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The Development of Tolerance to and Dependence on Morphine are
Reduced by Co-administration of Nalbuphine in Rat
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Abstract — Morphine has been used widely on the treatment of many types of chronic pain. However the development
of tolerance to morphine by repeat application is a major problem in pain therapy. The purpose of the present study was
to investigate whether combined administration of nalbuphine with morphine affects the development of tolerance to and
dependence on morphine. We hypothesize that the use of nalbuphine, x-agonist may prove to be useful adjunct therapy to
prevent morphine-induced undesirable effects in the management of some forms of chronic pain. Morphine (10 mg/kg) was
injected to rats intraperitoneally for 5 days. The variable dose of nalbuphine (0.1, 1.0 and 5.0 mg/kg) was administered (i.p.)
in combination with morphine injection. The development of tolerance to morphine was assessed by measuring the anti-
nociceptive effect with the Randall-Selitto apparatus. The development of dependence on morphine was determined by the
scoring the precipitated withdrawal signs for 20 min after injection of naloxone (10 mg/kg, i.p.). Nalbuphine did not attenuate
antinociceptive effect of morphine in rats. Interestingly, combined administration of morphine with nalbuphine (100:1) sig-
nificantly attenuated the development of morphine tolerance and dependence. These results suggest that the co-admin-
istration of nalbuphine with morphine in chronic morphine treatment can be one of therapies to reduce the development
of dependence on morphine.
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Fig. 1 - The antinociceptive effect of morphine in various doses in rats. The threshold of paw withdrawal was determined at before and at every
30 min up to 210 min after injection of morphine (2.5, 5, 10 and 15 mg/kg, i.p.). The antinociceptive effect of morphine was determined
by the Randall-Selitto test and calculated with the AUC method. Data are expressed as mean = S.E. (n=5). *p<0.05, compared with
the saline group by one way ANOVA followed by Dunnett's test.
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Fig. 2 — The development of morphine-induced tolerance. Morphine
(10 and 15 mg/kg, i.p.) was administered once daily for 5
days. The degree of development of morphine-induced
analgesic tolerance was determined by the Randall-Selitto
method and calculated with the AUC method. Data are
expressed as mean = S.E. +p<0.05, *p<0.05, compared
with the morphine (10 and 15 mg/kg) group on day 1,
respectively, by one way ANOVA followed by Dunnett's
test.
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Fig. 3 — The antinociceptive effects of natbuphine in various doses in rats. The threshold of paw withdrawal was determined at before and at
every 30 min up to 150 min after injection of nalbuphine (0.01, 0.1, 1 and 5 mg/kg, i.p.). Data are expressed as mean = S.E. (n=6).
*P<0.05, Compared with the saline group by one way ANOVA followed by Dunnett's test.
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Fig. 4 — The effects of various doses of nalbuphine on morphine-
induced analgesia. Nalbuphine (0.1, 1 and 5 mg/kg, i.p.) was
co-administrated with morphine 10 mg/kg. The threshold of
paw withdrawal was determined at before and at every 30
min up to 180 min after the injection of morphine. Data are
expressed as mean = S.E. (n=5).
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Fig. 5 —The inhibitory effects of nalbuphine on development of
morphine-induced tolerance. Morphine 10 mgkg was
administered 1.p. once daily for 5 days. Nalbuphine (0.1, 1
and 5 mg/kg, i.p.) was co-administered with morphine. Data
are expressed as mean * S.E. (n=7-~10). *p<0.05,
compared with the morphine group on day 1. +p<0.05,
++p<0.01, compared with the morphine group on day 5
by one way ANOVA followed by Dunnett's test.
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Table I - Effects of nalbuphine on naloxone-precipitated withdrawal
signs in morphine-dependent rats

. Morphine Morphine
Withdrawal .10 Morphine +Nalaphine +Nalbuphine

s1gns 0.1 1.0
Teeth chattering 0/6 5/9* 6/11 6/11
Wet-dog shake 0/6 5/9* 4/11 311
Forepaw tremors 0/6 5/9* 1/11* 311
Diarrhea 0/6 0/9 011 /11
Defecation 0/6 4/9 3/11 211
Urination 0/6 5/9% 1/11# 111*
Rearing 0/6 9/9* 311 211
Ptosis 0/6 8/9* 411* 911
Penis-licking 0/6 7/9* 6/11 2/11%

Rats were received morphine (10 mg/kg, i.p.) and/or nalbuphine
(0.1 and 1 mg/kg, i.p.) for 4 days, and were challenged with naloxone
(10 mg/kg, i.p.) 24 h after the final injection of morphme
"Numbers denote the number of rats showmg positive signs
over the total number of rats tested for 20 min after mJ«,ctlon of
naloxone. *p<0.05, compared with the saline group, p<O 05,
compared with the morphine group by Fischer-exact test.
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