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MUCHA, R. F. AND H. KALANT. Increased weight gain as a morphine withdrawal response in rats. PHARMAC. 
BIOCHEM. BEHAV. 11(2) 197-201, 1979.--Adult male Wistar rats injected daily with 20 or 200 mg/kg morphine-SO4 for 
35 days suffered a dose-dependent weight loss over the first 3 days of morphine withdrawal. However, during the next 28 
days they gained weight more rapidly than controls, the rates being related to the previous morphine dosage. These findings 
were replicated in Sprague-Dawley rats treated for 26 days with 60 mg/kg morphine. Food-restricted controls suffering 
weight losses equal to those of the morphine-treated or morphine-withdrawn groups did not subsequently gain weight as 
rapidly as the latter groups. Therefore the rapid post-withdrawal weight gain may be a true adaptive response to the weight 
suppressing effects of morphine. Also, comparisons of weight changes during treatment in the two experiments indicated 
possible strain differences for tolerance to morphine's direct weight-reducing effect. 

Morphine Weight changes Physical dependence Protracted dependence Strain differences 

W I T H D R A W A L  of morphine after a period of  chronic ex- 
posure produces two apparent effects on body weight. The 
first is weight loss, one of the more sensitive and reliable 
features of physical dependence on morphine [l ,  7, 26]. It 
comprises reduced food and water intake, and increased de- 
fecation and urination [7]; and the magnitude and duration of 
weight loss is related to the preceding treatment dose [1,26]. 
Body weight loss is evident shortly after withdrawal and 
rarely lasts longer than a few days [20,26]. 

The second effect is an increase in the rate of  body weight 
gain following recovery from the weight loss. This phenom- 
enon has received almost no attention and data supporting its 
existence are largely incidental. Fluid intake, known to af- 
fect body weight [4], was markedly increased in abstinent 
rats [20]. In addition, the data in several reports [ l ,  9, 20, 26] 
suggest the presence of higher rates of weight gain for pre- 
viously morphine-treated rats compared to control rats. How- 
ever, only recently was any formal mention of this body 
weight effect made. Thornhill et al. [27] pointed out that the 
rate of  growth of heroin-withdrawn rats was much higher 
than that of saline-treated rats. 

The probable reason why the increase in body weight gain 
has not received systematic study is the assumption that the 
increase is a compensatory response to the weight losses 
produced by the morphine treatment and withdrawal. In- 
deed, it was argued by Thornhill et al. [27] that heroin inter- 
fered with normal growth. It was, therefore, not suprising 
that heroin withdrawn rats showed higher rates of  gain than 
control rats. An alternative hypothesis is that the increased 
rate of weight gain is a long term effect of morphine on body 
weight control mechanism. 

In view of  the importance of long term effects of chronic 

drug administration for understanding the mechanisms of 
tolerance and dependence [6], the present study tested these 
two hypotheses.  Body weights were measured in 
morphine-withdrawn rats and in rats with body weights de- 
creased by restricted feeding. 

METHOD 

Animals 

Adult male rats (Wistar in Experiment 1 and Sprague- 
Dawley in Experiment 2) weighing 240-260 g at the time of  
purchase from Canadian Breeding Laboratories (Constant, 
Quebec) were used. They were housed singly in stainless 
steel cages, in temperature controlled rooms with lights on 
from 0800-2000 hr. Prior to the experiments food was ad lib 
and the rats were weighed weekly. Water  was always ad lib. 

Drugs 

Doses of morphine sulfate (BDH), expressed in terms of 
the salt, were dissolved in physiological saline and injected 
IP. Treatment doses, in volumes of  4 ml/kg, were given in 
single daily injections. 

Procedure 

Body weight was manipulated by means of weight pair- 
ing. From a group of 120 rats available for Experiment l, 60 
rats were selected on the basis of body weight and divided 
into l0 groups of 6 each, with individual body weights differ- 
ing less than 5 g. In Experiment 2, 40 rats were selected from 
an initial pool of  75 and similarly divided into l0 groups of 4 
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each. One rat from each of the matched groups was assigned 
randomly to each treatment condition. Some conditions in- 
volved ad lib food presentation, while others involved food 
restriction designed to yield body weights matched with 
those of specified ad lib feeding groups. The daily weight 
change of a rat in the ad lib group governed the amount of  
food given next day to its matching rat in the paired group. 
The weights of the rats were recorded at the time of the dally 
injection, and if the weight of  the ad lib rat stayed the same 
as the day before, the weight of  the weight-paired rat was 
held constant by putting 25 g of food into the hopper. If the 
weight of  the ad lib match went up (or down), 5 g more (or 
less) food was given to the paired rat. Because of differences 
in body size, the amount of food required to maintain body 
weight was 20 g a day for some rats and 30 g for others. 

Experiment 1. Of six experimental groups (10/group), 
three groups received 0, 20, or 200 mg/kg of morphine and ad 
lib feeding. The dose of the 200 mg/kg rats was increased 
over the first five injections from an initial 40 mg/kg, by four 
successive equal-sized dally increments. There were three 
weight-paired groups, of which two received saline and 
weight-pairing to the 20 and 200 mg/kg ad lib groups, respec- 
tively. The third group received 20 mg/kg morphine, but was 
weight-paired to the 200 mg/kg ad lib group. The mainte- 
nance injections were continued for 35 days, except for Days 
22 and 29 when tests for analgesia were given. The data from 
these tests will be described elsewhere. Commencing with 
Day 36 all injections were stopped and for 28 days each rat 
received ad lib feeding and daily weighing. 

Experiment 2. There were four groups, three receiving 
daily injections of saline and one 60 mg/kg morphine. The 
treatment lasted 26 days and rats of the morphine and one 
saline group were fed ad lib; the other two saline groups were 
weight-paired to the morphine rats. Final injections were on 

Day 26 but body weights were recorded periodically for 87 
days. One group of weight-paired rats commenced ad lib 
feeding; the other received only 5 g of food in their hoppers 
on Days 27 to 29, to simulate the weight loss produced by 
morphine withdrawal, and then received mild food restric- 
tion, as previously described, for 1 day, and ad lib feeding 
thereafter. 

Statistical Analyses 

The statistical tests were two-tailed and employed the 
procedures of Kirk [14]. A priori statistical tests were used 
throughout the study except for analyses of the withdrawal- 
related body weight data in Experiment I. In these cases, 
since no a priori hypotheses were advanced, Tukey " A "  
tests followed significant analyses of  variance. All tests em- 
ployed Dunn's adjustment when more than one comparison 
of individual means was made. Throughout the text results 
are presented as mean z SE. 

RESULTS 

Experiment 1 

The body weights of the various treatment groups are 
summarized in Fig. 1. The means were derived from data 
from 10 rats each, except for the 20 mg/kg-treated group 
weight-paired to the 200 mg/kg group. In this group there 
were 10 rats at each point until Day 29 and eight at each 
subsequent point, since two rats died during tests of 
analgesia on Day 29. 

It is clear from the figure that the regimen of morphine 
administration produced a treatment dose-related suppres- 
sion of body weight gain, as previously reported [22,23]. The 
data prior to Day 22 were analyzed. The overall mean of  the 
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FIG. 1. Body weights of Wistar rats in Experiment 1 on various regimens of daily morphine and weight manipulation: 
(~ ) saline, fed ad lib; (m ) morphine 20 mg/kg, fed ad lib; (A ) morphine 200 mg/kg, fed ad lib; (©----) saline, 
weight-paired to 20 mg/kg morphine group; ((3 ) saline, weight-paired to 200 mg/kg morphine group; and (~-~ ) 

morphine 20 mg/kg, weight-paired to 200 mg/kg group. The SE values of the various points were all less than I 1.6. 
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ad lib fed saline group was significantly grea te r  than the 
mean of the 20 mg/kg ad lib fed group, F(1,1566)=24.5, 
p<0.05/3, and the latter was significantly greater than the ad 
lib 200 mg/kg mean, F( I ,  1566) = 46.7, p <0.05/3. It i s also ap- 
parent from the figure that the body weight pairing procedure 
produced body weights comparable to those produced by 
morphine. 

Withdrawal from morphine treatment on Day 36 pro- 
duced a clear treatment-dose-related drop in body weight of 
the ad lib-fed rats (see Fig. 1). Analysis of variance of the 
weight change between Day 36 of treatment and the first day 
of withdrawal was highly significant, F(5,52)= 119, p<0.0001. 
A posteriori tests of data from the ad lib-fed rats indicated 
significant mean differences between the saline and the 200, 
q(6,52)= 15.0, p<0.05/4, the saline and the 20, q(6,52)=5.2, 
p<0.05/4, and the 200 and the 20 mg/kg groups, 
q(6,52) = 10.4, p<0.05/3. The duration of the weight loss for 
the 20 mg/kg ad lib-fed rats was 1 day and for the 200 mg/kg 
rats it was between I and 4 days (mean=2.5 ± 0.3). The 
average day of the maximum weight loss in the 200 mg/kg 
group was 1.8 ± 0.2. Not surprisingly, the switch to ad lib 
feeding for the weight-paired rats on Day 36 produced a 
sharp gain in weight. However,  it was interesting that this 
also occurred for each of the 20 mg/kg treated rats weight- 
paired to the 200 mg/kg group. The weight gain in this group 
between Day 36 of treatment and the first day of withdrawal 
was significantly higher than that of  the ad lib saline group, 
q(6,52)=6.5, p<0.05/3, but significantly lower than that of 
the saline group paired to the 200 mg/kg rats, q(6,52)=8.2, 
p<0.05/3, and of  the saline group paired to the 20 mg/kg 
group, q(6,52)=5.9, p<0.05/3. This fact suggests that some 
effects related to morphine withdrawal were present. 

From the 4th day on, all individual subjects exhibited a 
steady body weight increase. Using slopes of best-fitting 
lines drawn through the graphed data, mean daily rates of 
weight gain were determined for successive 7-day blocks 
between Days 4 and 24, inclusive. From a summary of these 
data in Fig. 2, it is apparent that the morphine treatment 
caused a dose-dependent increase in the rate of weight gain 
during withdrawal. Following a highly significant group ef- 
fect on an overall analysis of variance, F(5,52)=36.4, 
p<0.001,  separate analyses of the overall means were car- 
ried out. The overall mean of  the ad lib 20 mg/kg group was 
significantly greater than that of its weight-paired saline con- 
trol, q(6,52)=8.15,p<0.05. Similarly, the overall mean of  the 
200 mg/kg group significantly exceeded those of its weight- 
paired control groups, one treated with saline, q(6,52)= 10.0, 
p<0.05/3,  and one with 20 mg/kg morphine, q(6,52)=6.5, 
p<0.05/2. There was, however,  for saline rats weight-paired 
to 200 mg/kg rats, an overall mean rate significantly higher 
than for ad lib saline rats, q(6,52)=9.9, p<0.05/2. On the last 
7-day block the mean rate of  the ad lib 200 mg/kg morphine 
group was significantly greater than that of the saline group 
weight-paired to the 200 mg/kg group, q(6,156)=5.6, p <0.05, 
suggesting a long-term effect of the 200 mg/kg morphine. 

Experiment 2 

A summary of the body weights measured during this 
experiment is presented in Fig. 3. On the last day of treat- 
ment, the 60 mg/kg mean differed significantly from the 
saline mean, t(18)=21.4, p<0.04,  but the means of  the mor- 
phine and two weight-paired control groups were very simi- 
lar. The data obtained during withdrawal replicated the pre- 
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FIG. 2. Daily weight gain during the three 7-day blocks between 
withdrawal Day 4 and 28, inclusive, in Experiment 1, for rats iden- 
tified in Fig. i caption. The SE values of the various points were all 

less than 0.5. 

vious results. As of Day 5, all rats began a stable weight gain. 
The gain over Days 5-11 for the weight-paired group placed 
on ad lib feeding at the start of withdrawal was significantly 
less than the gain of  the morphine group, t(18)=5.1, 
p<0.05/2. The same was true of  the group that was food- 
restricted until Day 4 of withdrawal to mimic the weight loss 
caused by withdrawal, t(18)=3.8, p<0.05/2. The rate of gain 
in the morphine rats declined over the remaining period after 
withdrawal, but their mean gain between Days 12 and 38 was 
still significantly higher than those of the two weight-paired 
groups, t(18)=4.8, p<0.05/2; t(18)=2.5, p<0.05/2, respec- 
tively. There were no significant differences in weight gain 
following this period so that the growth curves became paral- 
lel. However ,  an analysis of  variance followed by a compari- 
son of  the overall mean body weights of the four groups 
between Days 42 and 87 indicated that the mean weight of 
the morphine rats was significantly larger than the combined 
means of the weight-paired controls, F(1,36)=4.25, p<0.05.  

Additional analyses of  the data during treatment indicated 
that there was an apparent development of  tolerance to the 
weight-reducing effect of  morphine. There was a significant 
increase in body weight for the morphine group between 
Days 12 and 21 of  treatment, t(8)=2.4, p<0.05.  Only 9 rats 
were used for this comparison since one rat chipped its tooth 
during the 10-day period and showed irregular body weight 
changes; however,  its weight also showed an upward trend. 

DISCUSSION 

The results of the present study indicated a clear increase 
in body weight gain in morphine-withdrawn rats. This effect 
was treatment-dose-dependent and long term, with greater 
weight gains compared to control still apparent several 
weeks after the recovery from withdrawal-related weight 
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FIG. 3. Body weights of Sprague-Dawley rats in Experiment 2 on various regimens of daily morphine and weight 
manipulation: (© ) saline, fed ad lib: (O----) morphine 60 mg/kg, fed ad lib: (,~1 ] saline, weight-paired to morphine 
group until start of withdrawal; and (A ) saline, weight-paired to morphine group until the latter started gaining weight 

after morphine withdrawal. The SE values of the various points were all less than 15.5. 

loss. It is known that weight-reduced animals show compen- 
satory increases when ad lib feeding is resumed [21,29]. 
However, this alone does not explain the effect in 
morphine-withdrawn animals, since equally weight-reduced 
control groups [17,25] did not gain as rapidly as the 
morphine-withdrawn rats. The characteristics of the in- 
creased weight gain strongly suggested that it is a true sign of 
physical dependence. Consistent with this idea are the data 
of Bhargava and Matwyshyn [2], collected during a 3-day 
withdrawal period. Naloxone produced a drop in body 
weight followed by a weight gain, whereas only the body 
weight drop occurred without naloxone. 

It has long been puzzling that weight loss occurs both 
during morphine administration and after morphine with- 
drawal. The homeostatic theory of morphine tolerance [10] 
predicts that the acute effects and the changes typical of 
physical dependence should be opposite, as seen for 
analgesia [28]. Our present findings are consistent with this 
prediction, and suggest that the later weight-gain increase in 
morphine withdrawal represents the rebound from the acute 
weight-gain-suppressing effects of morphine. The duration of 
this rebound is several weeks (Fig. 3), which is comparable 
to the time in which naloxone can elicit retrograde taste av- 
ersion to saccharine in previously morphine-withdrawn mice 
[18] and the time that it takes for rats and mice to show a 
reversal of opiate tolerance [5]. The early weight loss in 
morphine withdrawal, on the other hand, may primarily re- 
flect the counterpart of tolerance to the direct intestinal ef- 
fect of morphine, as suggested by Burks e ta / .  [3]. Thus, 
these two different withdrawal effects may reflect two mech- 
anisms of tolerance, differing in their rates of offset [6] and 
the characteristics of their log-dose/response curve changes 
[22,23]. 

The basis of  the increased body weight gain is not known. 
Weight reduction produced by morphine may arise through 
decreases in food and water intake [16] (though vasopressin 

release occurs, promoting water retention [13]), altered 
levels of anabolic hormones [15], increased food utilization 
due to large increases in motor activity [16] and inhibition of 
RNA and protein synthesis [12]. Conceivably, the increased 
body weight gain during withdrawal may arise from effects 
exactly opposite to these treatment-related effects. Body 
weight regulation however, is a complex process that is still 
not fully understood [24] and there are a number of other 
ways that the preceding morphine treatment could have re- 
sulted in increased body gain. For example, diet palatability 
influences body weight regulation [24] and it is not certain 
whether the present phenomenon would occur with foods of 
varying palatability. If such effects occur, another question 
is whether they arise from direct or conditioned effects [8]. 
In addition, the greater body weight gain is only clear when 
the morphine groups are compared to the groups experienc- 
ing body weight decreases produced by food restriction, 
since body weight reduction by itself results in compensat- 
ory increases in weight gain. It will be interesting to see 
whether other types of controls, using quinine adulteration 
or heavy work schedules [24] to produce body weight reduc- 
tion, allow quantitatively similar effects to be detected. Body 
weight changes may be secondary to specific molecular 
changes produced by morphine administration. For exam- 
ple, recent evidence by Margules eta/.  [19] indicated a rela- 
tion between overeating and high plasma and pituitary 
fl-endorphin levels in genetically obese rats and mice, and 
changes in endogenous opioid activity have been noted dur- 
ing the development of morphine tolerance [l 1]. 

The results of  the present study bring data to bear on 
another issue in the opiate literature. A comparison of the 
body weight data from the treatment period in Experiments I 
and 2 suggests strain differences for tolerance development 
to morphine's suppression of body weight. In Experiment l, 
Wistar rats showed no development of tolerance to this ef- 
fect during the 21-day treatment period, even to a dose as 
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low as 20 mg/kg,  desp i te  c lea r  t o l e rance  to the  ana lges ic  
ac t ion .  Sp rague -Dawley  ra ts ,  in E x p e r i m e n t  2, s h o w e d  c lear  
t o l e rance  to 60 mg/kg af te r  16 days  of  t r e a t m e n t ,  an  onse t  
t ime  c o m p a r a b l e  to  tha t  seen  p rev ious ly  in this  s t ra in  o f  ra t  
[22]. W h e t h e r  the  effect  ref lec ts  a d i f fe rence  in the  capac i ty  
to deve lop  to le rance ,  or  on ly  in the  ra te  o f  its acquis i t ion ,  
r ema ins  to be  de t e rmined .  

ACKNOWLEDGEMENTS 

The authors gratefully acknowledge the able assistance of L. 
Currin, D. Lindholm, K. Potter and K. Voshart. 

R E F E R E N C E S  

1. Akera, T. and T. M. Brody. The addiction cycle to narcotics in 
the rat and its relation to catecholamines. Biochem. Pharmac. 
17: 675--688, 1968. 

2. Bhargava, H. N. and G. A. Matwyshyn. Brain serotonin turn- 
over and morphine tolerance and dependence induced by mul- 
tiple injections in the rat. Eur. J. Pharmac. 44: 25-33, 1977. 

3. Burks, T. F., D. L. Jaquette and M. N. Grubb. Development of 
tolerance to the stimulatory effect of morphine in dog intestine. 
Eur. J. Pharmac. 25: 302-307, 1974. 

4. Collier, G. Body weight loss as a measure of motivation in 
hunger and thirst. Ann. N.Y. Acad. Sci. 157: 594--609, 1969. 

5. Cox, B. M., M. Ginsburg and J. Willis. The offset of morphine 
tolerance in rats and mice. Br. J. Pharmac. 53: 383--391, 1975. 

6. Cox, B. M. Multiple mechanisms in opiate tolerance. In: Char- 
acteristics and Functions o f  Opioids. edited by J. M. van Ree 
and L. Terenius. Amsterdam: Elsevier/North Holland, 1978, 
pp. 13-23. 

7. Goode, P. G. An implanted reservoir of morphine solution for 
rapid induction of physical dependence in rats. Br. J. Pharmac. 
41: 558--566, 1971. 

8. Green, K. F. and J. Garcia. Recuperation from illness: flavour 
enhancement for rats. Science 173: 749-751, 1971. 

9. Hano, K., H. Kaneto and T. Kakunaza. Pharmacological 
studies on analgesics: development of physical dependence in 
morphinized mice. Jap. J. Pharmac. 13: 207-214, 1963. 

10. Himmelsbach, C. K. Symposium: Can the euphoric, analgetic 
and physical dependence effects of drugs be separated? IV. 
With reference to physical dependence. Fedn Proc. 2: 201-203, 
1943. 

I1. Hrllt, V., R. Przewlocki and A. Herz. fl-Endorphin-like im- 
munoreactivity in plasma, pituitaries and hypothalamus of rats 
following treatment with opiates. Life Sci. 23: 1057-1066, 1978. 

12. Hui, F. W., E. Krikun and A. A. Smith. Inhibition by d,I- 
methadone of RNA and protein synthesis in neonatal mice: an- 
tagonism by naloxone or naltrexone. Fur. J. Pharmac. 49: 
87-93, 1978. 

13. Huidobro, F. Antidiuretic effect of morphine in the rat: 
tolerance and physical dependence. Br. J. Pharmac. 64: 167- 
171, 1978. 

14. Kirk, R. E. Experimental Design Procedures for  the Behavioral 
Sciences. Belmont: Brooks/Cole Publishing Company, 1968. 

15. Kokka, N. and R. George. Effects of narcotic analgesics, anes- 
thetics, and hypothalamic lesions on growth hormone and ad- 
renoconicotropic hormone secretion in rats. In: Narcotics and 
the Hypothalamus. edited by E. Zimmerman and R. George. 
New York: Raven Press, 1974, pp. 137-157. 

16. Kumar, R. E., E. Mitchell and I. P. Stolerman. Disturbed pat- 
terns of behavior in morphine tolerant and abstinent rats. Br. J. 
Pharmac. 42: 473-484, 1971. 

17. Lewander, T. A mechanism for the development of tolerance to 
amphetamine in rats. Psychopharmacologia 21: 17-31, 1971. 

18. Manning, F. J. and M. C. Jackson. Enduring effects of mor- 
phine pellets revealed by conditioned taste aversion. 
Psychopharmacology 51: 279-283, 1977. 

19. Margules, D. L., B. Moisset, M.J.  Lewis, H. Shibuyaand C. B. 
Pert. fl-Endorphin is associated with overeating in genetically 
obese mice (ob/ob) and rats (fa/fa). Science 202: 988-991, 1978. 

20. Martin, W. R., A. Wikler, C. G. Eades and F. T. Pescor. 
Tolerance to and physical dependence on morphine in rats. 
Psychopharrnacologia 4: 247-260, 1963. 

21. Mrosovsky, N. and T. L. Powley. Set points for body weight 
and fat. Behav. Biol. 20: 205-223, 1977. 

22. Mucha, R. F., H. Kalant and M. A. Linseman. Quantitative 
relationships among measures of morphine tolerance and physi- 
cal dependence in the rat. Pharmac. Biochem. Behav. 10: 397- 
405, 1979. 

23. Mocha, R. F., R. Niesink and H. Kalant. Tolerance to morphine 
analgesia and immobility measured in rats by changes in log- 
dose-response curves. Life Sci. 23: 357-364, 1978. 

24. Peck, J. W. Rats defend different body weights depending on 
palatability and accessibility of their food. J. comp. physiol. 
Psychol. 92: 555-570, 1978. 

25. Powley, T. L. and R. E. Keesey. Relationship of body weight to 
the lateral hypothalamic feeding syndrome. J. comp. physiol. 
Psychol. 70: 25-38, 1970. 

26. Stolerman, I. P., C. A. Johnson, P. Bunker and M. E. Jarvik. 
Weight loss and shock-elicited aggression as  indices of mor- 
phine abstinence in rats. Psychopharmacologia 45: 157-161, 
1975. 

27. Thornhill, J. A., M. Hirst and C. W. Gowdey. Effects of chronic 
administration of heroin on rats trained on two food reinforce- 
ment schedules. Archs int. Pharmacodyn. 218: 277-289, 1975. 

28. Tilson, H. A., R. H. Rech and S. Stolman. Hyperalgesia during 
withdrawal as a means of measuring the degree of dependence 
in morphine dependent rats. Psychopharmacologia 28: 287-300, 
1973. 

29. Wirtshafter, P. and J. D. Davis. Set points, settling points, and 
the control of body weight. Physiol. Behav. 19: 75-78, 1977. 


