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Inhibition of development of tolerance to morphine by cycloheximide 

(Received 29 April 1972; accepted 19 June 1972) 

COCHIN AND KORNETSKY’ have stated that tolerance to narcotic analgesics resembles, in some respects, 
an immune response. In ensuing years, these authors and others2-4 have attempted to shed light on 
this resemblance. In considering this phenomenon, we felt that it might be profitable to investigate 
the effect on tolerance of agents affecting the immune response. One of the drugs we have studied is 
cycloheximide, which inhibits protein synthesis, and thus, RN.4 synthesis. We are reporting some of 
this work in this paper. 

Way et uL-’ have shown that cycloheximide, given chronically to mice, inhibits the development 
of tolerance to an implanted pellet of morphine sulfate and reduces the intensity of physical depen- 
dence precipitated by an injection of naloxone. They attribute their results to effects on brain serotonin 
levels rather than on any possible immune response. Our work involved rats, and cycloheximide was 
given weekly rather than daily, because we wished to avoid the possibility of obtaining the desired 
effect (increased latency of reflex response time relative to control animals) by some nonspecific 
depression or debilitation of the animals. We observed at the start of our work that rats are far more 
sensitive to cycloheximide than are mice. The dose used chronically in mice (20 mg/kg) by Way et al.5-7 
is fatal to rats on the first administration. 

Male rats weighing about 275 g were randomly assigned by weight into two groups, one receiving 
cycloheximide and morphine sulfate and one receiving only morphine sulfate. All rats were injected 
subcutaneously once a week for the first 13 weeks of the experiment, with the injections of cyclo- 
heximide (1 mg/kg) given 1 hr before the injections of morphine sulfate (10 mg/kg). 

On alternate weeks from 1 to 13, the animals were tested for analgesia immediately after receiving 
their weekly dose of morphine, using the hot-plate method of Eddy and Leimbach;’ areas under the 
time-effect curve were calculated using a modification of the method of Winter and Flataker.’ At the 
end of this 13-week period, we lengthened the dosage interval in order to observe any possible differ- 
ences in the rates of disappearance of tolerance in the two groups. 
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The areas under the time-effect curve were examined using an analysis of covariance’O with the 
analgesic response to the first dose of morphine or morphine plus cycloheximide as the covariate. 
There was no significant difference between the initial responses of the two groups. The results of a 
typical experiment are shown in Table 1. Several similar experiments have yielded essentially the 
same results: the two groups (cycloheximide and morphine-treated animals and those treated with 
morphine alone) became significantly different from each other at the fifth dose of drug. This was first 
noted in previous experiments in which the animals were tested at weekly intervals after every dose 
of morphine or morphine and cycloheximide. ‘i In every experiment, the two groups remain signifi- 
cantly different from each other for several weeks. In the experiment reported here, the two groups are 
different on weeks 5 through 17, except for week 9. However, if the one animal whose response is out 
of line with its other data* is eliminated. the two groups are significantly different (P < 0.05). 

The results after week 13, when the interval between doses was lengthened, show that the cyclo- 
heximide-treated animals return toward their original responsiveness to morphine more rapidly than 
do the control animals. If this is interpreted as a loss of tolerance to morphine, then it would appear 
that rats which are less tolerant to morphine may lose that tolerance more readily than rats which are 
more tolerant. This agrees well with the work of Miller and Cochin,lz where mice were injected daily 
with either 6 or 8 mg/kg of morphine sulfate. The 6 mg/kg group developed less tolerance to morphine, 
showing a greater analgesic response than the 8 mg/kg group to the fourth injection. This group also 
returned to its original sensitivity to morphine after a drug-free interval of 37 days, while the 8 mg/kg 
group did not. Both sets of experimental results suggest that sensitivity to morphine is regained more 
easily on discontinuance of drug administration when the tolerance developed is less profound. 

These results suggest that cycloheximide alters the rate of development of tolerance to morphine 
sulfate in the rat. Both groups of animals (morphine alone and morphine plus cycloheximide) exhibit 
the expected development of tolerance to the analgesic effect of morphine in response to the first 
few doses of morphine. However, as may be seen in Table 1, the analgesic response of the control 
group continues to fall to a mean adjusted area of about 250 min-set, while the analgesic response of 
the cycloheximide-treated group remains at about 600 min-sec. Thus, cycloheximide seems to prevent 
the full development of tolerance. 

Additional experiments were performed to investigate possible analgesic effects of cycloheximide. 
A group of rats were given cycloheximide (1.5 mg/kg, s.c.) weekly, and tested biweekly for analgesia 
on the hotplate. No morphine was given. These tests yielded areas under the time-effect curve that 
did not differ significantly from those of saline-treated animals. 

The experiments described above offer support to the hypothesis that tolerance to narcotic anal- 
gesics is a phenomenon involving the synthesis of one or more proteins. Cycloheximide in the doses 
given does not cause weight loss, although the animals did not gain weight as rapidly as did controls. 
The animals appear normal, save for some hair loss, which is seen only after 20 or more injections of 
cycloheximide. Thus, the effect does not seem one of debilitation caused by cycloheximide. 

These results agree with those of Way et u/.~ obtained in experiments in which cycloheximide was 
given daily to mice. Our results are also consistent with the enzyme de-repression theories of Goldstein 
and Goldstein’3 and of Shuster,“’ and with the enzyme stabilization theory of Goldstein and Gold- 
steini as well as with the hypothesis of Collier,i6 which postulates an increase in secondary receptors. 

All of the hypotheses cited propose the synthesis of protein, either a receptor protein, an enzyme, 
or a possible circulating protein. The alteration of the rate of development of tolerance to morphine 
by cycloheximide is consistent with such an inhibition of protein synthesis. 

Acknow/edgements-We wish to thank Mrs. R. Grell for her technical assistance. Cycloheximide 
(Acti-dione) was donated by The Upjohn Company, Kalamazoo, Mich. 
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* Animal 440 (Control) 

Week 
Area 

I 3 5 7 9 13 
3420 828 120 36 1736 298 
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Effect of dhydroxydopamine on the activity and circadian rhythmicity of hepatic tyrosine 

aminotransferase 

(Received 21 Aprii 1972; accepted 27 June 1972) 

THE INDUCIBLE enzyme,’ tyrosine aminotransferase (ECC 2.6.1.5), undergoes circadian variations in 
activity,2 and it has been proposed that these variations are under noradrenergic control. According 
to this proposal, aminotransferase synthesis is cofactor dependent and norepinephrine, periodically 
released from noradrenergic terminals, disrupts synthesis by directly chelating the cofactor, pyridoxal 
phosphate, and removing it from the enzyme-forming site. ’ In support of this proposal it has been 
established that norepinephrine, together with other catechols, does complex with pyridoxal-fi- 
phosphate in aitro4*5 and that the dissociation constant for the resulting isotetraquinoline is smaller 
than that of the enzyme-cofactor dissociation constant. Further, administration of pyridoxine to the 
rat can lead to elevations in tyrosine aminotransferase activity under some conditions,6 and norepin- 
ephrine can inhibit this elevation.’ This inhibition is most marked if norepinephrine is administered 
during the nocturnal rise of enzymic activity. 

In the present study we attempted to gain more information on the relationship betwen norepin- 
ephrine and enzymic activity by examining circadian changes in enzymic activity after treatment with 
6-hydroxydopamine, an agent shown to be a potent tool for selective destruction of catecholaminergic 
terminals, particularly noradrenergic terminals.* 

Male Long-Evans rats weighing SO-120 g were housed individually after treatment and maintained 
on an ad lib. diet of Purina Rat Chow. The animal room was maintained at 22” and lights were on 
from 5 a.m. to 5 p.m. Animals were decapitated at 9 a.m. or 9 p.m. which are the nadir and peak, 
respectively, of the diurnal rhythm of tyrosine aminotransferase under these environmental conditions. 
Upon decapitation, trunk blood was collected; organs were quickly removed, rinsed, weighed and 
placed in appropriate media for assay. Spleens and hearts from some animals were homogenized in 
0.4 N perchloric acid for norepinephrine determinations. Livers were homogenized in cold neutral 
0.15 M KC1 and centrifuged at 105,OOOg for 30 min at 4” and the supernatants used for liver tyrosine 
aminotransferase assay. Adrenal and serum corticosterone was assayed by the method of Givner and 
Rochefort9 Norepinephrine was assayed by the method of Bertler et a/.‘* after separation by the 
method of Anton and Sayre.” Liver tyrosine aminotransferase was measured by the method of Lin 
et aLzz and protein by the method of Lowry as described by Layne.13 A Student two-tailed t-test 
was used for statistical comparisons. 


