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BANSINATH, M , J S FISHER, C K TANG, H TURNDORF AND M M PUIG Effects ofmu receptoragontsts and 
dropertdol on motor coordmatzon m mtce PHARMACOL BIOCHEM BEHAV 29(3) 609-612, 1988--The effects of 
morphine, fentanyl, sufentand and droperldol on motor coordination m mice were studied Ammals were trained to 
complete successfully the rotarod test before assessing the effects of drugs Administration of analgesic doses of the mu 
agonlsts morphine, fentanyl and sufentand did not lnh~blt motor coordination Droperidoi produced a dose related mhlbl- 
tton of motor coordination When a subthreshold dose of dropendol was administered followed by an opmte, a slgnlticant 
inhibition of motor coordination was observed The results indicate that although analgesic doses of mu oplold agomsts do 
not affect motor coordination, their comblnaUon with droperidol results m motor mcoordlnat~on The mechamsms and/or 
op~old receptor sub-types revolved in thts in wvo lnteractton remam to be estabhshed 

Opmtes Oplold receptors Mu receptor agomsts Motor coordination Dropendol 

DOPAMINERGIC mechanisms are known to be involved in 
modulation of motor activity [ 17]. In vitro evidence indicates 
that morphinans and benzomorphans bind to dopaminerglc 
sites in the strlatum [5] and in vivo, the dopamlne receptor 
blocker spiperone has been shown to decrease morphine in- 
duced hypermotillty [11] /3-Endorphin has been reported to 
induce a pattern of  behavior similar to that of neuroleptlc 
drugs [13] Furthermore, the neuroleptlcs like haloperldol 
and droperldol have been shown to release endogenous 
oploIds [18,22] The opiate antitusslve codeine, a weak mu 
oplold receptor agonist, alters VlSUO-motor coordination and 
dynamic visual acuity [3] 

To induce neuroleptanesthesia, extremely potent mu 
opiold receptor agonists hke fentanyl and sufentani1 are often 
combined with the neuroleptic dropendol Dropendol is a 
dopamlne receptor antagonist [4] and has a longer duration 
of action when compared to fentanyl [16] Hence, due to 
residual concentrations of droperldol and opiates in vivo dur- 
ing neuroleptanesthesla, dropendol is likely to modulate 
oploid induced changes in motor coordination. The present 
study was aimed to characterize the motor coordination 
changes induced by analgesic doses of  oplolds combined 
with droperidol The rotarod tes t - -a  model to test motor 
coordination in rodents [23]--was used to assess the effect of 
combinations of  fentanyl, sufentanll and morphine with 
droperidol on motor coordination in mice. The results indi- 
cated a positive in VlVO drug-interaction between the opiates 
and dropendol 

METHOD 

Male Swiss Webster mice weighing 25-30 g (Taconic 
Farms, PA) were housed five per cage in a room with con- 
trolled temperature (22-+2°C), humidity and artificial light 
(06"30-19 00 hr). The animals had free access to food and 
water and were used after a minimum of four days acchma- 
tion to the housing conditions 

Dropendol,  fentanyl citrate, sufentanll citrate (Janssen 
Pharmaceutica, Piscataway, N J) and morphine sulfate (Mal- 
linckrodt, Inc , St Louis, MO) were dissolved in delonized 
waterjust  before use. All drugs were injected SC in a volume 
of 10 ml/kg The effects of droperldol (0 5, 1, 2 5 and 5 
mg/kg), morphine (1, 2 and 3 mg/kg), fentanyl (5, 25 and 50 
/zg/kg) and sufentanil (1, 5 and 10/zg/kg) and of the same 
doses of opiates In combination with dropendol (0 5 mg/kg) 
were assessed in groups of six mice Animals in the control 
group received isotonic saline injections Dropendol was in- 
jected 60 minutes prior to and the opiates 30 (morphine) or 15 
(fentanyl and sufentanil) minutes prior to testing based on 
peak times established in previous analgesic tests in our lab- 
oratory [20] 

The details of  the rotarod test procedure were essentially 
similar to those published earlier [1]. Animals were trained to 
perform the task before testing the drug effects A rotarod of 
2 75" m diameter with partitions dividing the rod into three 
equal positions and with a rotation speed of  15 revolutions 
per minute was used A stay on the rod for a maximum 

1Requests for reprints should be addressed to Dr M M Pulg, Department of Anesthesiology, NYU Medical Center, 550 First Avenue, New 
York, NY 10016 
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FIG 1 Effects of opiates and droperldol on motor coordination in trained mice The 
animals were trained for five days to complete the rotarod test The time of stay on the 
rod for each mouse was converted to percent of mean stay of the saline injected group 
Mean_+SEM is represented (n=6) Morphine (3 mg/kg), fentanyl (50/xg/kg) or sufentaml 
(10/xg/kg) alone did not affect motor coordination The same dose of opmte combined 
with dropendol (0 5 mg/kg) significantly inhibited motor coordination (p<0 05) Bar 
labelled droperidol represents the effect of 0 5 mg/kg dropendol alone *p<0 05 when 
companng the results between the opiate alone and the opmte-dropendol combination 
using a two-taded Student 's t-test 

pe r iod  of  90 sec was t a k e n  as the  c n t e n o n  for  the  successful  
comple t i on  of  the  t e s t  An imals  were  sub jec t ed  to two  t ram-  
lng sess ions  pe r  day ,  wi th  two t n a l s  spaced  four  hou r s  apar t  
on  e a c h  of  five c o n s e c u t i v e  days  A m m a l s  wh ich  could  not  
be  t rmned  to comple t e  success fu l ly  the  tes t  by  the  n in th  trial 
were  not  inc luded  in the  s tudy  The  t e n t h  trial was  p r e c e d e d  
by  sal ine or  drug(s)  admln ls t raUon(s )  E a c h  g roup  wi th  a 
m i m m u m  of  six an imal s  pe r  g roup  was t es ted  an  equal  
n u m b e r  o f  t imes  in t h r ee  rod  pos i t ions .  Group-w~se da ta  of  
the  s tay on  rod  In s econds  was  r e c o r d e d  

The  t ime o f  s tay  on  the  rod  for  e ach  an imal  was  c o n v e r t e d  
to p e r c e n t  of  the  m e a n  t ime  of  the  sal ine t r ea t ed  group  P n o r  
to sub jec t ing  the  da ta  to s ta t is t ical  ana lys is ,  indiv idual  per-  
cen tages  as a m e a s u r e  of  m o t o r  coo rd ina t ion  were  c o n v e r t e d  
to the i r  square  roo ts  [10,23] T he  da ta  were  sub jec t ed  to 
A N O V A  fol lowed by S t u d e n t ' s  t - t e s t  A p va lue  of  < 0  05 
was  c o n m d e r e d  as c n t e n o n  for  s ignif icance 

RESULTS 

Droper ldo l  i nduced  mgmfican t  dose  re la ted  inhibi t ion  of  
m o t o r  coo rd ina t i on  ( p < 0  05) The  p e r c e n t s  m o t o r  coord ina-  
t ion m d r o p e n d o l  t r ea t ed  g roups  were  87_+6, 57_+5, 49_+6 and  
40_+3% of  the  s a h n e  con t ro l  for  g roups  wh ich  rece ived  0 5, l ,  
2 5 and  5 mg/kg of  d r o p e n d o l ,  r e spec t ive ly  The  resu l t s  were  
s lgmficant  for  g roups  wh ich  rece ived  l ,  2 5 and  5 mg/kg o f  
d roper ldo l  ( p < 0  05) w h e n  c o m p a r e d  to the  saline t r ea t ed  
con t ro l s  H o w e v e r ,  0 5 mg/kg of  d r o p e n d o l  did not  signifi- 
cant ly  af fec t  m o t o r  coo rd ina t ion  T he  effects  of  m o r p h i n e ,  
f en tany l  and  sufen tan l l  on  m o t o r  coo rd ina t ion  were  deter -  
mined  in g roups  of  six mice  pe r  dose  The  doses  of  op ia tes  
used  were  b a s e d  on  the i r  ED~0's in two analges ic  t e s t s  m ou r  
l abo ra to ry  [20] Group-wise  da ta  o f  the  m e a n  dura t ion  of  

T A B L E  1 

DROPERIDOL NARCOTIC INTERACTION IN THE ROTAROD TEST 
IN MICE 

Stay on Rod m 
Dose Seconds--mean +_ SEM 

(/~g/kg 
Group SC) Control (a) Test (b) 

Saline 

Morphine 

Fentanyl 

Sufentaml 

890+-  0 9  775 +- 53  

1000 895 + 0 5  65 2 +- 67* 
2000 850 +- 3 0  523 +- 48* 
3000 837 +- 3 8  470  +- 50"  

5 7 9 0 _ + 3 9  7 9 3 + _ 5 7  
25 755_+ 5 2  620+-  3 4  
50 7 5 8 _  6 1 522 +- 57"  

1 847_+ 3 2  767_+ 4 4  
5 763 +- 6 0  623 -+ 7 9  

10 780 +- 55  313 +_ 20* 

(a) Group with single drug treatment (Saline or opiate) 
(b) Group with combination of drugs--0 5 mg/kg droperldol and 

the opiate 
*Significantly different (t9 <0 05) when compared with respective 

control (a) group 

s tay on  the  rod  in s econds  (mean-+ S E M )  af te r  d i f ferent  doses  
of  op ia tes  a lone  and  in c o m b i n a t i o n  wi th  d roper ldo l  (0.5 
mg/kg) are  s h o w n  in Table  1 No  signif icant  inh ib i t ion  of  
m o t o r  coo rd ina t ion  was  o b s e r v e d  for  m o r p h m e ,  f en tany l  or  
s u f e n t a n d  w h e n  the  an imals  r ece ived  the  opia tes  a lone  
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H o w e v e r ,  when  a subthreshold  dose of  d ropendo l  (0 5 
mg/kg) was c o m b m e d  w~th the opmtes,  motor  lncoordlnat lon 
was observed  w~th morphine ,  fentanyl  and sufentanll (Table 
1) The  data  for the h~ghest dose  o f  opiate  alone and in com- 
binat ion with d ropendo l  expressed  as percent  of  sahne con- 
trol are presented  m F~g 1 Groups  which rece ived  the 
opmte  and droper ldol  combinat ion  t rea tment  showed s~gnlfi- 
cant  moto r  mcoordmat lon  as compared  to the respec t ive  
opiate t reated groups (/9<0 05) Catalepsy was not observed  
m animals t rea ted w~th (1) droper ldol  alone (2) opmtes  alone 
or  (3) the combina t ion  of  d ropendo l  (0 5 mg/kg) w~th analge- 
sic doses  o f  opmtes.  

The  results indicate that mu receptor  agonlsts  m analgesic 
doses  do not  inhibit motor  coordinat ion  m mice trained for 
the tes tmg procedure .  H o w e v e r ,  the c o m b m a a o n  of  a sub- 
threshold dose o f  d ropendoi  with mu-op~o~d agomsts  induces 
motor  mcoordmat lon  m m~ce in the rotarod test 

DISCUSSION 

In general ,  central  nervous  sys tem depressants  reduce  
whde sUmulants enhance  the rotarod per formance  of  m~ce 
[15] Behawora l  effects  of  op~o~ds are known to be species 
dependent  [2]. Opiate  induced changes m motor  actw~ty of  
rats and mice have been  often repor ted  using acUwty cages 
[6, 14, 21]. Only recent ly ,  the ro tarod test  has been used to 
assess the specific roles of  the opiate receptor  sub-types in 
medmtlng the sedaUve effects o f  opiates [8, 9, 11] In m~ce 
and rats which are not  trained prior  to test ing on the rotarod,  
mu as well  as kappa  agomsts  have  been  shown to decrease  
la tency [8,9] H o w e v e r ,  tt ~s ~mportant to emphasize  that 
morphine  reduced changes m motor  act ivi ty  cannot  be ob- 
served m m~ce which are p re -exposed  to the test  enwron-  

ment  [19] In rats trained on an accelerat ing rotarod,  only 
kappa (ke tocyc lazocme)  but nei ther  mu (morphine) nor  
sigma (SKF-10,047) agomsts  affected the rotarod perform- 
ance [11] The results of  the present  s tudy with a rotarod of  
fixed rotat ions and trained mice indicate that mu agomsts  m 
the analgesic doses  do not inhibit motor  coordinat ion.  

F e w  laborator ies  have repor ted  the behawora l  interact ion 
of  droperldol  w~th opmtes  In what  appears  to be a single 
report  to date, based on a subject ive assessment ,  droper ldol  
was repor ted  not to augment  central  nervous  system de- 
pression reduced by fentanyl in mice [24] Howeve r ,  our  
results,  using an object ive  assessment  o f  the interact ion,  
indicate that opmte-dropendol  combinat ion affects motor  
coordinat ion 

Variable motor  response  to oplolds in m~ce has been ex- 
plained as being likely due to (1) optate receptor  sub-types,  
mu and s~gma receptors  st~mulatmg while kappa receptors  
depressmg motor  act ivi ty  (2) distract dopammerglc  mech-  
amsms mediating mu, sigma and kappa opiate effects [7,12] 
Hence ,  droperldol  reduced blockade of  dopamlnerglc  sites 
could be considered as the mechamsm of  the observed  inter- 
action be tween  d ropendo l  and opiates Droperldol  is also 
known to potentmte  the analgesic effect  of  fentanyl and 
sufentand but not  of  morphine  [20,24] Such quahtat lve 
differences be tween  mu agonlsts was not observed  m the 
present  results on motor  coordinat ion The d ichotomy with 
reference to the analgesic versus sedat ive effects of  the mu 
agonlsts has been explained on the basis of  involvement  of  
different receptors  [3,9] Accordmgly ,  the dispari ty m the 
results on the motor  coordinat ion versus  analgesic effects 
suggests the posslbthty that  the s~te and/or  the mechanisms  
medmtmg the interact ion are not  the same for analgesic and 
sedat ive effects 
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