohase, DA and NA - by iodine oxidation according to 
Chang [3] and 5-HT by condensation with o-phtaldialde- 
hyde according to Maickel et el. [11]. 5-HIAA remaining 
after the first extraction in the organic phase, was extracted 
into 0.8 ml of 0.5 M phosphate buffer (pH 7.4) and 
determined according to the procedure described by Korf 
et al. [10]. 

Drugs used were: Haloperidol (Janssen), Papaverinum 
hydrochloricum (POLFA) and Apomorphinum hydro- 
chloricum (dissolved in 0.9% saline and injected IP in the 
volume of 0.1--.0.2 ml). 

RESULTS AND DISCUSSION 

Papaverine given in the doses of 2.5 mg/kg and 5.0 
mg/kg IP failed to change the general behavior of rats. This 
drug, however markedly potentiated catalepsy induced by 
haloperidol (0.15 mg/kg IP). When papaverine was given 60 
min before, the cataleptogenic effect of neuroleptic was 
potentiated (increase of the score) and prolonged (Table 1 ). 
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S t e r e o t y p y  induced  by a p o m o r p h i n e  (4 mg/kg  IP) was 
slightly decreased and sho r t ened  when  an imals  were 
pre t rea ted  60 min  before  wi th  5.0 mg /kg  of  papaver ine  
(Table  2). Biochemica l  analysis showed  decreased concen-  
t r a t i on  of  bra in  DA bu t  o t h e r  amines  and 5-HIAA remained  
unchanged  (Tab le  3). Our  data  ind ica te  tha t  ac t ion  o f  drugs 
such as neuro lep t ics  and DA-like s t imu lan t s  may  be  
changed by papaver ine .  Cent ra l  e f fec ts  of  papaver ine  were 
poor ly  invest igated.  This  drug is k n o w n  to inf luence  on  
sleep cycle in rats  [ 1 ] bu t  no effects  on  bra in  5-HT and NA 
were observed .  

Recent ly ,  two classes of  DA recep tors  have been  
recognized wi th in  the  s t r i a tum:  exc i t a to ry  and inh ib i to ry  
[4 ] .  In this  con t ex t ,  the  role of  DA and dopamine rg ic  
receptors  seems to be  more  complex  and d i f fe ren t  r ecep tors  
are believed to be s t imula ted  or b locked  by d i f f e ren t  drugs  
[4 ] .  Our  s tudies  provide the  evidence  t ha t  papaver ine  and 
ha loper ido l  may act upon  the  same func t iona l  un i t  whils t  
a p o m o r p h i n e  (being on ly  poor ly  af fec ted  by  papaver ine)  
may a t t ack  d i f fe ren t  sites. The  decreased DA c o n c e n t r a t i o n  
in bra ins  of  rats  t rea ted  wi th  papver ine  is d i f f icul t  to 
explain and fu r the r  e x p e r i m e n t s  inc luding DA tu rnove r  and 
me tabo l i t e  m e a s u r e m e n t s  are needed.  

T A B L E  1 

PAPAVERINE AND CATALEPSY |NDUCED BY HALOPERIDOL IN RATS 

Experimental Intensity of catalepsy (scored) after: 
Group N 30 rain 60 rain 90 rain 2 hr 150 rain 3 hr 

Control 24 9.0 9.9 9.6 9.8 9.2 8.5 

Papaverine 
2.5 mg/kg 10 10.3 12.0" 13.2-*. 13.0~ 12.6t 12.5+ 

NS 
5.0 mg/kg 12 12.65 12.8~ 13.0~ 12.9+ 13.0-+~ 12.7~ 

Control group received 0.2 ml of 0.9% NaCI. Haloperidol was injected (0.15 mg/kg i.p.) 60 rain after 
papaverine. 

*p<0.05. 
,* = p<0.001. 
:]: = p<0.001 (according to X ~ test). N--number  of rats. NS--not  significant. 

T A B L E  2 

PAPAVERINE AND APOMORPHINE-INDUCED STEREOTYPY IN RATS 

Experimental Intensity of stereotypy (scored) after: 
Group N 15 min 30 min 45 rain 60 min 75 min 90 min 105 rain 

Control 10 3.37 4.40 4.65 4.65 4.40 2.85 (I.30 
Papaverine 10 3.55 4.15 4.65 4.30 3.20 1.35 0.15 

5.0 mg/kg NS NS NS NS p<0.05 p<0.05 NS 

For explanations see Table I. Apomorphine (4 mg/kg IP) was injected 60 min after papaverine. 

T A B L E  3 

EFFECTS OF PAPAVERINE ON MONOAMINES AND 5-HIAA CONCENTRATIONS IN THE RAT BRAIN 

Experimental Content in brain, ng/g SE 
Group N Serotonin 5-HIAA Noradrenaline Dopamine 

Control 7 710.2 = 96.6 490.0 ~- 73.6 471.7 ± 44.0 2027.0 ± 231.0 
Papaverine 7 762.4 ± 93.0 442.8 ± 58.8 462.2 _+ 37.4 1591.0 ± 359.0 

5 mg/kg NS NS NS t = 2.50 
p <0.05 

Control group received 0.2 ml of 0.9% NaCI. Animals were killed 150 min after injections. For 
statistical analysis the Student's t-test was used. 
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