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SHIZGAL, P., L. S. SKLAR, Z. W. BROWN AND Z. AMIT. Differential motor effects of intraventricular infusion of 
morphine and etonitazene. PHARMAC. BIOCHEM. BEHAV. 6(1) 17-20,  1977. - The motor effects produced by 
intraventricular infusions of morphine were compared to the effects of etonitazene. Despite the similarity in the peripheral 
actions of these drugs, motor effects of central infusions differed dramatically. Intraventricular morphine infusions resulted 
in explosive motor behavior whereas etonitazene produced extreme muscular rigidity. The periaqueductal grey (PAG) has 
been proposed as the substrate of morphine-induced explosive motor behavior. However, considerations of the dose of 
morphine and the mobility of this drug in tissue suggest that sites other than the PAG may also be involved in explosive 
motor behavior. 
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DESPITE the  fact  tha t  m o r p h i n e  appears  to be re in forc ing  
b o t h  w h e n  admin i s t e r ed  in t r avenous ly  and  intra-  
vent r icu lar ly ,  o t h e r  ef fec ts  of  the  drug appear  to d e p e n d  
s t rongly  on  w h e t h e r  it is in jec ted  in to  the  b ra in  or the  
per iphery .  One such effect ,  v io len t ly  exaggera ted  m o t o r  
act ivi ty ,  has  been  ob t a ined  f rom cent ra l ly  admin i s t e red  
m o r p h i n e  [2, 3, 6, 7, 8 ] .  In the  p resen t  s t udy  we repor t  a 
compar i son  of the  m o t o r  effects  p roduced  by  intra-  
vent r icular ly  in jec ted  m o r p h i n e  and  e t on i t a zene ,  a power fu l  
analgesic opioid.  Despi te  the  close s imilar i ty  of  the  anal- 
gesic, re inforc ing,  and d e p e n d e n c e  induc ing  proper t i es  of  
these c o m p o u n d s  [ 9 ] ,  we d e m o n s t r a t e  in this  paper  t ha t  
the m o t o r  effects  of  cen t ra l  in jec t ions  d i f fer  dramat ica l ly .  
In order  to  e n h a n c e  a c o m p a r i s o n  of  ou r  results  to those  
ob ta ined  by  o the r  au tho r s  f rom in te rs t i t i a l  in fus ions  [2,  3, 
6] and  in order  to  es t imate  the  spread of  the  drug 
m e t h y l e n e  blue was infused i n to  the  ventr ic les  of  several 
naive con t ro l  animals  pr ior  to  pe r fus ion  and  bra in  removal .  
Histological  analysis  p rov ided  a c rude  index  of  the  dis- 
t r i bu t ion  in CSF of  c o m p o u n d s  admin i s t e r ed  u n d e r  the  
cond i t ions  of  our  e x p e r i m e n t .  

METHOD 

Male, Wistar rats (Canad ian  Breeding Fa rms)  weighing 
2 0 0 - 2 5 0  g at  the  t ime  of  surgery were used. A stainless 
steel guide cannulae  (22 ga, Plastic P r o d u c t s )  were s tereo-  
taxical ly  a imed  at the  lef t  la teral  ventr ic le .  A Harvard 
in fus ion  p u m p  was c o n n e c t e d  to the  in jec t ion  cannu la  by 
f lexible PE tubing.  A wa te r t igh t  fluid swivel [1] p e r m i t t e d  
the  animals  to  tu rn  freely w i t h o u t  twis t ing  the  tubing.  

Small doses of  m o r p h i n e  were repea ted ly  in jec ted  in to  
the ventr ic les  at  regular  intervals .  The series of  infus ions  
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was c o n t i n u e d  un t i l  an explosive m o t o r  episode  was 
observed or un t i l  the  animal  became  s tupe rous  to the  po in t  
of  be ing  unab le  to  m a i n t a i n  an upr igh t  pos ture .  This 
p rocedure  y ie lded an es t imate  of  a dose th resho ld  for  the  
m o t o r  effect .  E ton i t a zene  was admin i s t e red  in a s imilar  
m a n n e r  wi th  the  appropr i a t e  ad ju s tmen t s  in dose as n o t e d  
below.  

Morph ine  su lpha te  was used t h r o u g h o u t  this  s t udy  and 
all so lu t ion  c o n c e n t r a t i o n s  were expressed as the  salt of  the  
drug. 

Infus ions  of a 2% w/v of  m o r p h i n e / R i n g e r ' s  so lu t ion  
were del ivered at 2 min  intervals.  The vo lume of  the  first 
in fus ion  was 4 ul (80 ug of m o r p h i n e )  while  in s u b s e q u e n t  
infus ions ,  the  vo lume was halved (40 ~g of  m o r p h i n e  in 2 
M). If  ne i t he r  explosive m o t o r  behav io r  nor  s tupor  were 
observed by  the  t ime  the  cumula t ive  dose app roached  500 
ug, t hen  the  in jec t ion  vo lume was increased to at least 4 ul 
(80 ug) and to as m u c h  as 10 ~1 (200  ug). All in fus ions  were 
delivered while the  rats were free to  move  a b o u t  a s t anda rd  
ope ran t  c h a m b e r  (Ra lph  Gerb rands  Inc.).  Some add i t iona l  
behaviora l  observa t ions  were t aken  in a large open  field. 

E ton i t a zene  was admin i s t e red  in a c o n c e n t r a t i o n  of  
0.02% (w/v).  The p o t e n c y  of  this  c o m p o u n d  which  when  
in jec ted  per iphera l ly ,  exceeds  t ha t  at m o r p h i n e  by  several 
orders  of  magn i tude  [9] was e s t ima ted  f rom b o t h  its 
analgesic p roper t i es  and  d e p e n d e n c e  liabili ty.  Using this  
re la t ionship  as a rough guide, we chose doses of  e t on i t a zene  
to equal  1% of  the  m o r p h i n e  doses. The vo lume of  the  first 
infus ion  of  e t on i t a zene  was 4 ul (0.8 ~g). The vo lume of  
the second t h r o u g h  the  s ixth  infus ions  was 2 #1 (0.4 ug) and 
the vo!ume of the  seven th  t h r o u g h  f o u r t e e n t h  infus ions  was 
4 ul (0.8 ug). All in fus ions  were delivered at a rate of  0.3 
M/sec and  spaced at 2.0 min  intervals.  
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Fol lowing  t e r m i n a t i o n  of  the  m o r p h i n e  tes t  session, the  
surviving an imals  were sacrif iced wi th  an overdose  of  e ther .  
These animals  were per fused  in t racard ia l ly  wi th  physio-  
logical saline fol lowed by 10% Forma l in .  The brains  were 
removed ,  f rozen,  and  sec t ioned  at a th ickness  of  40 #. The 
rats tha t  received e t o n i t a z e n e  were r e t e s t ed  wi th  m o r p h i n e  
before  sacrifice. 

Eight  add i t iona l  animals  received in fus ions  of  5% or 10% 
solu t ions  of  m e t h y l e n e  blue.  These animals  were yoked  to 
rats receiving m o r p h i n e  in fus ions  i.e. a given animal  in the  
m e t h y l e n e  blue group  received the  same n u m b e r  and  
vo lume of  in fus ions  as a given an imal  in the  m o r p h i n e  
group.  As soon  as explosive m o t o r  behav io r  was man i fe s t ed  
by the  animals  receiving m o r p h i n e ,  the  yoked  animals  
(receiving m e t h y l e n e  blue)  were sacrif iced by  cervical 
d is locat ion.  The brains  were r em oved  and fixed in 10% 
Forma l in  saline. 

Analysis  of the  bra in  sec t ions  ind ica ted  t ha t  the  
cannulae  in all an imals  p e n e t r a t e d  in to  the  lateral  ventr icle .  
E x a m i n a t i o n  of  the  bra ins  f rom the  animals  tha t  received 
m e t h y l e n e  blue in fus ions  showed  a l e f t - r i g h t  a s s y m m e t r y  
in the  fo rebra in  d i s t r ibu t ion  of  the  dye which  was m u c h  
more  c o n c e n t r a t e d  on  the  side of  the  infus ion.  The walls of  
the fou r th  ventr ic le ,  a q u e d u c t  of  Sylvius, th i rd  ventr ic le ,  
and left  lateral  vent r ic le  were all heavi ly s ta ined ,  the  
presence of  the  dye was observed  as far as the  cent ra l  canal  
of the  spinal  cord.  However ,  l i t t le  p e n e t r a t i o n  occur red  in to  
tissue. Figure 1 shows three  represen ta t ive  sect ions  f rom 
one brain.  

RESULTS 

Explosive  m o t o r  behav io r  was seen in 7 of 9 animals  
receiving m o r p h i n e  infus ions .  The animals  general ly  became  
qui te  still fo l lowing the  first few infus ions .  The fu l l -b lown 
s y n d r o m e  was wi tnessed a f te r  add i t iona l  infus ions .  In the  
small  ope ran t  c h a m b e r ,  this  s y n d r o m e  appeared  as v io len t  
twis t ing  and  j u m p i n g  m o v e m e n t s  t ha t  occur red  wi th  such 
speed and  power  t ha t  the  m o t i o n  of  indiv idual  l imbs  could  
no t  be clearly discerned.  The rats c rashed in to  the  walls and  
ceiling of  the  chamber .  

In the  open  field, the  cha rac te r  of  the  explosive m o t o r  
behavior  appea red  to be s o m e w h a t  d i f ferent .  Vigorous  
runn ing  m o v e m e n t s  were observed  ins tead  of  the  leaping 
seen in the  small  box .  (We use the  t e rm r unn i ng  m o v e m e n t s  
because c o o r d i n a t i o n  was somet imes  p o o r  and  at t imes  
rapid s tepping  m o v e m e n t s  occur red  while the  belly was still 
in con t ac t  wi th  the  subs t ra te . )  When the  r u n n i n g  move-  
men t s  did resul t  in fo rward  progress ion,  they fo l lowed a 
circular  course.  The rats did no t  circle cons i s t en t ly  t oward  
one side or the  o ther .  R u n n i n g  was somet imes  accompan ied  
by twis t ing  of  the  b o d y  causing the  an imal  to roll over. In 
one case a fu l l -b lown tonic-c lonic  seizure was observed.  

The episodes  of  explosive m o t o r  act ivi ty  somet imes  
appeared  to occur  s p o n t a n e o u s l y  bu t  could  also be elicited 
by shak ing  keys or f lashing a br ight  light.  These per iods  of  
v iolent  ac t iv i ty  were in te r spersed  wi th  per iods  of  qui- 
escence dur ing  which  t ime  l abou red  b r ea th ing  and vocal- 
iza t ions  could be heard.  A per iod  of  i m m o b i l i t y  and  
depress ion  usual ly  fo l lowed the  explosive m o t o r  behavior .  
The r ema in ing  an imals  d e m o n s t r a t e d  explosive m o t o r  ac- 
t ivity fo l lowing to ta l  doses of  1 6 0 - 3 8 5  #g of  m o r p h i n e .  
Two animals  failed to show this  ef fec t  even af ter  in fus ion  
of 1000 #g of  morph ine .  These animals  became  s teadi ly  
more  s tuperous .  

aye 

dye 

FIG. 1. Three sections from the brain of a representative animal that 
received intraventricular infusions of methylene blue. Top: anterior 
to the cannula plane. Middle: just posterior to the cannula plane. 

Bottom: more posterior to the cannula plane. 



MOTOR EFFECTS OF MORPHINE AND ETONITAZENE 19 

Three animals received infusion of etonitazene 10 days 
prior to the morphine infusions. The effects of this opioid 
were in sharp contrast to the effects of morphine. All three 
rats became increasingly rigid as additional doses of 
etonitazene were delivered. The degree of stiffness after a 
total dose of 9.2 ug was remarkable. The tail was held 
almost straight out from the body. The back was so rigid 
that the animals could be balanced on a small bottle with 
almost no drooping of fore or hind-quarters. No spon- 
taneous or reflex movements were observed. Despite the 
severity of these symptoms, recovery was extremely rapid. 
Within approximately 30 min of maximal stiffness, the 
animals appeared grossly normal. These results have since 
been replicated in 5 additional animals. Ten days after the 
etonitazene infusions, all three animals manifested ex- 
plosive motor behavior in response to intraventricular 
infusions of morphine. 

DISCUSSION 

The explosive motor behavior observed in this study is a 
most striking, phenomenon especially in the light of the 
generally depressant properties of peripherally administered 
morphine. In an unpublished study that involved mea- 
surement of the LD 50 of intraperitoneally injected mor- 
phine, two of the present authors had the opportunity to 
observe the motor behavior of rats receiving high, periph- 
erally administered doses of the drug. Although they 
observed occasional abrupt movements in response to 
auditory stimuli, no prolonged motor excitation was seen in 
any of the animals in the present experiment. In contrast, 
explosive motor behavior in the present experiment was 
exhibited by 7 of the 9 animals that received intra- 
ventricular infusions of morphine. Jacquet and Lajtha [4] 
also failed to observe explosive motor behavior in rats 
receiving high doses of morphine IP. 

Reports of other experiments involving intraventricular 
administration of morphine are consistent with our 
findings. Tanaka and Kadowaki [8] observed restlessness, 
motor excitement and convulsions in the rabbit while Stern 
and Gauthier [7] reported motor agitation and convulsions 
following injection of morphine under the dura or into the 
fourth or lateral ventricles of rabbits. Explosive motor 
behavior has also been produced by interstitial micro- 
injections of morphine into the periaqueductal grey (PAG) 
[2, 3, 6]. The proximity of this structure to the ventricular 
system suggests that the effects of intraventricularly ad- 
ministered morphine may be due to the action of the drug 
on the PAG. As Fig. i shows, methylene blue, can reach 
this site after infusion into the lateral ventricles according 
to a dose schedule that produced explosive motor behavior 
in response to morphine. 

However, there is at least one reason for suspecting that 
structures other than or in addition to the PAG may be 
involved. Pert and Yaksh [5], reported on the basis of 

tracer studies, that "less than 10% of an injected dose of 
morphine sulfate (40 u g ) . . ,  reaches the ventricular system 
during the first 2 hr following an injection approximately 
1-1.5 mm from the ventricular wall". Jacquet and Lajtha 
[4] reported similar results from a study of the diffusion of 
morphine in the PAG. We know of no reason to assume 
that the mobility of morphine from the ventricles to the 
PAG should differ from its mobility in the opposite 
direction. Given that our morphine infusions were diluted 
by the volume of the CSF and that the PAG is some 
distance from the site of injection, this low rate of mobility 
suggests that only very small amounts of morphine pen- 
etrated the PAG following our infusions. On the basis of 
this inference, we suspect that structures other than the 
PAG may have been responsible for the effects we 
observed. Perhaps explosive motor behavior may be pro- 
duced by morphine action at more than one brain site. 

The explosive motor behavior produced by morphine 
appears to be all the more paradoxical in the light of the 
results obtained with intraventricular infusions of etoni- 
tazene, a drug that so closely resembles morphine in many 
of its actions. Rats previously made dependent on mor- 
phine will drink more etonitazene than nondependent 
animals [9]. Intake of etonitazene during withdrawal from 
morphine suppressed withdrawal symptoms while a 
morphine-like abstinence syndrome could be demonstrated 
after rats were pretreated with etonitazene injections. These 
injections produced an intoxication similar to that observed 
following administration of morphine [9]. Given this 
evidence of pharmacological similarity, it is surprising that 
there is such a striking difference in the motor effects 
produced by intraventricular administration of morphine 
and etonitazene. This difference cannot be due to cannula 
placement. All three animals that showed profound stiff- 
ness in response to etonitazene subsequently manifested 
explosive motor behavior following intraventricular ad- 
ministration of morphine. It is possible that the differential 
effects of these two drugs may be related to differences in 
lipid solubility and consequent different distribution in 
neural tissue. This stiffness may resemble Jacquet and 
Lajtha's [3] report of catatonia produced by peripherally 
administered levorphanol and etorphine (both compounds 
are also analgesic opioids) and intracerebral etorphine. 
Paradoxically, these investigators also found that naloxone 
blocked both the explosive motor behavior following 
morphine and the stiffness following levorphanol and 
etorphine! We cannot, at present, account for all of these 
findings but are actively investigating the relation of the 
motor effects produced by etonitazene and morphine. 
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