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KHAVARI, K. A.,T. C. PETERS, P. L. BAITY AND A. S. WILSON. Voluntary morphine ingestion, morphine dependence, 
and recovery from withdrawal signs. PHARMAC. BIOCHEM. BEHAV. 3(6) 1093-1096, 1975. We are reporting on 
conditions (without forced drinking or premedications) where rats voluntarily drink high quantities of sucrose-morphine 
solutions in preference to water. The volume ingested is inversely related to the morphine concentration in the liquid. The 
morphine antagonist, nalorphine, produced a clear set of opiate withdrawal signs in these (voluntarily) morphine-drinking 
rats. The severity of withdrawal signs was a function of the amount of ingested morphine. The present finding is the first 
report to show that rats ingest high quantities of sucrose-morphine without premedication or forced hydration procedures. 
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IN recent  years, a number  of  procedures  and techniques  
have been developed for invest igation of  opiate self- 
adminis t ra t ion in labora tory  animals. The intravenous [ 1,8] 
and the oral [3, 4, 5, 7] methods  have been employed  
effectively.  Nichols [5] and his colleagues generally 
employed  a premedica t ion  procedure  prior to a two-bot t le  
choice test, i.e., the  animals were injected with morphine  
for a number  of  days and then were given an oppor tun i ty  
to drink ei ther  water  or water  laced with morphine.  
According  to Nichols '  escape model ,  animals premedica ted  
with morphine  drink a morphine  solut ion (which is refused 
by nonmedica ted  animals) in order  to avoid the stress 
p roduced  by wi thholding morphine  injections.  Nichols and 
his associates, employ ing  the premedica t ion  procedure,  
have been able to increase rats'  preference for orally 
consumed morphine  in a two-bot t le  choice si tuation.  
Sto lerman and Kumar  [7] have employed  a hydra t ion  
procedure  which does no t  require premedica t ion  for devel- 
o p m e n t  of  morphine  preference in rats. In their  procedure,  
17 hr  water-deprived rats were given a 7 hr choice test 
be tween water  and a morphine  solut ion (0.5 mg/ml)  on 

Day 1. On Days 2 and 3 the rats were provided with only 
the morphine  solut ion during the 7 hr drinking period. This 
cyclical procedure was cont inued,  generally for some 40 
days. The above investigators observed a gradual occurrence 
of  increased morphine  solut ion ingestion. More recently,  
Khavari and Risner [3] provided rats with a single source of  
liquid (0.5 mg morphine  HC1/ml  of  10 percent  sucrose) 
and observed that rats drink high quanti t ies of  the fluid 
(approximate ly  1 20 ml /day/ ra t )  for many days. 

All procedures described above have been effective in 
bringing about  opiate self-administrat ion by animals. 
However,  they all involve inject ion,  premedicat ion,  or 
forced hydra t ion  methods.  Labora tory  animals, when not  
pretreated,  refuse fluids which contain any significant 
amount  of  morphine  in two-bot t le  choice tests. 

The present s tudy was designed to examine the follow- 
ing points. First. It is c o m m o n  knowledge that rats 
consume high quanti t ies  of sucrose solutions in preference 
to water  [2] .  It is also suspected that the bi t ter  taste of  
morphine  is an impor tan t  factor in rats'  refusal to drink 
appreciable quanti t ies  o f  morphine-water  when the animals 

J Supported in part by the National Institute on Drug Abuse (NIDA) Grant P01DA01080 and NSF Grant P2B0349 to K. A. Khavari. 
:~ Send reprint requests to Khalil A. Khavari, Midwest Institute on Drug Use, Vogel Hall, University of Wisconsin-Milwaukee, Milwaukee WI 

53201. 

1093 



1094 K H A V A R I  ET AL. 

are nei ther  pretreated nor  forced through hydrat ion proce- 
dures [4] .  Therefore,  we wished to examine the effective- 
ness of  sucrose in overriding the aversive taste of  morphine.  
Second. We wished to examine morphine  self-administra- 
t ion under  a free choice condi t ion involving nei ther  
pre t rea tment  nor forced procedures.  Third. We wished to 
determine the morphine  concentra t ion  which would consti- 
tute the optimal  dose for voluntary  drinking of  sucrose 
morphine solution. Fourth.  We set out  to examine the 
parameters of  morphine dependence,  withdrawal  signs, and 
the course of  recovery from withdrawal precipi tated by 
administrat ion of  the opiate antagonist,  nalorphine.  

METHOD 

Animals 

The animals were 60 male Sprague-Dawley rats weighing 
4 0 0 - 4 6 0  g at the start of  the exper iment .  Each rat was 
individually housed in a standard laboratory cage in a 
constant ly  lighted envi ronment  with free access to milled 
Wayne rat food. In addit ion,  each rat was provided with 2 
bottles of  tap water. The animals were assigned randomly 
to 6 equal groups. For  7 days body weight, food intake, 
and drinking from the 2 bott les were recorded daily. We 
found that all animals ingested water  from both  bottles,  
with a slight bias for the bot t le  closer to the food container.  
Therefore,  bott le  positions were rotated daily during the 
next  phase of the exper iment .  

Procedure 

After  this initial 7 day observation the choice phase was 
initiated. Each group of  10 rats was randomly assigned to a 
particular sucrose-morphine solution. One of the 2 bottles,  
for all groups, contained water  while the o ther  bot t le  
contained a sucrose-morphine solution. Morphine contents  
were 0.125, 0.25, 0.5, 1.0, 1.5 and 2.0 mg of morphine  HC1 
in every milliliter of  the 10 percent  sucrose. All 6 groups 
were maintained on this 2 bott le  choice phase for 17 days. 
Measures of  body weight, food intake, and sucrose- 
morphine intake were taken daily. At the end of Day 17 of  
the choice phase, the first 3 groups (morphine  groups 
0.125, 0.25, and 0.5 mg/ml)  were injected IP with 4 mg/kg 
of the morphine  antagonist  nalorphine HCI .  In addition, 
they were no longer provided with their  respective su- 
crose-morphine solutions. During this withdrawal  phase, 
which lasted for 9 days, each rat was given ad lib access to 1 
bot t le  of  water, 1 bot t le  of  I0 percent sucrose (the original 
morphine  vehicle for all groups), and milled food. Again, 
measures of  body weight,  food,  water and sucrose intakes 
were taken daily. During the 17 day free choice phase none 
of the 3 higher morphine  concentra t ion  (1.0, 1.5 and 2.0 
mg/ml)  groups ingested any appreciable quantit ies of  their  
respective sucrose-morphine solutions. Therefore,  the above 
3 groups were dropped from the study. Six rats const i tu ted 
the 0.5 morphine  concentra t ion  groups and 10 animals in 
each of the o ther  2 lower groups. 

RESULTS AND DISCUSSION 

Figure 1 shows the mean daily fluid ingestion for the 3 
groups during 7 days of water  only and 17 days of  
two-bot t le  choice. Mean daily water intake during the 7 
days of  prechoice baseline was about  50 ml for all animals. 
During Day 1 of the choice phase, only the lowest 
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FIG. l. Mean daily water intake of rats from 2 adjacent water 
bottles during baseline (left). Mean daily intake of sucrose-morphine 
and water from 2 adjacent bottles during 17 days of free choice for 
3 groups of rats (right). It is clear that all 3 groups rapidly began to 
ignore the water and consume high daily quantities of their 

respective sucrose morphine. 

sucrose-morphine concentra t ion group showed a clear 
preference for the sucrose-morphine over water. By Day 5 
of  this phase all 3 groups were ingesting significantly more 
sucrose-morphine than water. There was an overall increase 
in sucrose-morphine intake for the 3 groups during the 17 
days of  choice phase, F(2,23) = 35.5, p<0.01 .  In contrast ,  
water  intake of  the 3 groups showed a reliable decline over 
the same 17 day period, F(2,23) = 9.4, p<0 .01 .  The 
amount  of morphine ingested by the 3 groups also 
increased during the choice period, F(2,23) = 13.5, p<0 .01 .  
The amount  of  morphine ingested was a funct ion of  the 
drug concent ra t ion  in the sucrose vehicle (Fig. 2). Specifi- 
cally, during the last 6 days of  the choice phase the mean 
daily intake of  morphine was approximate ly  45 mg for the 
0.5 concent ra t ion  group, 28 mg for the 0.25 concentra t ion 
group, and only 14 mg for the 0.125 concentra t ion  group. 
Therefore ,  it is apparent  that the rats began to drink the 
morphine-adul tera ted sucrose solution because of  the high- 
ty reinforcing 10 percent  sucrose. The amount  of morphine  
in the standard 10 percent  sucrose clearly affected their  
intake. This point  is obvious when ingestion data from the 
3 higher morphine concentra t ion groups are considered. 
Morphine concentra t ion  of 1 mg/ml  and higher apparently 
override the reinforcing potency of the 10 percent  sucrose, 
for none of  the animals in the 3 higher morphine 
concentra t ion  groups ingest any appreciable quantit ies of  
these solutions. 

The above data reveal, for the first time, condit ions 
under  which rats would voluntar i ly  ingest high quanti t ies of 
morphine  in a sucrose vehicle wi thout  any premedicat ion or 
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FIG. 2. Mean daily morphine intake for 3 groups of rats during 17 
days of choice test where each group had free access to a water and 

a sucrose-morphine source. 
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FIG. 3. Mean changes in body weight for 3 groups of rats which had 
voluntarily consumed sucrose-morphine in preference to water 
during the immediate preceding 17 days. The sharp drop in body 
weight was precipitated by a single IP injection of nalorphine and 
replacement of the animal's sucrose-morphine with the sucrose 

vehicle. 
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forced hydra t ion .  It can be s ta ted:  First ,  t ha t  rats show a 
clear preference  for  a 10 percent  sucrose so lu t ion  conta in-  
ing as m u c h  as 0.5 mg /ml  of  m o r p h i n e  HC1 over  tap water .  
Second,  tha t  there  may be an ini t ial  aversion wi th  respect  
to 0.25 and 0.5 mg/ml  concen t r a t i ons  tha t  rats ove rcome  
rapidly (Fig. 1), and  tha t  this aversion is m a i n t a i n e d  wi th  
m o r p h i n e  c o n c e n t r a t i o n s  in excess of  0.5 mg/ml.  

During the  nex t  phase of this  work we tes ted  for  
morph ine  dependence  in the  above 3 groups.  Specifically,  
we replaced each group ' s  suc rose -morph ine  wi th  the 10 
percent  sucrose vehicle and  admin i s t e red  an IP in jec t ion  of  
a morph ine  an tagonis t ,  na lo rph ine .  Na lorph ine  adminis t ra-  
t ion to a m o r p h i n e - d e p e n d e n t  organism rapidly prec ip i ta tes  
morph ine  abs t inence  signs which  include sharp r educ t ion  in 
ea t ing and dr inking,  diarrhea,  rh inor rhea ,  pi lo-erect ion,  
i r r i tabi l i ty ,  agi ta t ion,  and  weight  loss [6 ] .  

Figure 3 shows the effects  of  the t r e a t m e n t  on body  
weight  of the  animals.  During the first 12 hr  a f te r  
na lo rph ine  admin i s t r a t ion  all animals  lost cons iderab le  
weight.  All 3 groups c o n t i n u e d  to lose weight  for an 
add i t iona l  36 hr. The  groups  which  had previously ingested 
morph ine  f rom 0.125 and 0.25 mg /ml  in sucrose so lu t ions  
showed milder  abs t inence  signs in compar i son  to the  0.5 
mg/ml  group,  as ref lected in the i r  recovery of  lost b o d y  
weight  (Fig. 3) and food in take  (Fig. 4). The 0.5 mg/ml  
morph ine  group failed to reach its p rena lo rph ine  level of  
body  weight  and food in take  even af ter  9 days, while the  2 
lower morph ine  groups recovered the i r  respect ive baseline 
levels by the 9th day. This d i f ferent ia l  recovery f rom 
morph ine  wi thdrawal  signs reflects the  fact t ha t  the  0.5 
mg/ml  rats were ingest ing cons iderab ly  more  of  the  drug 
dur ing  the  choice phase than  the  o the r  2 groups.  O t h e r  
opiate  wi thdrawal  signs, m e n t i o n e d  above,  were observed in 
all animals.  Diarrhea  appeared  in all rats wi th in  2 to  5 min 
af ter  na loph ine  admin is t ra t ion .  Pi loerect ion and rh ino r rhea  
were par t icular ly  p r o m i n e n t  for  the  first 5 to 6 hr  a f te r  
na lo rph ine  admin i s t ra t ion .  

Previous work in our  l abora to ry  had indica ted  tha t  rats 
placed on forced morph ine  sucrose regimen for 25 days 
prefer  a sucrose morph ine  so lu t ion  over wate r  when  given 
a choice. In add i t ion ,  the same rats also prefer  the  sucrose 
vehicle [3 ] .  Recent ly ,  we have also ob ta ined  data  which  
indicate  tha t  rats made m o r p h i n e - d e p e n d e n t  by the above 
procedure  prefer  sucrose m o r p h i n e  over water ,  the  sucrose 
vehicle,  or sucrose-adul te ra ted  quinine .  

All previous  s tudies  involving oral se l f -adminis t ra t ion  of  
morph ine  have emp loyed  procedures  which  involve premed-  
ica t ions  or forced h y d r a t i o n  (by  various degrees of  e i the r  
water-depr iving the  animals  or a cyclical m e t h o d  of  
choice-force a l t e rna t ion  [71. The present  work is the  first 
repor t  on the  feasibil i ty of making rats d e p e n d e n t  on the  
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FIG. 4. Mean changes in food intake for 3 groups of rats which had 
voluntarily consumed sucrose-morphine in preference to water 
during the immediate preceding 17 days. The sharp drop in eating 
was precipitated by a single IP injection of nalorphine and 
replacement of the animal's sucrose-morphine with the sucrose 

vehicle. 

opiate  alkaloid w i t h o u t  resor t ing to forced h y d r a t i o n  or 
p remedica t ion .  
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