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SCHNUR, P , F BRAVO, M TRUJILLO AND S ROCHA Blpha~t~ effects ofmorphme on locomotor atttvttx an 
hamsters PHARMACOL BIOCHEM BEHAV 18(3) 357-361, 1983--Two experiments investigated the dose and time 
related effects of morphine sulfate on the running wheel acttvlty of golden Syrian hamsters Compared with sahne controls, 
a low dose (5 mg/kg) increased locomotor activity, whereas high doses (10, 20 and 40 mg/kg) produced an mltml dose- 
related depression m activity, a gradual dose-related recovery and finally a period of hyperactlwty The results are 
d~scussed m terms of slmdar blphaslc effects of morphine observed in rats 

Hamsters Morphine Opmtes Locomotor activity 

THE behavioral effects of  morphine appear to be dose and 
species related Stimulant or depressant actions depend 
upon the dose administered and the species tested For 
example, m humans and monkeys, morphine produces seda- 
tion or behaworal depression [9], whereas in cats and mice, 
behavioral stimulation is the rule [5, 10, 12] In rats, both 
stimulant and depressant effects have been observed [1,2, 6, 
7], depending upon the dose and the time since drug adminis- 
tration At low doses of morphine sulfate (5 mg/kg or less), 
rats become hyperactive, but at higher doses (10 mg/kg or 
more), an mltml period of  behavioral depression precedes 
the hyperactlwty [1, 2, 6, 7] As noted by Domino et al [7], 
the blphaslc pattern of  effects observed in rats suggests the 
possibdity that " morphine may have both depressant 
and excitatory effects in all species and the reason de- 
pression or stimulation Is not observed may be due to varia- 
tions m dose and time after admlmstratlon" (p 362) The 
plauslbdlty of  this suggestion would be strengthened by 
demonstrations of blphaslc morphine effects in species other 
than rats The present work was designed to investigate the 
dose and time related effects of morphine in the golden Sy- 
rian hamster 

According to a number of sources [4, 8, 15], the hamster 
is umquely unresponsive to the sedative effects of  morphine 
For example, in an authoritative summary of information 
about the hamster 's  response to chemicals, Wills [15] con- 
cluded that compared with other speoes ,  the hamster Is re- 
sistant to the sedative/hypnotic effects of morphine Simi- 
larly, Houchin [8] reported that morphine had no noticeable 
effects even at doses of 150 mg/kg and that at 300 mg/kg it 
produced " some lncoordinatIon in the extremities, in- 
creased actlwty " (p 339) According to Houchin, this 
lack of  responsiveness was evident regardless of route of 
administration, sex, body weight, or age In a recent study, 
Tseng et al [13] compared the behavioral effects of oplold 
peptldes with morphine sulfate in rats and hamsters The 
principal difference between the peptldes and morphine was 

found among hamsters beta-endorphm and enkephahn both 
reduced loss of  the righting reflex, whereas morphine sulfate. 
even in high doses, did not 

In marked contrast to these findings, Ostrowskl et a! [11] 
reported that hamsters are not insensitive to the effects of 
morphine Ostrowskl et al [11] tested the effects of four 
doses of morphme sulfate (10, 20, 40 or 80 mg/kg) on explora- 
tory activity (distance travelled in a C-shaped alley) and on 
general motor activity (number of shuttles in a shuttle box) 
Compared with saline controls, dose related lmpmrments of 
behavior were found on both measures, though the Impair- 
ments produced by the two lowest doses were small and 
unrehable Moreover,  there was no evidence m this study of 
the dose and time related blphas~c pattern of  effects ob- 
served In rats Perhaps this is not surprising since morphine 
effects were studied for only two minutes and doses less than 
l0 mg/kg were not included In rats, stimulant effects are 
evident at doses less than 10 mg/kg and the time related 
stimulant/depressant pattern obtains over the course of sev- 
eral hours In hght of these considerations, the present study 
included a 5 mg/kg dose and monitored the behavioral effects 
of morphine for several hours 

EXPERIMENT I 

Monitonng the behavioral effects of  any drug for several 
hours reqmres a stable basehne Pilot observations m our 
laboratory indicated that running wheel activity would pro- 
vide a reasonably stable baseline against which to assess the 
dose and time related effects of morphine m the hamster 
Further, our pdot work indicated that the baseline could be 
maintained without the use of deprivation schedules or 
nociceptive st~mulL an important consideration when testing 
the effects of a potent analgesic and anorectlc drug such as 
morphine The first experiment investigated the effects of 
four doses of  morphine on hamster running wheel activity for 
two hours 
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M E T H O D  

Suble~ ta 

Forty adult golden Syrian hamsters (19 males, 21 
females), with a mean weight of 101 g, were used Thirty- 
three animals were obtained from SASCO, Inc (Omaha, 
NE), seven were offspnng of SASCO hamsters born in our 
lab Animals were housed individually in stainless steel 
cages, mamtmned on a 12-hour light-dark cycle, and gwen 
free access to food and water throughout the expenment 
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The apparatus consisted of eight identical activity wheels 
(Wahmann Co , Model LC-34) which were housed in a room 
dimly illuminated by two 15 watt bulbs An ambient noise 
level of 79 dB (re 0 0002 dynes/cm z, A scale) was main- 
tamed 

Morphine injections consisted of 5, 10, 20 or 40 mg/kg 
doses of morphine sulfate, expressed as the salt, dissolved in 
1 ml of physiological saline Morphine as well as saline re- 

jections were administered subcutaneously in the dorsal sur- 
face of the neck in i ml/kg volumes 

Pro~ edure 

Expenmental procedures were conducted over the course 
of ! 1 days On the first three days, each animal was weighed, 
injected with saline and placed in the running wheel for a two 
hour baseline session The number of wheel revolutions was 
recorded every 20 minutes for each ammal The baseline 
sessions served to accustom the animals to the running 
wheel and to the handhng/mjection procedures In addition, 
baseline data were used to assign hamsters to two equal 
sized "b locks"  Those with running rates above the median 
baseline for all animals (high responders) and those with 
running rates below the median baseline for all animals (low 
responders) Animals within each block were randomly as- 
signed to experimental groups so that the mean baseline 
running rates were approximately equal across drug treat- 
ment conditions Five treatment groups (n=8) were in- 
cluded Group Sal (saline controls), Group MS-5 (5 mg/kg 
morphine sulfate), Group MS-10 (10 mg/kg morphine sul- 
fate), Group MS-20 (20 mg/kg morphine sulfate) and Group 
MS-40 (40 mg/kg morphine sulfate) 

Following a two day respite during which animals were 
left undisturbed in their home cages, eight consecutive days 
of testing were carried out On test days, each animal was 
weighed, injected with saline or the appropriate dose of mor- 
phine, and placed in the running wheel for a two hour ses- 
sion The number of wheel revolutions was recorded every 
20 minutes for each animal 

R E S U L T S  A N D  D I S C U S S I O N  

Figure 1 shows mean acUwty (number of wheel revolu- 
tions) across days for all groups A blphaslc dose-effect rela- 
tionship is evident Compared with saline controls, Group 
MS-5 was hyperactive and Group MS-40 was hypoactwe A 
similar though less consistent pattern is seen at intermediate 
doses with Group MS-10 hyperactive and Group MS-20 
hypoactlve compared with Group Sal Moreover, the differ- 
ences among groups were relatively stable throughout the 
experiment That is, though all groups showed an increase in 
activity across days, stimulant and depressant effects were 
manifested on the first day and then maintained for the dura- 
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FIG 1 Mean acnvlty (number of wheel revolutions) as a function of 
days for all groups m Experiment 1 

tion of the experiment Furthermore, under the schedules of 
administration used here, little tolerance developed to the 
effects of morphine Although Group MS-40 did show an 
increase in activity as a function of days. ~t was relatively 
small compared with a similar increase m Group Sal And, 
Group MS-5 showed increased hyperactwlty over days, a 
pattern akin to sensitization These conclusions are corrobo- 
rated by a 5 (Dose) × 8 (Days) randomized blocks mixed 
factorial analysis of variance (ANOVA) which Indicated that 
the effect of dose was significant, F(4,34)=6 91, p < 0  005, 
that the increase across days was significant, F(7,245)=5 53, 
p < 0  005, but that the Dose x Days interaction was not sig- 
nificant, F(28,245)= 1 09 

Figure 2 shows the time effect relation for all groups 
Mean activity (collapsed across days) is shown for the two 
hours following drug administration It is clear that mor- 
phine's time effect curve vanes as a function of dose Com- 
pared with Group Sal Group MS-5 showed increased activ- 
ity for the entire two hour dally session Groups MS-10 
MS-20 and MS-40 were all initially depressed compared with 
saline controls and the magmtude of that depression was a 
direct function of dose Furthermore, Groups MS-10, MS-20 
and MS-40 showed increased actwlty over the course of the 
two hour session and the rate of that increase was inversely 
related to dose Indeed, compared with Group Sal Groups 
MS-10 and MS-20 were hyperactive for some portion of the 
session Group MS-40 remained depressed for the duration 
of the daily session These conclusions are corroborated by a 
5 (Dose) × 6 (Time) randomized blocks mixed factorial 
ANOVA which indicated that the effect of dose was signifi- 
cant, F(4,34)=6 91, p < 0  005, that the increase during the 
session was significant, F(5,175)=30 94, p < 0  005, and that 
the interaction between dose and session time was also sig- 
nificant, F(20,175)=3 97, p < 0  005 
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20-minute blocks of ume for all groups in Experiment 1 
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days for all groups m Experiment 2 

The results of this experiment indicate that morptune has 
blphaslc effects on running wheel activity in the hamster, a 
pattern similar to that found in rats [1,6, 7] As In the rat, low 
doses are excitatory and high doses are Inhibitory, at least 
over the course of a two hour session At intermediate doses 
(e g , 10 and 20 mg/kg), an initial period of behavioral de- 
pression gives way to subsequent hyperactivity Moreover, 
the depth and duration of the initial depression are dose- 
related Although a period of hyperactivity following a dose 
of 40 mg/kg was not evident in the present study, the m- 
crease in activity shown by Group MS-40 during the two 
hour session suggests that hyperactivity might be evident if 
session duration were lengthened 

EXPERIMENT 2 

The purpose of Experiment 2 was to investigate the time 
effect relation for three doses of morphine found to have 
initially depressant effects m the first expenment In particu- 
lar, Experiment 2 was designed to determine whether a dose 
of 40 mg/kg would produce hyperactivity in hamsters follow- 
mg an initial period of depressed activity In rats, Babbml 
and Davis [1] monitored activity for eight hours post- 
injection and found a blphaslc pattern using 40 mg/kg doses 
of morphine Similarly, Domino et al [6,7] monitored activ- 
ity in rats for seven hours and observed a blphaslc pattern 
using a 32 mg/kg dose The present experiment monitored 
hamsters" running wheel actwlty for six hours following the 
injection of morphine sulfate at doses of  10, 20 and 40 mg/kg 

M E T H O D  

Subje~ ts 

Twenty-four adult golden Syrian hamsters (9 males, 15 

females), with a mean weight of 102 g, were used Thirteen 
animals were obtained from SASCO, Inc (Omaha, NE), 
eleven were offspring of  SASCO hamsters born in our lab 
Animals were housed individually in stainless steel cages, 
maintained on a 12-hour hght-dark cycle, and given free ac- 
cess to food and water throughout the experiment 

Apparatus and Materials 

The apparatus was the same as that used in Experiment I 
Morphine injections consisted of 10, 20 or 40 mg/kg doses of 
morphine sulfate, expressed as the salt, dissolved In l ml of 
physiological sahne Morphine as well as sahne injections 
were administered subcutaneously in the dorsal surface of 
the neck in 1 ml/kg volumes 

Procedure 

Expenmental  procedures were identical to those of Ex- 
periment 1 except that dally sessions (basehne and test) were 
six hours in duration and only four treatment groups (n=6) 
were included Group Sal (sahne controls), Group MS-10 (10 
mg/kg morphine sulfate). Group MS-20 (20 mg/kg morphine 
sulfate) and Group MS-40 (40 mg/kg morphine sulfate) 

R E S U L T S  A N D  D I S C U S S I O N  

Figure 3 shows mean activity (number of wheel revolu- 
tions) across days for all groups It is evident that all groups 
showed an increase in activity as a function of days and that 
differences among groups in dally running were relatively 
small It should be noted that daily sessions lasted six hours 
in this expenment and, as will become apparent below, total 
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FIG 4 Mean actlwty (number of wheel revolutions) as a function of 
20-minute blocks of time for all groups m Experiment 2 

daily act ivi ty provides  an incomple te  pic ture  of  morph ine  s 
effects  ove r  t ime As in E x p e r i m e n t  1 little to le rance  devel-  
oped  to the  effects  of  morph ine ,  the increase  in act ivi ty 
among  groups  g iven  morph ine  be ing  no different  f rom the  
increase  in G r o u p  Sal These  conc lus ions  are subs tan t i a t ed  
by a 4 (Dose)  x 8 (Days)  r a n d o m i z e d  b locks  mixed factorial  
A N O V A  which  indica ted  that  the act ivi ty  increase  ove r  days  
was signif icant ,  F(7 ,140)=14 12, p < 0  005, but  tha t  ne i the r  
the effect  of  dose ,  F(3 ,19)=0  38, nor  the in te rac t ion  be tween  
dose  and  days ,  F(21,140)=0 80, was significant  

Figure 4 shows  the t ime effect  re la t ion for all g roups  
Mean  act ivi ty (col lapsed across  days)  is shown  for  the six 
hours  fol lowing drug admin i s t r a t ion  As in Expe r imen t  1, it 
is c lear  tha t  m o r p h i n e ' s  t ime effect  cu rve  var ies  as a funct ion  
of  dose  F u r t h e r m o r e ,  a b lphas lc  pa t t e rn  is ev iden t  at all 
doses  C o m p a r e d  with G r o u p  Sal, Groups  MS- 10 MS-20 and 
MS-40 s h o w e d  an  initial dose- re la ted  dec rease  m act ivi ty  
This  f inding repl icates  the  resul ts  of  Expe r imen t  I for the  
groups  rece iv ing  the  same doses  of  morph ine  In fact ,  if one  
examines  m o r p h i n e ' s  effects  for only the first two hours  of  
E x p e r i m e n t  2, the  f indings of  the  first expe r imen t  are rep- 
hca ted  very  closely In Groups  MS-10, MS-20 and MS-40 
W h e n  m o r p h i n e ' s  effects  for six hours  are cons idered ,  the  
hyperac t ive  por t ion  of  the b iphas ic  pa t t e rn  is o b s e r v e d  at all 
doses  tes ted  Tha t  is, c o m p a r e d  with saline cont ro l s ,  all 
morph ine  groups  b e c a m e  hype rac t ive  for  some por t ion  of  the  
sess ion  As  in E x p e r i m e n t  1, the  dura t ion  of  the  lnltlal de- 
press ion  was direct ly  re la ted to morph ine  dose  Af ter  ap- 
p rox imate ly  th ree  hours ,  G r o u p  MS-40 was h y p e r a c t w e  
c o m p a r e d  with sahne  cont ro l s  

A 4 (Dose)  x 18 (Time) r a n d o m i z e d  b locks  mixed facto-  
rlal A N O V A  indicated  tha t  the effect  of  dose  was significant  

F(3 19)=3 1 9 , p < 0  05, as was the  change  in ac twl ty  ove r  the  
six hour  sess ion,  F(17,340)=5 36, p < 0  005 H o w e v e r ,  the 
Dose  ,~ Time in te rac t ion  was not  s ignif icant ,  F (51 ,340) -  
1 09 This  nons ign i f ican t  in terac t ion  is par t ly  a t t r ibu tab le  to 
the stabil i ty of  drug effects  for  the  last  ha l f  of  the six hour  
expe r imen ta l  sess ion  (see Fig 4) If one ana lyzes  mean  ac- 
twl ty  for  the  first four  hours  pos t - in jec t ion ,  a significant  
Dose x Time in te rac t ion  is revea led ,  F(33,220)=2 95 
p < 0  005 

The  resul ts  of  this e x p e r i m e n t  conf i rm and ex tend  the 
f indings of  Expe r imen t  1 As m E x p e r i m e n t  I morph ine  at 
doses  of  10 and 20 mg/kg first dec reased  then  increased  
h a m s t e r  runn ing  c o m p a r e d  with saline cont ro l s  a b lphaslc  
pa t t e rn  c o m m o n  at least  m rats  [1 6, 7] And,  as suggested 
by the  first expe r imen t ,  a 40 mg/kg dose  of  morph ine  was 
shoran m Expe r imen t  2 to p roduce  b lphas lc  effects  on ac tw-  
lty the hyperac t iv i ty  occur r ing  th ree  hours  post-reJect ion 
and fol lowing a dramat ic  period of behaviora l  dep res s ion  

G E N E R A L  D I S C U S S I O N  

The  presen t  s tudy leaves  little doub t  that  the h a m s t e r ' s  
behav io ra l  r e sponse  to morph ine  is str ikingly similar  to the 
b lphas lc  pa t t e rn  d o c u m e n t e d  m rats At low doses  (e g 
mg/kg or less) sus ta ined  hyperac t iv i ty  fol lows the in ject ion 
at h igher  doses  (e g , 10mg/kg or  more)  an immedia te  dose-  
related dec rease  m act ivi ty is fol lowed by a gradual ,  dose-  
related r ecove ry  and s u b s e q u e n t  hyperac t iv i ty  The  fadure  
of  o the r  inves t iga tors  to o b s e r v e  these  effects  m hams te r s  is 
p re sumab ly  due to the use of  msens l twe  behaviora l  meas-  
ures and /or  to a pauci ty  of  t ime effect da ta  The  p resence  of 
b lphaslc  morph ine  effects  m a species  o the r  than  rats  lends 
c r edence  to the  hypo thes i s  that  m o r p h i n e ' s  effects  may be 
cha rac t e r i zed  by exc i ta to ry  and inhibi tory  phases  m many 
species  For  example  m an appa ren t  excep t ion  to the  typical  
f inding of  morph ine - r educed  ac t iva t ion  m mice Carrol l  and 
Sharp  [3] no ted  a b r ie f  (10-15 minutes)  dec rease  m spon- 
t aneous  act ivi ty  fol lowed by pro longed  ac t iva t ion  The  fact 
tha t  base l ine  rates  of  s p o n t a n e o u s  act ivi ty are typical ly lo~ 
m tes ts  of  mice may c o n m b u t e  to the difficulty m obse rv ing  
dec reases  m activity 

At  the  present  t~me, there  Is no adequa te  exp lana t ion  lor  
the  mixed depres san t  and s t imulant  ac t ions  of  morph ine  
though  a n u m b e r  of  hypo theses  have  been  advanced  One  
hypothes i s  [I] suggests  tha t  dif ferent  d rug- recep tor  in terac-  
t ions  unde rhe  the blphaslc  effects  one  produc ing  behaviora l  
exci ta t ion  the o the r  behav iora l  inhibi t ion A n o t h e r  hypoth-  
es,s [6,7] re lates  bo th  effects  to a ce ty l chohne  (ACh) levels in 
the brain Accord ing  to Domino  et al [7] morph ine  s de- 
p ressan t  effects  are related to a dec rease  m ACh  u td l zanon  
by the brain,  whereas  s u b s e q u e n t  s t imulant  ac t ions  are re- 
lated to an increase  m ACh uti l izat ion Still a n o t h e r  hypoth-  
esis suggests  tha t  only one  m e c h a n i s m  is involved ,  produc-  
ing s t imulant  effects  at low doses  and dep re s san t  effects  at 
high doses  Accord ing  to this hypo thes i s  [14] the late 
s t imulant  ac t ions  obse rved  with h igher  doses  of  morph ine  
could be due to a dec rease  m the brain  level of  drug to a 
concen t r a t i on  equal  to that ach ieved  with a low dose  ini- 
t ia l ly"  (p 856) The  present  da ta  provide  no basis  for choos-  
ing a m o n g  these  a l te rna t ives ,  but we bel ieve that  addi t ional  
r e sea rch  using locomoto r  act ivi ty In the h a m s t e r  will con-  
t r ibute  to ,in unde r s t and ing  of  m o r p h i n e ' s  Nphas t c  effects  

A(_ k N O W L E D G E M E N  I S 
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