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LEE, H. K., C. Y. CHAI, M. J. WAYNER, P. M. CHUNG AND C. H. HSU. Effects ofneuroleptics on morphine-induced tail 
erection in mice. PHARMAC. BIOCHEM. BEHAV. 7(2) 153 157, 1977. Morphine elicits dose-dependent tail erection 
in mice. Pretreatment of mice with atropine, phenoxybenzamine, propranolol, diphenhydramine, cyproheptadine or para- 
chlorophenylalanine did not interfere with tail erection induced by morphine. Several neuroleptic drugs which are dopa- 
mine receptor blocking agents showed a clear antagonistic effect on morphine-induced tail erection (MITE). ltaloperidol 
and penfluridol blocked MITE at doses which only produced a slight behavioral depression, Pimozide and chlorpromazine 
were less antagonistic than haloperidol and penfluridol and inhibited MITE only at doses which produced a marked behav- 
ioral depression. Results indicated that dopamine might be involved in tail erection induced by morphine. MITE in mice 
might be a useful model for the evaluation of neuroleptic drugs. 
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M O R P H I N E - L I K E  drugs elicit  tail e rec t ion  in the  mouse  
[ 1,3] and  the  response  can be used as an ind ica t ion  of  pre- 
sumed  euphor i c  act ivi ty  in man  [7] and for s tudy ing  struc- 
ture-ac t iv i ty  re la t ions  a m o n g  opia tes  and opia te  an tagon is t s  
[ 1]. A l t h o u g h  the  resul ts  of  a n a t o m i c a l  s tudies  [3] indica te  
tha t  m o r p h i n e - i n d u c e d  tail e rec t ion  (MITE)  is p roduced  
main ly  by  the  ac t ion  of  the  sacro-coccygeus  dorsalis  muscle  
and t h a t  the  lumbo-sacra l  cord  wi th  its per iphera l  ne rvous  
ou t f low mus t  be  i n t a c t  for p r o d u c i n g  the  reac t ion ,  the  ex- 
act  m e c h a n i s m  by which  m o r p h i n e  induces  tail e rec t ion  is 
no t  known .  Recent ly ,  n u m e r o u s  a t t e m p t s  have been  made  
to cor re la te  the  ef fec ts  of  m o r p h i n e  wi th  pu ta t ive  neuro-  
t r ansmi t t e r s  in the  brain  [5, 10, 13, 14] .  However,  MITE 
has never  been  used as a mode l  for  s imilar  studies.  The pre- 
sent  s t udy  was carr ied ou t  to  invest igate  the  effects  of sev- 
eral t r a n s m i t t e r  an tagon i s t s  on MITE and also to  de t e rmine  
wha t  t r a n s m i t t e r  is involved in this  p h e n o m e n o n .  Results  
ind ica te  tha t  d o p a m i n e  migh t  be involved in tail e rec t ion  
p roduced  by  m o r p h i n e  in the mouse .  

METHOD 

Male a lb ino  mice,  weighing 20 25 g, were used. They  
were p laced  in indiv idual  cages for  observa t ion .  The  ambi-  
en t  t e m p e r a t u r e  was k e p t  at 25 'C .  To min imize  ef fec ts  of  
noise the  e x p e r i m e n t a l  r oom was kep t  relat ively silent.  The 
dose-response  re la t ion  of  MITE was ob ta ined .  Morph ine  
HC1 (Chinese Pha r m acope i a  S tandard ,  suppl ied by  the Bu- 

reau of Narcot ic  Drugs, R.O.C.) was admin i s te red  subcuta-  
neous ly  to  groups  of  6 - 8  mice at doses of  5, 10, 20,  50 and 
100 mg/kg.  The vo lume  of  drug admin i s t r a t i on  was 0.1 
mI /20  g. Since e leva t ion  of the tail at angles grea ter  than  
45 ° [1] and 90 ° [7] has been  used to define the tail erec- 
t ion response,  the  la tencies  for  mice to reach  b o t h  these lev- 
els were ut i l ized in the  present  s tudy.  Two la tencies  were 
measured ;  one,  f rom when  the  m o r p h i n e  was admin i s te red  
to when  the  tail was e levated to at least  45" to  the  hor izon-  
tal and  the second,  f rom when the m o r p h i n e  was adminis-  
tered to when  the tail was elevated to at  least 90 ° to  the 
hor izon ta l .  Tail e rec t ion  dura t ion  was def ined  as the to ta l  
t ime the  tail was e levated no t  less t han  45 ° . All t imes  were 
measured  by  means  of  s top watches .  The to ta l  test  session 
was 60 min fo l lowing the  first la tency.  Since all mice tes ted 
r e sponded  to 100 mg/kg  of m o r p h i n e  wi th  e levated tails of 
at least  90 ° , this  par t icu lar  dose was selected for all sub- 
s equen t  expe r imen t s .  

The ef fec ts  of  var ious  t r a n s m i t t e r  an tagon is t s  on MITE 
was invest igated by  the  p r e t r e a t m e n t  of  each group of  6 to  
8 mice wi th  one of  the fol lowing agents  and chal lenging 
wi th  a s u b c u t a n e o u s  dose of  100 mg/kg  of  morph ine .  All 
drugs were dissolved in n o r m a l  saline wi th  the no t ed  ex- 
cept ions .  The data  for tail e rec t ion  were col lec ted  as men-  
t ioned  previously.  

A t rop ine  sulfate (Sigma) 20 mg/kg,  p h e n o x y b e n z a m i n e  
HC1 (Smi th ,  Kline and F rench )  15 mg/kg,  p rop rano lo l  HCI 
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T A B L E  1 

DOSE-RESPONSE R E L A T I O N S H I P  OF T H E  M O R P H I N E - I N D U C E D  TAIL ERECTION IN MICE 

Dose of No. of mice Latency: No. of mice Latency: Duration: 
morphine responded median responded median median 

mg/kg (>/45 °) and range (~>90 °) and range and range 
SC (min) (rain) (min) 

No. tested No. tested 

5 0/7 - -  0/7 - -  - -  

l0 1/7 19.3 0/7 - -  22 

20 3/6 14.7(14.3-26.2) 0/6 - -  34(33--60) 

50 6/6 11. I(4.8-14.3) 5/6 12.3(7.8--14.9) 60 

100 8/8 7.2(6.2-14.0) 8/8 10.0(9.2-16.0) 60 

(Sigma) 5 mg/kg,  and d i p h e n h y d r a m i n e  HC1 (Sigma) 5 
mg/kg  were admin i s t e r ed  i n t r ape r i t onea l ly  30 rain before  
morph ine .  

C y p r o h e p t a d i n e  HC1 (Merck,  Sharp and  D o h m e )  2 
mg/kg  was admin i s t e r ed  in t ragast r ica l ly  1 hr  be fore  mor-  
ph ine  while the  an imal  had  been  deprived f rom food  
overnight .  

Pa r ach lo ropheny l a l an i ne  (PCPA, Sigma) was adminis -  
tered in t r ape r i t onea l ly  in a daily dose of  100 mg/kg  for  
three  days. The last  dose was given 24 hr  be fore  m o r p h i n e .  

Haloper idol  ( Janssen)  was admin i s t e r ed  i n t r ape r i t onea l l y  
as a suspens ion  (2 d rops  of  su r f ac t an t  po lyso rba t e  in 10 ml 
of  sal ine)  in doses of  1, 2 or  5 mg/kg,  30 min  before  mor-  
phine.  Mice which  received only  solvent  and m o r p h i n e  or 5 
mg/kg  of  ha lope r ido l  and  saline were used as cont ro ls .  

Penf lur idol  ( Janssen)  was p repa red  as a suspens ion  (2 
d rops  of  su r f ac t an t  po lyso rba t e  in 1 0 m l  of  wa te r )  and 
admin i s t e red  in t ragast r ica l ly  in doses of 20, 50 or 100 
mg/kg 2 hr  before  m o r p h i n e .  Mice which  received on ly  sol- 
vent  and m o r p h i n e  or 100 mg/kg  of  penf lu r ido t  and saline 
were used as cont ro ls .  

P imozide  ( Janssen)  was dissolved in 0.1 M tar ta r ic  acid 
and admin i s t e red  i n t r ape r i t onea l ly  in doses of  1, 2, 5, I0,  
20 or 50 mg/kg  90 min  before  m o r p h i n e .  Mice which  
received only  solvent  and m o r p h i n e  or 20 mg/kg  of  p imoz ide  
and saline were used as cont ro ls .  

C h l o r p r o m a z i n e  HC1 (Sigma)  was admin i s t e r ed  intra-  
per i tonea l ly  in doses of  1, 2, 5 or 10 mg/kg  30 rain before  
morph ine .  Mice which  received only  5 mg /kg  of  chlor-  
p romaz ine  and  saline were used as cont ro ls .  

R E S U L T S  

Dose-response R elation o f  MITE 

Table  1 summar izes  the dose-response  re la t ion of  MITE. 
The n u m b e r  of  mice which  r e sponded  wi th  a tail e levat ion 
to at  least  45 ° or 90 ° , the  med ian  and  range of  l a tency ,  and 
the du ra t i on  of  tail e leva t ion  are presented .  Morph ine  had 
very l i t t le  ef fec t  be low 10 mg/kg.  In a dose of 20 mg/kg,  
m o r p h i n e  el ici ted tail e rec t ion  of 45 ° or grea ter  in 3 ou t  of  
6 mice wi th  a med ian  l a t ency  of 14.7 min.  None  of  the  ani- 
mals tes ted  e levated the  tail to 90 ° or  greater.  The m e d i a n  
du ra t ion  of  tail e rec t ion  was 34 rain. For  the  6 an imals  
t rea ted  wi th  50 mg/kg  of  m o r p h i n e ,  all d isplayed tail eleva- 
t ion  of  45 ° or greater  wi th  a med ian  l a t ency  of 11.1 min.  
Only 1 mouse  did no t  reach  a tail e leva t ion  to at least  90  ° . 
The du ra t ion  of  tail e rec t ion  for  mice receiving a dose of  50 
mg/kg  of  m o r p h i n e  or  more  was 60 min (Table  1). When 

the  dose of  m o r p h i n e  was increased to 100 mg/kg,  all ani- 
mals showed  tail e rec t ion  of  at least  90 ° . With this  dose of  
m o r p h i n e ,  the  med ian  la tency  for the response  greater  than  
45 ° and 90 ° were 7.2 and 10.0 min,  respect ively.  

Effects o f  Transmitter Antagonists on MITE 

Effects  of  chol inergic  b locking  agent  (a t rop ine) ,  alpha- 
adrenergic  b lock ing  agent  ( p h e n o x y b e n z a m i n e ) ,  be ta-adren-  
ergic b lock ing  agent  (p roprano lo l ) ,  h i s t amine  an tagon is t  
( d i p h e n d y d r a m i n e ) ,  5 - h y d r o x y t r y p t a m i n e  ( 5 - H T ) a n t a g o -  
nist  ( c y p r o h e p t a d i n e ) ,  and  t r y p t o p h a n  hydroxy lase  inhibi-  
to r  (PCPA) on MITE are summar ized  in Table 2. In general,  
these agents  essential ly had  no  ef fec t  on  MITE. Wi thou t  
excep t ion ,  m o r p h i n e  100 mg /kg  el ici ted tail e rec t ion  of at 
least 90 ° in all mice p re t r ea t ed  wi th  t r a n s m i t t e r  an tagonis t s .  
The charac ter i s t ics  of  MITE in these drug p re t r ea t ed  ani- 
mals were very m u c h  similar  to  those  in animals  p re t r ea ted  
wi th  saline. They  had  comparab le  la tencies  and the  dura- 
t ion  of  tail e rec t ion  was 60 min (Table  2). U n d e r  the pre- 
sent  dosage all the  t r a n s m i t t e r  an tagon is t s  did no t  p roduce  
any behaviora l  depression.  

Effects o f  Neurolepties on MITE 

Effects  of  four  neuro lep t ics :  ha loper idol ,  penf lur idol ,  
p imozide  and  c h l o r p r o m a z i n e  [8,9]  on MITE are summa-  
rized in Table 3. All these drugs b lock  d o p a m i n e  receptors  
[6, 11, 12] .  The MITE of  mice p re t r ea t ed  wi th  the  solvents  
were similar to  those  observed in mice p re t r ea t ed  wi th  sa- 
line. Therefore ,  on ly  the data  of  the saline group are includ- 
ed in Table  3. Admin i s t r a t i on  of the neuro lep t i c s  a lone did 
no t  elicit  tail e rec t ion  in mice.  

Haloper idol  depressed marked ly  the MITE. Fol lowing 1 
mg/kg  ha loper ido l  in 7 mice, 5 had tail e levat ion to at least 
45 ° and only  4 reached  90 ° or greater.  With 2 mg/kg  of  
ha loper idol ,  again in 7 mice,  4 showed  an e leva t ion  of  at 
least 45 ° bu t  only  2 reached  90 ° . When the  dose of halo- 
per idol  was raised to 5 mg/kg,  only  2 out  of  7 mice showed 
a tail e leva t ion  of  at least  45 ~' and none  of  them reached 
90 ° . As shown  in Table 3, when  the dose of  ha loper ido l  was 
increased,  the la tencies  of  MITE increased too,  while the 
du ra t ion  of  MITE decreased.  Haloper idol ,  wi th  the doses 
used in the  present  s tudy ,  on ly  slightly reduced  the act ivi ty 
of animals ,  and p roduced  a mild sedat ion.  Catalepsy or 
dys ton ia  was no t  observed.  

All an imals  p re t r ea ted  wi th  20 mg/kg  (8 mice)  or 50 
mg/kg  (6 mice)  of  penf lur ido l  r e sponded  to m o r p h i n e  wi th  
tail e levat ions  to  at least 45 °. Only 3 mice receiving a dose 
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T A B L E  2 

EFFECTS OF NEUROTRANSMITTER ANTAGONISTS ON MORPHINE-INDUCED TAIL ERECTION 
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Time 

Pretreatment Morphine No. of mice Latency: No. of mice Latency: 
mg/kg responded median responded median 

Drug Dose SC (/>45 °) and range (/>90 °) and range 
mg/kg (min) (min) 

IP No. tested No. tested 

Duration: 
median 

and range 
(min) 

30 min saline - -  100 6/6 6.5(3.0-8.8) 6/6 9.5(7.0 9.8) 

30 min atropine 20 100 6/6 7.0(6.0-11.5) 6/6 8.8(8.5-13.3) 

30 min phenoxy- 15 100 6/6 10.5(6.5-13.3) 6/6 15.5(7.0-17.6) 
benzamine 

30 min propranolol 5 100 6/6 5.4(4.3-5.8) 6/6 6.8(6.0-7.0) 

30 min diphen- 5 100 6/6 6.8(3.0--9.8) 6/6 9.7(5.8-13.9) 
hydramine 

60 min cyproheptadine 2* 100 6/6 5.3(3.2-31.0) 6/6 7.4(4.8-35.3) 

24 hr parachloro- 100 100 8/8 6.2(3.0-9.0) 8/8 9.3(4.0-11.8) 
phenylalanine 3 days 

60 

60 

60 

60 

60 

60 

60 

*Cyproheptadine was administered intragastrically. 

T A B L E  3 

EFFECTS OF NEUROLEPTIC DRUGS ON MORPHINE-INDUCED TAIL ERECTION 

Time 

Pretreatment Morphine No. of mice Latency: No. of mice 
mg/kg responded median responded 

Drug Dose SC (/>45 °) and range (1>90 °) 
mg/kg (min) 

IP No. tested No. tested 

Latency: 
median 

and range 
(min) 

Duration: 
median 

and range 
(min) 

30min saline - -  100 6/6 7.5(3.0-10.5) 6/6 

30 min 

30 min 

30 min 

30 min 

2 hr 

2 hr 

2 hr 

2 hr 

90 min 

90 min 

90 min 

90 min 

90 min 

90 min 

haloperidol 5 0 0/6 - -  0/6 

haloperid ol 1 1 O0 5/7 7.0(4.8-- 12.5) 4/7 

haloperidol 2 1 O0 4/7 12.8(9.2-39.8) 2/7 

haloperidol 5 100 2/7 19.3 and 27.1 0/7 

penfluridol 100" 0 0/6 - -  0/6 

penfluridol 20* 1 O0 8/8 11.5(5.0-32.8) 3/8 

penfluridol 50* 1 O0 6/6 10. 0(3.8-52.2) 1/6 

penfluridol 100" 100 2/7 7.5 and 35.0 0/7 

pimozide 

pimozide 

pimozide 

pimozide 

pimozide 

pimozide 

20 0 0/6 - -  O/6 

1 100 6/6 7.3(4.5-18.0) 6/6 

2 100 6/6 6.3(5.0-8.5) 6/6 

5 100 6/6 11.5(7.5-34.0) 6/6 

10 100 6/6 9.6(3.0-15.8) 6/6 

20 100 6/6 22.1(4.0-30.0) 3/6 

30 min chlorpromazine 5 0 0/6 - -  0/6 

30 min chlorpromazine 1 100 6/6 6.9(5.5-8.8) 5/6 

30 min chlorpromazine 2 100 4/6 7.6(4.5-11.1) 3/6 

30 min chlorpromazine 5 100 2/6 7.3 and 8.8 2/6 

30 min chlorpromazine 10 100 0/6 - -  0/6 

9.3(7.0-11.0) 

m 

7.9(7.5-13.1) 

9.7 and 13.4 

7.1(5.3-21.3) 

15.0 

D 

8.0(5.0-18.3) 

7.5(5.5-10.5) 

12.9(8.3-34.5) 

10.2(3.8-16.1) 

27.0(4.3-29.4) 

m 

9.3(6.1-14.5) 

8.8(5.5-9.2) 

11.1 and 12.2 

60 

m 

40(34--60) 

34(28-51) 

32 and 41 

38(3-60) 

36(5-60) 

18 and 19 

60 

60 

60 

60 

53(45-60) 

D 

60 

60 

60 

*Penfluridol was administered intragastrically. 
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of 20 mg /kg  and  1 receiving 50 mg/kg  of  penf lu r ido l  show- 
ed a tail e leva t ion  of  at least  90 ° . When the dose of  pen-  
f lur idol  was increased to 100 mg/kg,  only  2 out  of 7 mice 
showed  a tail e rec t ion  to 45 ° or grea ter  and n o n e  of  t h e m  
reached  90  °. The  la tenc ies  of  MITE were no t  apprec iab ly  
p ro longed  but  the  du ra t i on  was reduced  by penf lu r ido l  pre- 
t r e a t m e n t  (Table  3). Similar to ha loper idol ,  penf lu r ido l  
wi th  the  doses used in the p resen t  s tudy  p roduced  only  a 
mild seda t ion  in mice. 

P imozide  wi th  doses of  1, 2, 5 or 10 mg /kg  p roduced  in- 
creasing seda t ion  in mice but  had  no  an tagon i s t i c  ef fec t  on  
the MITE {Table 3), When the dose of p imoz ide  was in- 
creased to 20 mg/kg,  it p r o d u c e d  marked  cata lepsy and se- 
vere seda t ion  in mice.  However ,  all 6 mice p re t r ea t ed  wi th  
this  dose r e sponded  to m o r p h i n e  wi th  tail e levat ions  to at 
least 45 ~' . Only 3 of  t hem did no t  reach  90 ° . The l a t ency  of  
MITE seemed p ro longed  wi th  this  dose and there  was a 
slight decrease in the  du ra t ion  (Table  3). All 6 mice tes ted  
with 50 mg/kg  of  p imoz ide  died 2 3 rain a f te r  the  drug 
admin i s t r a t ion .  Therefore ,  the re  are no  results  for this  dose 
in Table  3. 

C h l o r p r o m a z i n e  wi th  doses of  1 or 2 mg/kg  p roduced  
mild to mode ra t e  seda t ion  in mice and caused some de- 
press ion of  MITE. As shown in Table 3, fo l lowing 2 mg/kg  
c h l o r p r o m a z i n e  in 6 mice,  4 d isplayed tail e levat ions  to at 
least  45 ° and  shor t ly  a f te r  3 reached 90 ° or greater .  An in- 
crease of c h l o r p r o m a z i n e  to 5 mg/kg  p roduced  cata lepsy,  
general  h y p o t o n i a ,  and severe seda t ion  in all 6 mice tes ted.  
However,  2 of  t h e m  still d isplayed tail e leva t ion  to at least  
90". Latencies  for  the  MITE did no t  seem to be p ro longed  
and there  was also no  r educ t i on  in the du ra t i on  of  MITE 
(Table  3). When the dose was f u r t he r  increased to 10 
mg/kg,  all 6 animals  tes ted fell i n to  sleep and lost  the r ight-  
ing reflex comple te ly .  Morphine  elici ted no  tail e rec t ion  at 
all in these mice. 

D I S C U S S / O N  

A more  precise quan t i t a t ive  m e t h o d  was used in the 
p resen t  s tudy  to invest igate  m o r p h i n e  el ici ted dose-depen-  
den t  tail e rec t ion  in mice. The resul ts  indica te  t ha t  MITE is 
no t  a f fec ted  by  p r e t r e a t m e n t  wi th  large doses of  chol inergic  
b locking  agent ,  a lpha-  and be ta -adrenerg ic  b lock ing  agents,  
h i s t amine  an tagonis t ,  and 5-HT antagonis t s .  There fore ,  
MITE migh t  no t  be re la ted  to the ac t ions  of  ace ty lcho l ine ,  
n o r e p i n e p h r i n e ,  h i s t amine ,  or 5-HT. 

Fou r  neu ro l ep t i c  drugs used in the  present  e x p e r i m e n t s  
vary in the i r  abi l i ty  to  depress  MITE. Haloper idol  is the 
mos t  effect ive.  At a dose which  did not  p roduce  seda t ion ,  
ha loper ido l  p r even t ed  tail e leva t ion  to at least 90 ° in mice 
t rea ted  wi th  100 mg/kg  of  m o r p h i n e .  In compar i son  to 
ha loper idol ,  a larger dose of  penf lu r ido l  was requi red  to de- 
press MITE. Also, penf lu r ido l  did no t  p roduce  any obvious  
sedat ion.  On the o t h e r  hand ,  p imoz ide  at doses which  pro- 
duced severe seda t ion  in mice did no t  af fec t  MITE very 
much .  The abi l i ty  of  c h l o r p r o m a z i n e  to an tagonize  the ef- 
fect of  m o r p h i n e  on tail e rec t ion  cor re la ted  closely wi th  its 
t ranqui l iz ing  effect .  Only in large doses when  chlor-  
p romaz ine  p roduced  a marked  seda t ion  in the mice,  it si- 
m u l t a n e o u s l y  depressed or abol i shed  MITE. The data  agree 
wi th  some previous  f indings  tha t  MITE was abol ished dur- 
ing general  anes thes ia  induced  by p e n t o b a r b i t a l  or e ther  
[ 3 ] .  There fore ,  the  depressive ef fec t  of neuro lep t i cs  on 
MITE can no t  be a t t r i b u t e d  to the i r  t ranqui l iz ing  effects.  

Many of  the  pharmaco log ica l  ac t ions  of m o r p h i n e  are 
similar to those  of  ha loper idol ,  p imozide ,  and  o the r  neuro-  
lept ics  [ 10] ; for example ,  b lockade  of  s t e r eo typed  behav ior  
induced  by a p o m o r p h i n e  and a m p h e t a m i n e  [ 1 0 , 1 2 [ .  How- 
ever, this  is no t  the  case for MITE. A l though  the neuro-  
lept ics  used in the p resen t  s tudy  seem to selectively b lock  
d o p a m i n e  receptors  in the  cent ra l  ne rvous  sys tem [6, l l ,  
12] ,  it is n o t  clear why the depressive effects  on  MITE vary 
so much .  Nonethe less ,  these results  suggest tha t  a possible 
in t e rac t ion  b e t w e e n  m o r p h i n e  and d o p a m i n e  receptors  
might  be responsible  for the tail e rec t ion  p h e n o m e n o n  ob- 
served in mice. In add i t ion ,  the  d i f ferences  observed be- 
tween  neuro lep t i c s  on MITE suggest the possible use of the  
p h e n o m e n o n  for  screening or evaluat ing new neuro lep t i c s  
in the future .  

All the  neuro lep t i c s  s tudied  in the p resen t  e x p e r i m e n t s  
are used extens ive ly  in the t r e a t m e n t  of  psychosis  [2 ,6 ] .  
Recent ly ,  several e n d o g e n o u s  m o r p h i n e m i m e t i c  brain pep- 
t ides have been found  to p roduce  p r o f o u n d  behaviora l  ef- 
fects in rats  and suggest some et iological  s ignif icance in 
m e n t a l  illness [4 ] .  Results  of  the present  s tudy  indica te  
tha t  neuro lep t i cs  can an tagon ize  a un ique  behaviora l  ef fec t  
of morph ine .  However,  more  research on the i n t e r ac t i on  of 
neuro lep t i cs  wi th  behaviora l  changes  induced  by endoge-  
nous  m o r p h i n e m i m e t i c  brain pep t ides  is necessary before  
the  role of  neuro lep t i c s  in the t r e a t m e n t  of menta l  dis- 
orders  can be e lucidated.  

I. Aceto, M. D., D. B. McKean and J. Pearl. Effects of opiates and 
opiate antagonists on the Straub tail reaction in mice. hr. J. 
Pharmac. 36: 225-239,  1969. 

2. Baro, F., R. van kommel, R. l)om and L. De Mesmaecker. Pim- 
ozide treatment of chronic schizophrenics as compared with 
haloperidol and penfluridol maintenance treatment. A multi- 
disciplinary approach. Aeta Psychiat. belg. 72: 199 214, 
1972. 

3. Bilbey, D. L. J., H. Salem and M. H. Grossman. The anatomical 
basis of the Straub phenomenon, hr. J. Pharrnac. 15: 
540-543,  1960. 
Bloom, F., D. Segal, N. Ling and R. Guillemin. Endorphins: 
Profound behavioral effects in rats suggest new etiological fac- 
tors in mental illness. Science 194: 630-632,  1976. 

5. Bradley, P. B. and A. Dray. Morphine and neurotransmitter 
substances: Microiontophoretic study in the rat brain stem. hr. 
.L Pharmac. 50 :47  55, 1974. 

4. 

R E F E R E N C E S  

6. Byck, R. Drugs and the treatment of psychiatric disorders. In: 
The Pharmacological Basis o f  Therapeutics, edited by L. S. 
Goodman and A. Gilman. New York: MacMillan, 1975, pp. 
152-200. 

7. Collier, H. O. J. and C. Schneider. Profiles of activity in m- 
dents of some narcotic and narcotic antagonist drugs. Nalure 
224:610 612, 1969. 

8. Janssen, P. A. J., C. J. 1';. Niemegeers, K. H. L. Schellekens, A. 
Dresse, 1". M. Lenaerts, A. Pinchard, W. K. A. Schaper, J. M. 
Van Nueten and 1". J. Verbruggen. Pimozide, a chemically nov- 
el, highly potent and orally long-acting neuroleptic drug. Part 
I: The comparative pharmacology of pimozide, haloperidol 
and chlorpromazine. Arzneimittel-Forseh. 18:261 279, 1968. 

9. Janssen, P. A. J., C. J. E. Niemegeers, K. H. L. Schellekens, 1:. 
M. Lenaerts, F. J. Verbruggen, J. M. Van Nueten. The pharma- 
cology of penfluridol (R 16341 ) a new potent and orally long- 
acting neuroleptic drug. E'ur. J. Pharmac. l I: 139-- 154, 197~). 



N E U R O L E P T I C S  AND M O R P H I N E - I N D U C E D  T A I L  E R E C T I O N  157 

10. H. Lal. Narcotic dependence, narcotic action and dopamine re- 
ceptors. Life Sci. 17: 483-496 ,  1975. 

11. Nose, T. and H. Takemoto. The effect of penfluridol and some 
psychotropic drugs on monoamine metabolism in central ner- 
vous system. Eur. J. Pharmac. 31 : 351-359,  1975. 

12. Shintomi, K. and M. Yamamura. Effects of penfluridol and 
other drugs on apomorphine-induced stereotyped behavior in 
monkeys. Eur. J. Pharmac. 31:273 280, 1975. 

13. Way, E. L. and F. H. Shen. Catecholamines and 5-hydro- 
xytryptamine. In: Narcotic Drugs: Biochemical Pharmacology, 
edited by D. H. Clouet. New York: Plenum Press, 1971, pp. 
229-253.  

14. Weinstock, M. Acetylcholine and cholinesterase. In: Narcotic 
Drugs. Biochemical Pharmacology, edited by D. H. Clouet. 
New York: Plenum Press, 1971, pp. 254-261.  


