
Pharmacology Biochemistry & Behavior, Vol. 6, pp. 325-329.  Copyright © 1977 by ANKHO international Inc. 
All rights of reproduction in any form reserved. Printed in the U.S.A. 

Quipazine-Induced Head-Twitch in Mice 1 
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MALICK, J. B., E. DOREN AND A. BARNETT. Quipazine-induced head-twitch in mice. PHARMAC. BIOCHEM. BEHAV. 
6(3) 325-329,  1977. - Quipazine has been reported to be a direct serotonin receptor agonist. In this laboratory, quipazine 
produced head-twitch in mice similar to that produced by the serotonin precursor, 5-hydroxytryptophan (5-HTP). Three 
antiserotonergic drugs (methiothepin, methysergide, and cinanserin) antagonized both the 5-HTP and quipazine-induced 
head-twitch responses. In addition, the quipazine response was significantly potentiated by a monoamine oxidase (MAO) 
inhibitor, pargyline. Since it is not likely that quipazine itself is metabolized by MAO, these results suggested that 
quipazine might cause release of endogenous serotonin. Parachlorophenylalanine, a serotonin depletor, significantly 
antagonized the potentiation of quipazine by the MAO inhibitor but failed to antagonize the head-twitch produced by 
quipazine itself. The present studies suggest that quipazine influences serotonin receptors in the brain to produce 
head-twitch by two mechanisms of action: (1) by direct serotonin receptor activation, and (2) indirectly by causing a 
release of endogenous serotonin. 

Quipazine-induced head-twitch Mechanism of action Serotonin-like activity Serotonin receptor antagonists 
5-HTP-induced head-twitch 

Q U I P A Z I N E  has been  r e p o r t e d  to have act ivi ty at sites 
G E N E R A L  METHOD outs ide  of the  cent ra l  ne rvous  sys tem tha t  are sensit ive to  

se ro ton in  [ 9 ] ,  and it has been  suggested t ha t  its act ivi ty  CF No. I-S male mice ( 2 0 - 2 4  g) were used t h r o u g h o u t  
was p r o d u c e d  by s e ro ton in  r ecep to r  ac t iva t ion  [ 10] .  these studies.  All drug doses were ca lcula ted  in t e rms  of 

Quipaz ine  also has been  r epo r t ed  to have se ro ton in- l ike  mg/kg of  free base, and all t r e a t m e n t s  were admin i s t e r ed  
act ivi ty in the  cent ra l  ne rvous  sys tem (CNS) since it using aqueous  so lu t ions  or suspens ions  of drug in 0.4% 
p roduced  sham-rage in the  cat [7,  9, 10, 23] t ha t  was methyl -ce l lu lose  so lu t ion .  Vo lumes  used were 2 0 m l / k g f o r  
similar to  the  response  p r o d u c e d  by 5 - h y d r o x y t r y p t o p h a n  the oral (PO) rou te  and 10 ml /kg  for  the in t r ape r i tonea l  
(5-HTP),  the s e ro ton in  p recursor  [2 ] .  The  cent ra l  sero- (IP) route .  The  drugs used in these s tudies  were the malea te  
tonin- l ike  ac t ions  of qu ipaz ine  were abol i shed  by the  salts of  m e t h i o t h e p i n ,  me thyse rg ide  and qu ipaz ine  and the  
an t i se ro tonerg ic  drugs, c y p r o h e p t a d i n e  [10]  and  c inanser in  h y d r o c h l o r i d e  salts of c inanser in  and pargyl ine,  dl-Para- 
[ 2 1 ] .  G r a b o w s k a  and  co-workers  [6] f o u n d  t ha t  para- c h l o r o p h e n y l a l a n i n e  was used as the free acid (Nut r i t iona l  
c h l o r o p h e n y l a l a n i n e  (PCPA),  a s e ro ton in  dep le to r ,  failed to Biochemical  Corpora t ion ) .  L - 5 - h y d r o x y t r y p t o p h a n  was 
s ignif icant ly  inh ib i t  the  ac t ions  (e.g., s t e r eo t yped  head used in these studies.  Pilot s tudies  were no t  pe r fo rmed  
m o v e m e n t s ,  snif f ing and  gnawing)  of  qu ipaz ine  in the ra t ;  b l ind;  however ,  all of the  resul ts  used in this  paper  were 
however ,  me thyse rg ide ,  a s e ro ton in  r ecep to r  an tagon is t ,  f rom studies c o n f i r m e d  unde r  bl ind cond i t i ons  (e.g., the  
inh ib i t ed  all of  the s y m p t o m s  observed  fo l lowing qu ipaz ine ;  t echn ic ian  did no t  know wha t  drugs were being tes ted) .  
in add i t ion ,  qu ipaz ine  may  also in te rac t  wi th  d o p a m i n e  
recep tors  since ha loper ido l  and  p imoz ide  inh ib i t ed  the  EXPERIMENT 1. HEAD-TWITCH PRODUCED BY QUIPAZINE 
gnawing  and  sniff ing p r o d u c e d  fo l lowing its admin i s t r a t ion .  ALONE AND IN COMBINATION WITH PARGYLINE 
Quipaz ine  did no t  s igni f icant ly  a l te r  to ta l  bra in  levels of 

Method se ro ton in  or n o r e p i n e p h r i n e  in the  rat  [20]  ; however ,  it 
i nh ib i t ed  3H-se ro ton in  up take  in to  rat  corpus  s t r i a tum in Head- twi tch  was def ined as d is t inct  side-to-side move-  
vi t ro [ 1 6 ] .  m e n t  of  the  head  which  was i n d e p e n d e n t  of  b o d y  jerking.  

In this l abo ra to ry ,  it was observed  tha t  qu ipaz ine  In pi lo t  s tudies ,  qu ipaz ine  p roduced  head- twi t ch ing  re- 
p roduced  head- twi t ch ing  in mice t ha t  appeared  to be the  sponses t ha t  were evenly d i s t r ibu ted  over the 30-min 
same as tha t  which  was p r o d u c e d  by  5-HTP [ 3 ,15 ] .  The  observa t ion  per iod  fo l lowing drug admin i s t r a t ion .  In all 
p resent  s tudies  were designed to invest igate  f u r t h e r  this  s u b s e q u e n t  studies,  head- twi tches  were c o u n t e d  be tween  10 
sero tonin- l ike  act ivi ty  of qu ipaz ine  and  to d e t e r m i n e  and 20 rain af te r  qu ipaz ine  so tha t  the results  could be 
whe the r  it would  be an t agon ized  by  se ro ton in  r ecep to r  c o m p a r e d  wi th  those  ob t a ined  in 5-HTP-induced head-  
an tagonis t s  or by s e ro ton in  dep le t ion ,  twi tch  s tudies  ( E x p e r i m e n t  2). Mice were housed  5 per  

' Paper presented in part at FASEB Meeting, Atlantic City, New Jersey, April, 1975 tAbstract: Fcdn Proc. 34: 801, 1975). 
Requests for reprints should be sent to Dr. Jeffrey B. Malick, Biomedical Research Department, Pharmacology Section, ICI United States 

Inc., Wilmington, DE 19897 U.S.A. 
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c h a m b e r  in a qu ie t  area dur ing test ing.  The  data  were T A B L E  I 
expressed as the  mean  n u m b e r  of head- twi tches  for the 
10-min obse rva t ion  per iod.  HEAD-TWITCH FOLLOWING VEHICLE OR PARGYLINE 

ADMINISTRATION 
Init ial ly,  qu ipaz ine  was s tud ied  by itself  to d e t e r m i n e  its 

abi l i ty to p roduce  head - twi t ch ing  over a wide range of  
doses (1 -10  mg/kg,  IP). Subsequen t ly ,  the  p r o d u c t i o n  of  Dose No. of Twitches 
head- twi tches  by qu ipaz ine  in the presence  of  a m o n o a m i n e  Treatment* (mg/kg,ip) Nt  {Mean ± SEMI 
oxidase i nh ib i t o r  (MAOI) ,  which would  p reven t  the  break-  
down of any released m o n o a m i n e s ,  was s tudied.  In drug Vehicle Controls 10 ml/kg 10 0.3 ± 0.2 
c o m b i n a t i o n  studies,  the MAOI,  pargyl ine  (100  mg/kg ,  IP; Pargyline 100 2(} 0.4 ± 0.2 
this dose was chosen  on the basis of  previous  5-HTP Pargyline 200 Itl 0.4 ± 0.2 
head- twi tch  s tudies  [ 7 ] ) ,  was admin i s t e r ed  3 hr  pr ior  to 

*Mice were treated with either vehicle (t).4% methylcellulose) or 
qu ipaz ine  a d m i n i s t r a t i o n  and head- twi tches  were once  again pargyline 180 min prior" to a second vehicle injection; head-twitches 
coun t ed  be tween  1 0 and 20 rain pos t -qu ipaz ine .  Head- were counted between 10 and 20 rain after the second injeclion. 
twi tch  responses  fo l lowing qu ipaz ine  a lone were c o m p a r e d  +Number of mice tested at each dose. 
to those  ob t a ined  in c o m b i n a t i o n  with pargyl ine  via a 
S t u d e n t ' s  t - test  (one- ta i led) .  

In order  to adequa te ly  con t ro l  these expe r imen t s ,  p roduced  head- twi t ch ing  in mice which  appeared  to be 
separate  groups  of  mice were t rea ted  e i the r  with  vehicle or similar to tha t  p roduced  by the  admin i s t r a t i on  of 5-HTP, 
pargyl ine 180 min  pr ior  to a second vehicle in jec t ion ;  the se ro ton in  precursor  [ 3 , 15 ] .  In add i t ion ,  the head- 
head- twi tches  were then  c o u n t e d  be t w een  10 and  20 rain twi tch  response  p roduced  by qu ipaz ine  can be s ignif icant ly  
af ter  the  second in jec t ion  as in the o the r  expe r imen t s .  This p o t e n t i a t e d  by p r e t r e a t m e n t  wi th  an MAOI, much  the  same 
e x p e r i m e n t  was necessary to con t ro l  for  s p o n t a n e o u s  as has been  observed with the 5-HTP-induced head- twi tch  
head- twi t ch ing  and to de t e rmine  w h e t h e r  pargyl ine  by i tself  response [3 ] .  
would induce  head- twi tch ing .  Modigh [17] has observed t remor ,  l imb abduc t ion ,  and 

h y p e r e x t e n s i o n  in add i t ion  to rapid head m o v e m e n t s  
Results fol lowing high doses (400  to 800 mg/kg,  IP) of 5 - [ t T P ; i n  

A few vehic le- in jected con t ro l  mice exh ib i t ed  a very low the p resen t  s tudy ,  qu ipaz ine  only  p roduced  head- twi tch ing  
level of s p o n t a n e o u s  head - tw i t ch ing  dur ing  the 10-min except  a f te r  the highest  dose t e s t e d t l 0 m g / k g ,  I P ) a t  which 
observa t ion  per iod (Table  1). A d m i n i s t r a t i o n  of  pargyl ine  a few mice exh ib i t ed  slight t remor ing .  
i 100  or 200 mg/kg,  IP) failed to s ignif icant ly  ( p > 0 . 1 0 ;  
S t u d e n t ' s  t - tes t )  increase the low level of  head - tw i t ch ing  EXPERIMENT 2. ANTAGONISM OE QU1PAZINE- AND 5-HTP- 
observed in the  vehicle con t ro l s  (Table  1 ). IN1)UCED HEAD-TWITCH 

Quipaz ine  p r o d u c e d  relat ively low levels of  head-  Since qu ipaz ine  p roduced  head- twi t ch ing  in mice tha t  
twi tch ing  over  a wide range of doses {Table 2); however ,  appeared  to be indis t inguishable  f rom tha t  p roduced  by the 
qu ipaz ine  p r o d u c e d  s ignif icant ly  ( p < 0 . 0 5 :  S t u d e n t ' s  t - tes t )  s e ro ton in  precursor ,  5-HTP, s tudies  were designed to 
greater  head - twi t ches  than  observed in vehicle t rea ted  

de t e rmine  w h e t h e r  the qu ipaz ine - induced  response  could be 
controls .  No dose-response  re la t ionsh ip  exis ted  when  quip-  pharmacologica l ly  an tagon ized  by se ro ton in  r ecep to r  antag- 
azine was given by itself. P r e t r e a t m e n t  wi th  pargyl ine  onists.  In add i t ion ,  for  compara t ive  purposes ,  the  pharma-  
resul ted in a s ignif icant  ( p < 0 . 0 1 : S t u d e n t ' s  t - tes t )  po ten t i a -  cological an tagon ism of  the 5-HTP-induced head- twi tch  
t ion of the  head - tw i t ch  response  at all doses of qu ipaz ine  
tha t  were tes ted ( 'Fable 2); in the presence  of  pargyl ine ,  the  response was s tudied  at the same t ime. 

act ivi ty of qu ipaz ine  was dose related.  The  qu ipaz ine /  Method 
pargyline c o m b i n a t i o n  also p roduced  s ignif icant ly  ( p < 0 . 0 5 ;  
S t u d e n t ' s  t - tes t )  greater  head - tw i t ch ing  t han  observed in Antagonism o f  quipazine-induced head twitch. In drug 
mice only  t rea ted  with pargyl ine {Table 1 ) . T h u s ,  qu ipaz ine  an tagon i sm studies ,  pargyl ine  (100  mg/kg,  IP) was given 

T A B L E  2 

HEAD-TWITCH INDUCED BY QUIPAZINE A[,ONE AND IN COMBINATION WITH PARGYL[NE 

Induction of head-twitch in mice 
Quipazine alone Quipazine + pargyline$ 

Dose No. of Twitches No. of Twitches 
(mg/kg, ip) (Mean ± SEMI* Nt (Mean ± SEMI* N+ P Value§ 

1.0 4.8 _+ 0.8 10 2(}.9 ± 4.1 10 <().0l 
3.0 1.6 ± 0.5 5 26.8 ± 4.9 5 <0.01 

10.0 4.4 _+ 1.1 10 61.0 ± 16.2 5 <0.(ll 

*Mean number of head-twitches 10-20 rain after quipazine administration ± standard error of the 
mean. 

+Number of mice tested at each dose. 
SMice pretreated with pargyline (100 mg/kg, ip) 3 hr prior to administration of quipazine. 
§Student's t-test comparing quipazine-pargyline combination to quipazine alone. 
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2 1/2 hr prior to the oral administration of test drug procedures, and the MED50 values for antagonism of 
(serotonin receptor antagonist); 30 min after test drug, the head-twitch were also quite similar (Table 3). 
mice were challenged with quipazine (1.0 mg/kg, IP) and The antagonism of quipazine by the serotonin receptor 
head-twitches were counted between 10 and 20 rain as antagonists was surmountable since, when a higher dose of 
before. This dose of quipazine was chosen because it quipazine (10 mg/kg, IP) was used to induce the head- 
produced a frequency of head-twitching in combination twitch, the methysergide MED50 for antagonism of the 
with pargyline that was approximately the same as that response was 10 mg/kg, PO as compared to 3 mg/kg, PO 
observed in the 5-HTP-induced head-twitch procedure, versus the lower quipazine dose ( 1 mg/kg, IP). 

The antiserotonergic drugs (i.e., drugs which inhibit the Thus, the head-twitch produced by quipazine in corn- 
pharmacological effects of serotonin at specific receptor bination with pargyline appeared to be the result of activity 
sites) used in these studies (i.e., methiothepin [18,22],  at serotonin receptors since it was pharmacologically 
methysergide [4],  and cinanserin [5])  were selected antagonized by antiserotonergic drugs that were also 
because they were previously demonstrated to be anti- antagonists of the 5-HTP-induced head-twitch response. 
serotonergic drugs that were devoid of anticholinergic 
activity in mice, in contrast to other antiserotonergic drugs EXPERIMENT 3. EFFECTS OF PCPA ON QUIPAZINE-INDUCED 
(e.g., cyproheptadine, pizotyline, and xylamidine) that also HEAD-TWITCH 
exhibited potent anticholinergic activity [15]. Five mice 
were used to evaluate each dose of the serotonin receptor This experiment was designed to determine whether 
antagonists and the dose intervals were kept constant (0.5 serotonin depletion with PCPA would diminish the head- 

twitch produced either by quipazine by itself or by logto units) for each drug. The mean number of head- 
twitches per mouse was determined for each group, and this quipazine plus pargyline. PCPA has been shown to be a 
value was compared to the same day control value. The relatively selective depletor of brain serotonin in mice 
MED50, the minimal dose of test drug that produced a [12,13] although higher doses are required in mice than in 
reduction in the mean number of head-twitches of 50% or rats. The dose of PCPA used in this study was chosen since 

Kilian and Frey [ 12] observed that brain levels of serotonin more compared to the appropriate control group receiving 
saline and tested on the same day, was obtained for each of were significantly reduced (58% decrease) in mice 24 hr 

following a high dose (900 mg/kg) of PCPA whereas no the antiserotonergic drugs. The dose-response curves gen- 
erated in this procedure did not permit ED50 determina- significant alterations were observed in the brain levels of 

the catecholamines (norepinephrine or dopamine). tions because the slopes of the curves were too steep. 
Antagonism o f  5-HTP-induced head-twitch. 5-HTP, the 

serotonin precursor, produces head-twitching in mice which Method 
has been shown to be blocked by serotonin antagonists [3].  Two groups of 20 mice each were administered either 
Pretreatment with pargyline potentiates the response pre- placebo (vehicle control) or PCPA (1000 mg/kg, IP) 24 hr 
sumably by preventing the catabolism of the serotonin prior to the administration of quipazine (1 mg/kg, IP). In 
formed from the 5-HTP. Pargyline (100 mg/kg, IP )was  addition, both of these groups were divided in half, and 10 
given 2 1/2 hr prior to the oral administration of each mice from each group received placebo, and the remaining 
antiserotonergic drug; 30 min later, the mice were chal- 10 mice from each group received pargyline (100 mg/kg, 
lenged with 5-HTP (25 mg/kg, IP). Head-twitches were IP) treatments 3 hr prior to quipazine. Once again, 
counted between 10 and 20 min after 5-HTP. The head-twitches were counted between 10 and 20 rain post 
antiserotonergic drugs were tested at the same doses as in quipazine, and the groups were compared utilizing a 
the quipazine test, and the data were analyzed in the same Student's t-test. 
way to obtain MED50's. 

Results 
Results 

PCPA significantly antagonized (p<0.01; Student's t- 
All three serotonin receptor antagonists (methiothepin, test) the potentiation of the quipazine response produced 

methysergide, and cinanserin) inhibited both the 5-HTP- by pretreatment with pargyline but failed to alter signifi- 
induced and the quipazine-induced head-twitch responses cantly the head-twitch response produced by quipazine by 
(Table 3); the order of potency was the same in both itself(Table 4). 

TABLE 3 

ANTAGONISM OF 5-HTP- AND QUIPAZINE-INDUCED HEAD-TWITCH IN MICE BY SEROTONIN 
RECEPTOR ANTAGONISTS 

Inhibition of 5-HTP-induced Inhibition of quipazine- 
head-twitch induced head-twitch 

Treatment MED50 (mg/kg p.o.)* Nt MED50 (mg/kg, p.o.)* N+ 

Methiothepin 1.0 50 3.0 35 
Metbysergide 1.0 40 3.0 25 
Cinanserin 10.0 20 10.0 20 

*Minimum effective dose producing a 50% or greater decrease in head-twitch as compared to 
control. 

?Number of mice used for each drug. 
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T A B L E  4 

EFFECT OF PCPA ON QU|PAZINE-INDUCED HEAD-TWITCH IN MICE 

Induction of head-twitch in mice 
Quipazine alone Quipazine + pargyline$ 
No. of Twitches No. of Twitches 

Treatment* (Mean ± SEM)t Mean ± SEM)+ p Value§ 

Placebo 4.5 + 0.8 11.6 _+ 1.1 <0.01 
Control 

PCPA// 6.1 ± 0.6 5.6 + 0.8 NS 

p Value** NS <0.01 

*N= 10 mice/treatment group. 
?Mean number of head-twitches 10-20 rain alter quipazine administration ± standard error of the 

mean. 
:l:Mice pretreated with pargyline (100 mg/kg, IP) 3 hr prior to quipazine administration. 
§Student's/-test comparing quipazine-pargyline combination to quipazine alone. 
//Parachlorophenylalanine (1000 mg/kg, IP) administered 24 hr prior to quipazine. 
**Student 's  t-test comparing placebo to PCPA-treated group for quipazine alone and 

quipazine-pargyline groups. 

G E N E R A L  DISCUSSION 
lateral geniculate of cats [25] .  However,  methysergide did 

Quipazine produced  head-twitch by itself in mice which not  block the depressant effects  of 5-HT in the reticular 
was overt ly similar to that p roduced  by 5-HTP, the format ion  [1] or the lateral geniculate [14] .  Haigler and 
serotonin precursor  [3] .  This finding conf i rmed previous Aghajanian [81 failed to antagonize the depressant effects  
studies that suggested that  quipazine had a serotonin-l ike of 5-HT in the ventral lateral geniculate,  optic tec tum and 
activity [7, 9, 10, 23] that may be the result of direct amygdala of the rat fol lowing the adminis t ra t ion of  several 
serotonin receptor  act ivat ion [10] .  serotonin receptor  antagonists (e.g., methysergide,  methio-  

In addit ion,  p re t rea tment  with an MAO inhibi tor  signifi- thepin,  cinanserin); however,  tile exci ta tory  effects  of  5-HT 
cantly potent ia ted  the activity of quipazine.  Since it is in tile ret icular fo rmat ion  could be blocked by these 
unlikely that quipazine itself is inactivated by MAO [10] ,  antagonists [8] .  The exci ta tory  effects  of  5-HT also have 
one possibili ty that this finding suggested was that  quip- been blocked by methysergide in the reticular format ion 
azine may have caused a substantial release of  endogenous  [1] and cor tex [19] and by cinanserin in the cor tex  [19] .  
serotonin,  which may have been at least partially respon- Thus, al though the serotonin receptor  antagonists do not  
s ine  for its serotonin-l ike activity.  The observat ion that consistently block the depressant 7effects of 5-HT in all 
quipazine by itself does not  induce head-twitching in a brain areas, it is generally accepted that they significantly 
dose-related manner  may, in part,  be due to the fact that antagonize the exci ta tory  effects  of 5-HT in the CNS. Thus, 
the effects  of the released serotonin may not  be apparent  in there may be more than one type of serotonin receptor  in 
the absence of a monoamine  oxidase inhibi tor  (e.g., the CNS. Since head-twitching appears to be a net 
pargyline) since it would be catabolized very rapidly by exci ta tory  response, the serotonin receptor  antagonists 
MAO. Jacobs [11] has reported t h a t p - c h l o r o a m p h e t a m i n e ,  probably block this motor  response by virtue of  their 
a drug which releases endogenous  serotonin,  produced ability to antagonize the exci ta tory  effects of 5-HT in the 
lateral head weaving in the rat as part of  a syndrome CNS [1 ,8 ,  19]. 
characterized by t remor,  rigidity, forepaw treading, Straub Since deplet ion of  brain serotonin with PCPA failed to 
tail and hindl imb abduct ion;  this syndrome was blocked by alter significantly the act ion of quipazine by itself, quip- 
pre t rea tment  with an inhibi tor  of  serotonin biosynthesis  azine appeared to produce head-twitch by direct receptor  
(PCPA). st imulation.  However,  since serotonin deplet ion signifi- 

Since the quipazine-induced head-twitch response was cantly reduced the head-twitch produced by t h e q u i p a z i n e /  
antagonized by ant iserotonergic drugs that were also pargyline combinat ion ,  pargyline probably potent ia ted  the 
antagonists of 5-HTP-induced head-twitch response, it was action of  quipazine by preventing the catabolism of newly 
likely that  the activity of  t h e q u i p a z i n e / p a r g y l i n e c o m b i n a -  released serotonin.  Therefore ,  because of the differential  
tion was at serotonin receptors,  effects of PCPA on head-twitch induced by quipazine itself 

A controversy exists as to whether  the existing serotonin or in combina t ion  with pargyline, it is proposed that 
receptor  antagonists  (e.g., methysergide,  meth io thepin ,  quipazine produced head-twitch by two mechanisms:  ( l l  
cinanserin) block serotonin receptors  in the CNS. When by direct serotonin receptor  s t imulat ion,  and (2) by a 
serotonin is applied via micro iontophores is  to individual release of endogenous serotonin which can only be demon-  
neurons in the CNS it e i ther  produces  inhibi t ion (depres- strated in the presence of an MAO inhibitor.  
sion) or exci ta t ion of neuronal  activity [8] .  Segal and Quipazine previously has been reported to be capable of  
Bloom [24] have antagonized the 5-HT inhibi tory effects  direct receptor  act ivation [10] .  The present studies confirm 
in the h ippocampus  of rats fol lowing the adminis t ra t ion of  this mechanism of action, but, in addit ion,  they suggest 
methysergide and cyproheptad ine  and meth io thep in  has that there may be a second, indirect  mechanism of action 
been shown to inhibit the depressant effects  of 5-HT in the (i.e., release of endogenous serotonin)  for quipazine,  both 
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