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GIANUTSOS, G AND H. LAL Blockade of  apomorphme-induced aggresston by morphine or neurolepttcs dtfferenttal 
alteration by antlmuscarmws and naloxone PHARMAC BIOCHEM BEHAV 4(6) 639-642,  1976 - Both morphine and 
the neuroleptlcs, halopendol and oxyperomlde, dose-dependently reduce the aggression m rats produced by 20 mg/kg of 
apomorphine, a dopamlne receptor stimulant The narcotic antagomst, naloxone, prevents this effect of morphine but not 
the effect of neuroleptlcs Dexetlm~de, a centrally acting antlmuscanmc drug, antagonizes the reduction m aggression 
produced by the neuroleptlcs, but does not affect morphine's action The chohnergxc agonlst, pllocarpme, enhances th~s 
action of oxyperom~de These results suggest that a cholanerg~c component contributes to the ant~-agresslon action of 
neuroleptlcs and demonstrates a difference m the mechanism of action between neuroleptlcs and morphine 

Apomorphine Morphine Haloperldol Oxyperomlde Dopamlnerglc-chohnerg,c interaction Aggression 

H A L O P E R I D O L  and m o r p h i n e  have in c o m m o n  a n u m b e r  METHOD 
of  behaviora l  and  n e u r o c h e m i c a l  e f fec ts  wh ich  are re la ted  Male, Long-Evans  ra ts  ( 3 7 5 - 4 7 5  g) were t e s  
to  the  d o p a m m e r g i c  sys tems  in the  CNS [9,11 ] However ,  aggression by placing t h e m  in g roups  of  4 in a chain  
the  lack of  a d d i c t i o n  habd~ty of  the neu ro l ep t l c s  ind ica tes  × 19.5 × 19 5 cm)  5 m m  af ter  an m t r a p e r l t o n e a l  lr 
t ha t  there  is also a ma jo r  d i f fe rence  in the  ac t ions  of  these  of  20 mg /kg  of  a p o m o r p h m e  This  dose of  apom, 
drugs This  would  suggest  t ha t  the  2 drugs have diss imilar  was chosen  f rom previous  e x p e r i m e n t s  m which  
mechan i sms ,  which  m ay  ref lect  d i f f e ren t  ac t ions  on  the  s h o w n  to p roduce  max ima l  aggression [ 5 , 1 1 ] .  "l- 
m a n n e r  t ha t  d o p a m i n e  in te rac t s  wi th  o t h e r  neu ro t r ans -  were observed for  1 hr  dur ing  which  t~me 3 param, 
mi t t e r s  in the  bra in  aggression were measured  as descr ibed by  Lal [ 10] 

It has been  d e m o n s t r a t e d  t ha t  the  na rco t i c  an t agoms t ,  were a t t acks  or b~tes by  one  an imal  against  a n o t t  
na loxone ,  reverses the  ac t ion  of  m o r p h i n e  in p roduc ing  d u r a t i o n  of  aggressive pos tu r ing  ( rear ing by  pairs c 
ca ta lepsy  [8]  and  inh ib i t ing  bra in  se l f - s t imula t ion  [ 19] ,  and  vocahza t lons ,  which  were au toma t i ca l l y  count ,  
bu t  the  similar ac t ions  of  neu ro l ep t l c s  are u n a f f e c t e d  by  voice ope ra t ed  relay modi f ied  to de tec t  sound  in tl" 
n a l o x o n e  Conversely ,  these  ef fec ts  of  ha lope r ido l  are of  2 4 0 0 - 4 8 0 0  Hz The  rehabxhty  of  these  measu 
an tagon ized  by  an t i chohne r g i c s  which  do no t  a l ter  the  been  d e m o n s t r a t e d  an several r ecen t  r epor t s  (see [5,1 
ac t ions  of  m o r p h i n e  [3 ,20]  Prior  to the  re jec t ion  of  a p o m o r p h m e ,  one  or r 

These  earl ier  s tudies  have deal t  wi th  s imple behaviora l  the  fo l lowing drugs were re jected h a l o p e n d o l  (coul 
effects  of  these  c o m p o u n d s .  In the  p resen t  s tudy,  we McNeil Labora to r tes  and Janssen  P h a r m a c e u t l c a  
dec ided  to invest igate  the  abi l i ty  of  neu ro lep t l c s  and  p e r o m l d e  ( R 4 7 1 4 )  ( cour t e sy  of  Janssen  Pha rmac  
m o r p h i n e  to an tagon ize  the  ac t ion  of  a dopamlnerg~c m o r p h i n e ,  dexe t lmlde  ( R 1 6 4 7 0 )  ( cour t e sy  of  
agonlst ,  a p o m o r p h i n e  [ 1 , 1 3 ] ,  m order  to examine  the i r  Pha rmaceu t l ca ) ,  n a l o x o n e  or saline A series of  
d o p a m m e  b lock ing  ac t ion .  Any  d i f fe rences  in the  a b l h t y  of  ranging f r o m  inef fec t ive  to larger effect ive  doses of  a 
subs tances  to  oppose  th is  ac t ion  of  m o r p h i n e  or h a l o p e n d o l  were utdazed in this  s tudy  The  vo lume  of  mject~o 
may  provide  f u r t h e r  ev idence  regarding the  m e c h a n i s m  of  drugs  (or  sal ine)  was 1 ml /kg  in all cases. The  d r u  
ac t ion  of  these drugs  and  m ay  f u r t h e r  suggest t ha t  a f reshly  d~ssolved m saline before  use excep t  for hale  
d i f fe rence  m the  ba lance  b e t w e e n  d o p a m m e  and  o t h e r  and  o x y p e r o m l d e  which  were f reshly  prepared  lr 
t r an smi t t e r s  a c c o u n t s  for  some of  the  d i f fe rences  b e t w e e n  ta r ta r ic  acid. 
the  drugs. Specifically,  we lnvest~gated the  abd l ty  of  these  M o r p h i n e  and  o x y p e r o m l d e  were Injected 
d r u g s  to a n t a g o m z e  the  aggression p r o d u c e d  by  pera toneal ly  45 m m  before  test ing,  while haloperac 
a p o m o r p h m e  [15]  B o t h  c o m p o u n d s  have been  s h o w n  to re jec ted m t r a p e r l t o n e a l l y  2 hr  before  tes t ing  
have ant laggress lon  p roper t i e s  in several mode l s  of  drug- p r e t r e a t m e n t  t imes  were based on  pi lot  expe r lm  
induced  aggression [ 5 ,15] .  wh ich  it was d e t e r m i n e d  t h a t  the  peak drug ef fec t  o~ 
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T A B L E  I 

EFFECT OF DRUGS ON APOMORPH[NE-INDUCED AGGRESSION* 

Aggressive Responses/Hour 
Dose (Mean +_ SE/group) 

Drug? (mg/kg) N$ Attacks Rearing Vocahzatlons 

Vehicle - -  5 61 ~ 9 2750 +_ 251 2219 _+ 204 

Halopendol 0 63 2 59 _+ 5 2358 ± 756 1351 ± 97 
1 25 5 28 + 8§ 2358 ± 544 1190 _+ 487 
25  5 2 + 2§ 89_+ 89§ 17 _+ 15§ 

Oxyperomtde I 25 2 52 +_ 2 2621 _+ 220 889 -* 95 
2 5 5 15 +_ 6§ 1163 _+ 510§ 386 -+ 148§ 
5 0  5 2 _+ 2§ 33 _+ 33§ 25 +- 25§ 

Sahne - -  5 58 ± 10 1787 z 301 1188 ± 252 

Morphine 5 5 28 _+ 11§ 1150 ± 285 702 ± 221 
10 5 1 ± 1§ 30_* 30§ 1163 ± 196 

*Apomorphme (20 mg/kg) was rejected into all groups 
?Halopendol was injected two hours before testing while oxyperom~de was rejected 40 mm before 

testing 
:~Numbe~ of groups [four rats per group) tested 
§Sigmficantly different (p<0.05) from sahne control (Dunnet's Test) 

a f te r  these  p r e t r e a t m e n t s  Dexe t imlde  and n a l o x o n e  were These  resul ts  suggested t ha t  a chol inergic  con" 
re jected subcu t aneous l y ,  35 or 10 min  before  test ing,  c o n t r i b u t e d  to the  ant i -aggression ac t ion  of the  
respect ively.  These  p r e t r e a t m e n t  t imes  were also based  on  leptacs. In o rder  to tes t  this  a s sumpt ion ,  a ma 
pi lot  e x p e r i m e n t s  Haloper ido l  xs a well k n o w n  neuro lep t i c ,  effect ive dose of  o x y p e r o m i d e  (2 5 mg/kg)  was co 
while  o x y p e r o m l d e  is a neu ro lep t i c  agent  wi th  l i t t le  if any  wi th  a marginal ly  effect ive dose (2 mg/kg)  
ca ta lep t ic  ac t iv i ty  at the  doses used in this  s tudy  (C J. E chol inergic  drug, p i Iocarpine  (previous ly  de t e rmine  
Niemegeers ,  pe rsona l  c o m m u n i c a t i o n ) .  Dexe t lmIde  is a pi lot  e x p e r i m e n t s )  The c o m b i n a t i o n  of  these , 
cen t ra l ly  ac t ing  an t l cho l ine rg ic  drug [7 ] .  marked ly  r educed  the  aggression p roduced  by apom, 

The  results  were ana lyzed  s tat is t ical ly  using D u n n e t ' s  (Tab le  3) 
Test  [21]  

DISCUSSION 

RESULTS The  resul ts  of  this  s tudy  ind ica te  t ha t  the  ant~-ag[ 
Fo l lowing  the  in jec t ion  of  20 mg/kg  of  apomorphane ,  ac t ion  of  neuro lep t l c s  and m o r p h i n e  may  be differ  

the  rats, as expec ted ,  d e m o n s t r a t e d  a h igh degree of  an t agon ized  by  d i f fe ren t  c o m p o u n d s  B o t h  m o r p h  
aggression charac te r i zed  by long intervals  of  rear ing the  neuro lep t l cs  reduced  the  aggression induced  by 
a c c o m p a n i e d  by loud vocahza t ion ,  f r e q u e n t  b i t ing  and dose of  a p o m o r p h i n e .  However,  na loxone  p r e v e n  
per iods  of  boxing.  These  behaviors  were an t agon ized  by  all r e d u c t i o n  of  a p o m o r p h i n e - i n d u c e d  aggression prodl  
3 of  the  tes t  c o m p o u n d s  ut i l ized m thts  s tudy  Haloper ido l  m o r p h i n e ,  bu t  no t  by  ha loper ido l ,  while  th  
was max ima l ly  effect ive  at a dose of  2.5 mg/kg, oxy-  chol inergic ,  dexetamlde,  reversed the  ef fec t  of  the  
perom~de at a dose of  5 mg/kg  and m o r p h i n e  at  a dose of  lept~cs, bu t  no t  t ha t  of  morph ine .  Previously,  
10 mg/kg  (Table  1) d e m o n s t r a t e d  t ha t  na rco t ic  an tagon i s t s  and ant~chol 

Na loxone ,  which  had  no  ef fec t  o n  a p o m o r p h l n e - m d u c e d  also d i f fe ren t ia l ly  a n t a g o m z e  some behaviora l  ef[ 
aggression on  Its own,  was able to  an tagon ize  the  b lockade  narco t ics  and neurolept~cs  (see I n t r o d u c t i o n )  It sh, 
of  aggression p roduced  by  m o r p h i n e  (Tab le  2), so tha t  h igh  po in t ed  ou t  t ha t  a p o m o r p h m e  induced  aggression x~ 
levels of  f ight ing resul ted  a f te r  the  c o m b i n e d  a d m i n i s t r a t i o n  an this  s t udy  as a mode l  of  d o p a m l n e  hype rac t iv i ty  
of  m o r p h i n e  + n a l o x o n e  + a p o m o r p h m e .  However ,  th is  9, 1 1] )  and  the  results  may  be not  generahzed  to a] 
na rco t ic  an tagon i s t  failed to a l ter  the  b lockade  of  aggres- of  aggresston. 
saon p roduced  by  ha lope r ido l  or o x y p e r o m i d e .  In the  p resen t  s tudy ,  n a l o x o n e  and dexet~mtd 

In con t r a s t  to  these  results ,  the  an t lmusca r in l c  s h o w n  to selectively an tagon ize  the  abIh ty  of  m o r p h  
c o m p o u n d ,  dexe t imide ,  par t ia l ly  an t agon ized  the  b lockade  neurolept~cs,  respect ively,  to c o u n t e r a c t  the  bel 
of  aggression p roduced  by  e i the r  neu r o l ep t l c  (Tab le  2) The  effects  resul t ing f rom the admlmst ra t~on  of  a do 
dose of  d e x e t i m i d e  which  was effect ive in reversing the  agonlst  A r e d u c t i o n  of  d o p a m m e  recep to r  act~vatior 
neuro lep t i c  e f fec t  (2.5 mg/kg)  appa ren t ly  has  h t t le ,  if any,  be cons i s t en t  wi th  a b lockade  of  a p o m o r p h m e - i  
e f fec t  on  a p o m o r p h l n e - i n d u c e d  aggression o n  its o w n  aggression, since a p o m o r p h m e  IS beheved  to , 
(G~anutsos  and Lal, in p r e p a r a t i o n )  Larger doses  of  s t imula te  d o p a m i n e  recep tors  [1 ,13]  and  this  f~ 
d e x e t l m i d e  r e t u r n e d  the  aggression to essent ia l ly  saline aggressive behav io r  appears  to  be d e p e n d e n t  on  do 
con t ro l  levels. However ,  even this  large dose of  dexe t imlde  act iv i ty  [4 ,5]  Bo th  neu ro lep t i c  drugs [2,1 2] and  m, 
was unab le  to p reven t  the  ant i -aggression ac t ion  of [6 ,14]  appa ren t ly  increase the  t u rnove r  of dopamJ 
m o r p h i n e  (Table  2). consequence  of  r educed  recep to r  act ivi ty,  bu t  it 



DRUGS AND A G G R E S S I O N  

T A B L E  2 

REVERSAL OF THE BLOCKADE OF APOMORPHINE-INDUCED AGGRESSION* 

Aggressive Responses/Hour 
Pretreatment Dose Post-Treatment Dose (Mean _+ SE/groupl 
Drug (mg/kg) Drug (mg/kg) N Attacks Realmg Vocahzatlon 

Sahne - -  Sahne - -  5 47 ± 10 1633 = 315 1119 ± 306 

Haloper]dol 2 5 Sahne - -  3 3 ± 3 71 _+ 71 22 _+ 23 
Dexehmlde I 25 2 18 ± 4 986 ± 152 583 --_ 120 

2 5 6 14 ± 3 571 ± 191 403 ± 109 
50  3 45 ± 4 1392 ± 209 1214 ± 342 

Naloxone 4.0 3 0 0 0 

Oxyperomlde 5 Sahne - -  3 0 0 0 
Dexehmlde 1 25 4 19 _+ 9 615 ___ 278 433 _+ 207 

2 5 4 20 _+ 4 562 ± 118 388 _+ 110 
5.0 3 37 ± 13 1087 ± 389 998 _+ 303 

Naloxone 4.0 3 0 0 0 

Morphine I0 Sahne - -  3 0 0 0 
Dexetimlde 1 25 3 1 _+ 0 6 _+ 5 12 +_ 9 

25 3 0 0 0 
50  6 4 ± 2 76 ± 52 101 ± 51 

Naloxone 4 0 5 42 ± 5 1654 _+ 384 1163 +_ 196 

Sahne - -  Naloxone 4 0 3 46 ± 5 2189 +_ 263 1283 _+ 107 

*All groups were injected with apomorphme (20 mg/kg) following treatment with other drugs 

T A B L E  3 reduce a p o m o r p h m e - m d u c e d  aggression These drl 
increase the release and turnover  of  ace ty l chohne  ( 

EFFECT OF PILOCARPINE PLUS OXYPEROMIDE ON APO- a consequence  of  d o p aml n e  recep to r  blockade [ 
MORPHINE*-INDUCED AGGRESSION Since chohnerglc  s t imula t ion  also reduces  apom~ 

induced  aggression [5 ] ,  it is possible that  the rel 
Aggresswe Responses/Hour ACh by the neuro lep t lcs  con t r ibu tes  to their  antl-agl 

(Mean _+ SE/group) activity. Indeed,  it was shown in this s tudy that  cc 
Reanng t r e a t m e n t  of  o x y p e r o m l d e  and a chohnerglc  

Drug Nt Attacks (Secs) Vocahzatlon enhanced  the anti-aggression p rope r ty  of  oxype  

Thus, an t lchohnerg lc  drugs may partxally reverse th, 
Sahne 6 53 ± 4 2702 _ 122 1693 __+- 221 of  the neuro lep t ics  by coun te rac t ing  the ef fec ts  o f  
Pfiocarpme:~ 6 30 ± 6 1621 _+ 334 451 +- 88 ACh 

Oxyperomlde§ 6 28 __. 6 1410 +_ 434 745 ± 245 The mechan ism by which morph ine  blocks the 
Pdocarpme~ slon (and reduces  d o p a m m e  recep to r  ac twl ty)  lS~ 

+ 6 4 ± 3¶ 465 ± 307¶ 125 ± 94 but  appears  to be d i f fe rent  f rom the act ton of  halo 
Oxyperomlde§ Morphine  may work indirect ly  via some neurona  

*20 mg/kg of apomorphme m.lected into all groups o the r  than  direct  r ecep to r  b lockade,  a l though tt 
tNumber of groups (4 rats per group)tested cluslon is speculative at this t ime. In add lhon ,  11 
:~2 mg/kg 10 mm before testing appear  that  ACh is u m m p o r t a n t  for  th~s behavioral  e 
§2 5 mg/kg 35 mm before testing morph ine  suggesting that  morph ine  dis turbs  the 
¶S~gmficantly different (p <0 05) from pdocarpme or oxyperom]de d o p a m m e / A C h  balance m a manner  unhke  the neurc 

alone (by Test of lndwldual Comparisons, 21) Lastly, it has been d e m o n s t r a t e d  that  ant~mu 

drugs may an tagomze  some of  the chnlcal  the1 
appear  that  the  precise m e c h a m s m  revolved is d i f fe ren t  for  achvi ty  of  an t i -psychot ic  drugs [ 16]. The relevanc~ 
these two  classes of  c o m p o u n d s ,  present  results in which the antl-aggressaon act ion 

The neuro lep t lcs  are beheved to direct ly  block d o p a m m e  neu ro lpehcs  is s imdarly an tagomzed  by ant l -mu 
receptors  [ 2,12] and this may account  for  their  ab th ty  to c o m p o u n d s  remains  to be establ ished.  
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