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ABSTRACT

Mice were rendered tolerant and dependent to morphine by subcuta-
neous injection of morphine over a period of 5 days. The effects of acute
and chronic administration of dihydropyridine calcium channel antagonist
nifedipine on the development of tolerance and naloxone-precipitated
morphine withdrawal signs were investigated. A single injection of
nifedipine proved to be effective in inhibiting some signs of morphine
withdrawal but ineffective in blocking the development of tolerance to the
ataxic action of morphine. The concurrent injections of nifedipine with
morphine prevented most signs of morphine withdrawal but failed to have
any effects on the development of tolerance to the ataxic action of mor-
phine. The results suggest that alterations in dihydropyridine-sensitive
calcium channels may be involved in the adaptations that occur on chronic
treatment with morphine. It is also possible to conclude that separate
mechanisms are involved in the development of tolerance and dependence.
MJIRI, Vol. 17, No. 3, 251-257, 2003.
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INTRODUCTION

Drug addiction is one of the world’s major health
problems, with large direct health costs as well as mas-
sive indirect costs to society in terms of crime, loss of
earnings and productivity, and social damage. Attempts
to understand the mechanisms underlying drug addiction
have focused on the phenomena of drug dependence,
tolerance and sensitization. Drug dependence is defined
as the need for continued drug exposure to avoid a with-
drawal syndrome, which is characterized by physical or
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motivational disturbances when the drug is withdrawn.
The occurrence of this syndrome in man is one of the
causes of continued addiction to opiate drugs. Despite
the existence of a large body of information on the sub-
ject, the mechanisms of opiate tolerance and dependence
are not yet fully understood.

The molecular basis for the acute action of opiates is
established as being via interaction with a family of re-
ceptors (U, ¥, K, €, 8) of which the pi-receptor is probably
mainly responsible for the actions of morphine and the
other abused opiate drugs.'? The mechanisms by which
1 and other opiate receptors produce their cellular ef-
fects is not yet fully known, but there is abundant evi-
dence that neuronal calcium channels can be modulated
by the action of opiates on their receptors. Opiates have
been shown to have predominant inhibitory effects on
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Fig. 1. Effect of acute nifedipine on naloxone-precipitated with-
drawal jumps and stands in morphine-dependent mice. Chronic
morphine was given in increasing doses (from 15 to 90 mg/kg)
over a period of 5 days as described in METHODS. Nifedipine
was injected in a single dose (10 mg/kg) 1 h after the last dose of
morphine (1 h before naloxone injection). The withdrawal was
precipitated by naloxone (5 mg/kg), withdrawal signs were ob-
served for 30 min. Bars illustrate mean jumping frequencies (+
S.E.M.) of 6 mice. * p<0.05, comparison between nifedipine and
vehicle controls using one-way ANOVA followed Newman-Keuls
post-hoc comparison.

calcium entry through voltage-operated calcium chan-
nels in various cell lines and tissue preparations.>!* All
these inhibitory actions underlie the decrease in neu-
rotransmitter release and reduction of cellular excitabil-
ity produced by opioid through Gi or Go subunit.
There are possibly several adaptive mechanisms that
could underlie opiate tolerance and dependence, includ-
ing changes in cyclic adenosine monophosphate (cAMP)
and down-regulation of opiate receptors.!! However, there
is growing evidence indicating that neuronal calcium
channels may be important in opiate tolerance and de-
pendence.!'?!®* The chronic administration of opiates to
laboratory animals has been shown to produce an increase
in calcium uptake into various brain preparations.>!'*!3
Consistent with these results, calcium channel blockers
have been shown to decrease the magnitude of tolerance
and reduce in vivo opioid agonist-induced down-regula-
tion of p-opioid receptors.'®!’ The number of
dihydropyridine-sensitive binding sites in the CNS,
thought to represent voltage-sensitive calcium channels,
was increased in rats showing signs of morphine with-
drawal.?®?! The increase in dihydropyridine-sensitive
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Fig. 2. Effects of chronic nifedipine treatment on naloxone-pre-
cipitated withdrawal jump in morphine-dependent mice. Morphine
was given in increasing doses (from 15 to 90 mg/kg) overa period
of 5 days as d. scribed in METHODS. Nifedipine (10 and 20 mg/
kg) or vehicle injections were given once a day during the mor-
phine treatment, the last injection of nifedipine was given 24 h
before the last morphine injection. Separate groups of mice re-
ceived nifedipine or vehicle injections, but no morphine. The with-
drawal was precipitated by naloxone (5 mg/kg), withdrawal signs
were observed for 30 min. Bars illustrate mean number of jumps
(= S.E.M.) of 6 mice. * p<0.05, comparison between nifedipine
and vehicle controls using one-way ANO VA followed by Newman-
Keuls post-hoc comparison.

sites with long-term morphine treatment is likely to be
an adaptive response to its acute effects in decreasing
calcium influx.

While many changes in neuronal function have been
demonstrated to occur after chronic morphine treatment,
it has been difficult to show whether or not they are caus-
ally related to tolerance and dependence. In the case of
changes in neuronal calcium channels, additional evi-
dence has been found, in that prevention of the increase
in dihydropyridine-sensitive binding sites also prevented
the development of morphine tolerance and withdrawal.
Chronic administration of calcium channel antagonists,
during morphine injection, prevented the appearance of
tolerance to the analgesic effect of morphine and also
the increase in the number of dihydropyridine-sensitive
binding sites.' In addition, acute administration of some
calcium channel antagonists before naloxone precipita-
tion completely blocked the abstinence syndrome .in
morphine-dependent animals.???* Calcium channel
blockers have also been shown to increase the acute
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Table 1. The effects of acute nifedipine (10 mg/kg) on naloxone-precipitated withdrawal signs in morphine depen-

dent mice.
Median behavioural scores
Treatments Teeth chattering | Hair raising Sniffing Fast breathing Diarrhea
Morphine + Saline 3 3 3 3 2.5
i (0-3) (3-3) (2-3) (1-3) (2-3)
Nifedipine + Morphine 0:5* 2% 1.5% 2 1%
(0-1) (0-3) (1-2) (0-3) 0-2)

Morphine was givenin increasing dose (from 15 to 90 mg/kg) over a period of 5 days as described in “METHODS”.

Nifedipine (10 mg/kg) was injected 1 h after the last dose of morphine (1 h before naloxone injection). The with-

drawal was precipitated by naloxone (5 mg/kg), withdrawal signs were observed for 30 min. *P<0.05 vs. saline

control using one-way ANOVA followed by Dunn’s post-hoc comparison. The results are the median scores for

withdrawal signs (+ interquartile ranges in parenthesis).
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antinociceptive potency of morphine.?>?*® These results
show a critical role of the L-type voltage-sensitive cal-
cium channels in the development of tolerance and de-
pendence to morphine.

In the current study we compared the acute and
chronic effects of nifedipine on naloxone-precipitated
withdrawal signs in mice.

MATERIAL AND METHODS

Animals

Male TO mice (Pasteur, Tehran) weighing 25-30 g
were housed in a cage with controlled room temperature
of 22-25 degrees. Food and water were available ad [i-
bitum. Tests were performed only after the mice had ac-
climated to the above environment for at least 7 days.
All experiments were carried out between 09:00 and
13:00 h., except for the injections of morphine, which
was carried out between 08:00 and 18:00. Each animal
was used for only one experimental condition.

Drugs

Morphine sulfate (TEMAD, Iran), naloxone hydro-
chloride (TEMAD, Iran) and nifedipine (Norton Health
Care, Germany) were dissolved in Tween 20 (0.5% in
distilled water). Morphine was administered subcutane-
ously (s.c.) while naloxone and nifedipine were given
intraperitoneally (i.p.) in a constant volume of 10 mL/kg
body weight. The control animals received the equiva-
lent volume of vehicle.

Chronic treatment with morphine

Morphine was injected s.c. daily at 08:00 and 18:00.
According to the schedule described by Kamei and
Ohsawa,** the morphine dose was increased progressively
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from 15 to 90 mg/kg over a period of 5 days, i.e. 1* day
(15and 15 mg/kg at 08:00 and 18:00, respectively), 2™
day (30 and 30), 3" day (45 and 45), 4* day (60 and 90)
and 5" day (90 mg/kg at 18:00 only). The control mice
received s.c. vehicle injections. For the induction of tol-
erance to morphine, mice received a similar chronic treat-
ment with morphine.

Chronic treatment with nifedipine

Nifedipine, (10 mg/kg, i.p.) or vehicle injections were
given once a day during the morphine treatment, the last
injection of nifedipine was given 24 h before morphine
withdrawal so that the effects of the chronic treatment,
rather than any acute actions, would be studied. Sepa-
rate groups of mice received nifedipine or vehicleinjec-
tions, but no morphine. For acute studies, nifedipine was
given | h after the last dose of morphine (1 h before
naloxone).

Morphine withdrawal

Withdrawal signs were precipitated by injecting
naloxone (5 mg/kg, i.p.) 2 h after the final injection of
morphine. Immediately after a naloxone injection, the
mice were individually placed in an observation box and
were observed for 30 min for the occurrence of with-
drawal-related behaviors. The signs of withdrawal were
evaluated either by scoring the intensity of the signs from
0 to 3 points (teeth chattering, hair raising, sniffing, fast
breathing and diarrhea) or by counting the number of
events (jumping and standing).
Tolerance to morphine was assessed at 24 h after the ces-
sation of chronic morphine treatment (see above). The
ataxic effects were measured using a rotating rod with a
rotation speed of 4.5 rpm. Injections of morphine were
given, and the mice were placed on the rotating rod at 15
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min intervals and the time spent on the rod measured.
The doses of morphine used in the rotorod test were cho-
sen on the basis of prior experiments to almost, but not
completely, prevent the ability of the naive mice to stay
on the rotating rod. Tolerance to this action would there-
fore be seen easily. A maximum time of 180 s was al-
lowed.

Statistics ]

Data from counted signs were assessed by one-way
analysis of variance (ANOVA), and if significance was
detected, post-hoc comparison test (Newman-Keuls) was
performed. Qualitative scores were analyzed with
Kruskal-Wallis one-way ANOVA followed by the Dunn’s
test for post-hoc comparisons. In all comparisons, p< 0.05
was considered significant.

RESULTS

Morphine-dependence and naloxone challenge

In chronically treated mice, naloxone administration
precipitated the standard behavioral signs of withdrawal
(jumping, standing, teeth chattering, hair raising, sniff-
ing, fast breathing and diarrhea) in morphine-treated
animals and did not trigger behavioral changes in saline-
injected control groups.

Effects of acute nifedipine in morphine withdrawal

The effects of acute nifedipine (10 mg/kg) on vari-
ous signs of withdrawal are illustrated in Fig. 1 and Table
I. Nifedipine significantly decreased the number of stand-
ings, hair raising and diarrhea in morphine-dependent
mice (p<0.01, compared with morphine alone) but had
no effects on other signs of withdrawal. In saline-injected
control groups, the injection of nifedipine did not trig-
ger any behavioural changes (data not shown).

Effects of chronic nifedipine in morphine withdrawal

When nifedipine (20 mg/kg) was given concurrently
with morphine it significantly reduced the following sings
of withdrawal: jumping, standing, teeth chattering, sniff-
ing, and fast breathing (Fig. 3 and Table II; p<0.05 com-
pared with vehicle-treated animals). Nifedipine at lower
dose of 10 mg/kg was also effective in reducing most of
the signs of withdrawal (Fig. 2).

Effects of chronic nifedipine on morphine tolerance

Mice receiving chronic treatment with morphine
showed maximal ataxic effects on day 1. However, the
animals developed tolerance to the ataxic effects of mor-
phine on day 3 and this effect was further increased on
day 5. Chronic nifedipine treatment (10 mg/kg, once
daily) had no significant effects on the development of
tolerance to the action of morphine in the rotarod test

(Fig. 4).
DISCUSSION

Chronic administration of opiates usually results in
physical dependence as measured by the appearance of
withdrawal symptoms after cessation of the drug, or when
an opiate antagonist is delivered. In the present study
the schedule of chronic morphine treatment produced tol-
erance and physical dependence which was exhibited by

“various qualitative (teeth chattering, hair raising, sniff-
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ing, fast breathing and diarrhea) and quantitative (jump-
ing and standing) signs, after injection of naloxone.

In the naloxone-precipitated withdrawal study, a
single injection of nifedipine (20 mg/kg) | h after the
last morphine injection (1h before naloxone) significantly
reduced the withdrawal-induced standings, hair raising
and diarrhea. Co-administration of nifedipine (10 or 20
mg/kg) during chronic morphine treatment, proved to be
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Fig. 3. Effects of chronic nifedipine (10 and 20 mg/kg) on
naloxone-precipitated withdrawal stands in naive (control) and
morphine-dependent mice. Morphine was given in increasing
doses (from 15 to 90 mg/kg) over a period of 5 days as de-
scribed in METHODS. Nifedipine or vehicle injections were
given once a day during the morphine treatment, the last in-
jection of nifedipine was given 24 h before the last morphine
injection. Separate groups of mice received nifedipine or ve-
hicle injections, but no morphine. The withdrawal was pre-
cipitated by naloxone (5 mg/kg), withdrawal signs were ob-
served for 30 min. Bars illustrate mean number of stands (+
S.E.M.) of 6 mice. * p<0.05, comparison between nifedipine
and vehicle controls using one-way ANOVA followed by
Newman-Keuls post-hoc comparison.
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Fig. 4. Effects of chronic nifedipine treatment (10 mg/kg) on
the development of tolerance in mice treated chronically with
morphine. Morphine was given in increasing doses (from 15
to 90°mg/kg) over a period of 5 days as described in METH-
ODS. Nifedipine or vehicle injections were given once a day
during the morphine treatment, the last injection of nifedipine
was given 24 h before the last morphine injection. Data are
the mean and S.E.M. of 6 mice.

more effective than the singleinjection in preventing the
morphine withdrawal syndrome in mice. The chronic
effect of nifedipine on morphine withdrawal syndrome
was unlikely to be due to its presence in the brain, as
nifedipine treatment was stopped 24 hours before the test.

The doses of nifedipine required to affect the morphine
withdrawal syndrome were lower than those which were
required for the cardiovascular actions of this compound.

The explanation for the effects of nifedipine may lie
in the involvement of calcium channels in various ac-
tions of opiates. Opioid drugs have acute actionsin block-
ing calcium channels, as well as activating potassium
channels, and these effects are thought to contribute to
their central actions.’® Chronic administration of mor-
phine and other opioid agonists has been shown by sev-
eral groups to produce an increase in brain calcium con-
centration as well as increase in the number of
dihydropyridine binding sites in membranes prepared
with dissected brain regions.?! Recent data has shown
that concurrent calcium channel antagonist administra-
tion with morphine prevents the naloxone-induced
upregulation of [*H]nitrendipine binding sites." In addi-
tion, acute administration of different types of calcium
antagonists given before naloxone precipitation has been
shown to completely block the abstinence syndrome in
morphine-dependent rats.'” The prevention of both in-
creased Bmax and the abstinence syndrome in morphine-
dependent animals suggests that the increase in calcium
channel numbercould be animportant adaptation mecha-
nism for counteracting the decrease in intraneuronal cal-
cium caused by morphine.

In the present study the chronic administration of
nifedipine failed to inhibit the development of tolerance
to the ataxic effects of morphine. Previous data concern-
ing the effects of calcium antagonists on the develop-
ment of tolerance to opiate drugs have been contradic-
tory. For example, Contreras et al. (1993) showed that

Table I1. The effects of chronic nifedipine treatment on naloxone-precipitated withdrawal signs in morphine depen-

dent mice.
» 7 #i Median behavioural scores
Treatments Teeth chattering | Hair Raising Sniffing Fast Breathing | Diarrhea
Morphine + Saline 3 3 3 3 2
2-3 3-3 3-3 1-3 0-3
Morphine +Nifedipine 0.5% 1* 2% & 2
(10mg/kg) 0-1 0-3 2-3 0-3 1-2
Morphine+Nifedipine " 1.8* 3 L5# e 1
(25mg/kg) [-3 1-3 1-2 0-2 0-2

Morphine was given inincreasing dose (from 15 to 90 mg/kg) over a period of 5 days as described in “METHODS”.
Nifedipine, (10 or 25 mg/kg) or vehicle injections were given once a day during the morphine treatment, the last
injection of nifedipine was given 24 h before the morphine withdrawal. Separate groups of mice received nifedipine
or vehicle injections, but no morphine. The withdrawal was precipitated by naloxone (5 mg/kg), withdrawal signs
were observed for 30 min. *p<0.05 vs. saline control using one-way ANOVA followed by Dunn’s post-hoc compari-
son. The results are the median scores for withdrawal signs (+ interquartile ranges in parenthesis).
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the acute tolerance to morphine, which is seen 30 h after
the first dose, was decreased by co-administration of
flunarizine, nifedipine or verapamil with morphine.
Diltiazem was also tested in this study but did not sig-
nificantly alter the tolerance. Decreased development of
tolerance to other opiate drugs has been reported with
calcium channel antagonists. Tolerance to the
antinociceptive and the respiratory depressant effects of
sufentanil was decreased when nimodipine was given
concurrently.'®*> More recently Michaluk et al (1998)
demonstrated that in rats, in which morphine injection
was proceeded by calcium channel antagonists nifedipine
and verapamil, no tolerance appeared at the end of the
experiment. In contrast, nimodipine in the study of these
authors did not prevent the development of tolerance. In
their previous studies, Antkiewicz-Michaluk et al. (1990)
investigated the effects of concurrent chronic treatment
with nifedipine on the development of morphine toler-
ance and withdrawal signs. Although no clear effect of
the nifedipine was seen in this study on the tolerance
development, no signs of abstinence were seen in rats
treated with morphine plus nifedipine, while rats given
morphine alone showed the characteristic withdrawal
signs. Quantification of the withdrawal severity by count-
ing head shakes indicated a significant decrease when
nifedipine was given. Nifedipine has a shorter duration
of action, and is removed from the body within 4h from
acute injection, so it is unlikely that the decrease in with-
drawal signs was due to acute action of residual
dihydropyridine; this was further supported by the lack
of effect of nifedipine on the action of morphine when
the opiate was given 24 h after dihydropyridine. The ef-
fect of nifedipine may therefore have been on the adap-
tive mechanisms responsible for the withdrawal signs.

In conclusion, the present study demonstrated
that both acute and chronic nifedipine injections
could prevent the signs of morphine withdrawal al-
though not to the same extent. These results pro-
vide additional evidence to support the involvement
of calcium channels in the adaptive mechanisms re-
sponsible for the withdrawal signs. Nifedipine in
current dose seems to be ineffective in affecting the
tolerance to the ataxic effects of morphine suggest-
ing a different mechanism of action for the devel-
opment of tolerance and dependence to morphine.
Further studies with various doses of nifedipine
could provide further clues for the exact effects of
this drug.

ACKNOWLEDGEMENT

This study was supported by a grant from the research
council of Isfahan University of Medical Sciences,
Isfahan, Iran.

256

REFERENCES

. DeLander GE, Portoghese PS, Takemori AE: Role of spi-
nal mu opioid receptors in the development of morphine
tolerance and dependence. J Pharmacol Exp Ther 231: 91-
96, 1984.

2. Aceto MD, Dewey WL, Portoghese PS, Takemori AE: Ef-
fects of beta-funaltrexamine (beta-FNNA) on morphine de-
pendence in rats and monkeys. Eur J Pharmacol 123: 387-
393, 1986.

3. Carpenter E, Gent JP, Peers C: Opioid receptor indepen-
dent inhibition of Ca** and K* currents in NG108-15 cells
by the kappa opioid receptor agonist U50488H.
Neuroreport 7:1809-1812, 1996.

4. Fields A, Gafni M, Oron Y, Sarne Y: Multiple effects of
opiates on intracellular calcium level and on calcium up-
take in three neuronal cell lines. Brain Res 687: 94-102,
1995.

5. Guerrero-Munoz F, Guerrero ML, Way EL: Effect of mor-
phine on calcium uptake by lysed synaptosomes. J
Pharmacol Exp Ther 211: 370-374, 1979.

6. Kanemasa T, Asakura K, Ninomiya M: kappa-opioid ago-
nist U50488 inhibits P-type Ca** channels by two mecha-
nisms. Brain Res 702: 207-212, 1995.

7. Moises HC, Rusin KI, Macdonald RL: Mu- and kappa-

opioid receptors selectively reduce the same transient com-

—

ponents of high-threshold calcium current in rat dorsal root
ganglion sensory neurons. J Neurosci 14: 5903-5916, 1994.

8. Morikawa H, Fukuda K, Kato S, Mori K, Higashida H: Cou-
pling of the cloned mu-opioid receptor with the omega-
conotoxin-sensitive Ca** current in NG108-15 cells. J
Neurochem 65: 1403-1406, 1995

9. Seward E, Hammond C, Henderson G: Mu-opioid-recep-
tor-mediated inhibition of the N-type calcium-channel cur-
rent. Proc R Soc Lond B Biol Sci 244: 129-135, 1991.

10. Toselli M, Tosetti P, Taglietti V: Mu and delta opioid re-
ceptor activation inhibits omega-conotoxin-sensitive cal-
cium channels in a voltage- and time-dependent mode in
the human neuroblastoma cell line SH-SYSY. Pflugers Arch
433: 587-596, 1997.

11. Nestler EJ, Aghajanian GK: Molecular and cellular basis
of addiction. Science 278:58-63, 1997.

12. Smith FL, Dombrowski DS, Dewey WL: Involvement of
intracellular calcium in morphine tolerance in mice.
Pharmacol Biochem Behav 62: 381-388, 1999.

13. Antkiewicz-Michaluk L, Michaluk J, Romanska I, Vetulani
J: Reduction of morphine dependence and potentiation of
analgesia by chronic co-administration of nifedipine. Psy-
chopharmacology (Berl) 111: 457-464, 1993.

14. Harris RA, Yamamoto H, Loh H, Way EL: Discrete changes
in brain calcium with morphine analgesia, tolerance-depen-
dence and abstinence. Life Sci 20: 501-506, 1977.

15. Ross DH, Kibler BC, Cardenas HL: Modification of gly-
coprotein residues as Ca2+ receptor sites after chronic etha-


https://mjiri.iums.ac.ir/article-1-690-en.html

[ Downloaded from mjiri.iums.ac.ir on 2026-06-10 ]

M. Rabbani, et al.

nol exposure. Drug Alcohol Depend 2: 305-315, 1977.

16. Diaz A, Ruiz F, Florez J, Hurle MA, Pazos A: Mu-opioid
receptor regulation during opioid tolerance and supersen-
sitivity inrat central nervous system. J Pharmacol Exp Ther
274: 1545-1551, 1995.

17. Diaz A, Ruiz F, Florez J, Pazos A, Hurle MA: Regulation
of dihydropyridine-sensitive Ca** channels during opioid
tolerance and supersensitivity in rats. J Pharmacol Exp Ther
274: 1538-1544, 1995.

18. Dierssen M, Florez J, Hurle MA: Calcium channel modu-
lation by dihydropyridines modifies sufentanil-induced
antinociception in acute and tolerant conditions. Naunyn
Schmiedebergs Arch Pharmacol 342: 559-565, 1990.

19. Michaluk J, Karolewicz B, Antkiewicz-Michaluk L,
Vetulani J: Effects of various Ca** channel antagonists on
morphine analgesia, tolerance and dependence, and on
blood pressure in the rat. Eur J Pharmacol 352:189-197,
1998.

20. Antkiewicz-Michaluk L, Michaluk J, Romanska I, Vetulani
J: Effect of repetitive electroconvulsive treatment on sen-
sitivity to pain and on [*H]nitrendipine binding sites in
cortical and hippocampal membranes. Psychopharmacol-
ogy (Berl) 101: 240-243, 1990.

21. Ramkumar V, el Fakahany EE: Prolonged morphine treat-
ment increases rat brain dihydropyridine binding sites:
possible involvement in development of morphine depen-
dence. Eur ] Pharmacol 146: 73-83, 1988.

22. Benedek G, Szikszay M: Potentiation of thermoregula-
tory and analgesic effects of morphine by calcium antago-
nists. Pharmacol Res Commun 16: 1009-1018, 1984.

23. Blackburn-Munro G, Brown CH, Neumann ID, Landgraf
R, Russell JA: Verapamil prevents withdrawal excitation
of oxytocin neurones in morphine-dependent rats. Neurop-

257

harmacology 39: 1596-1607, 2000.

24. Schnur P, Espinoza M, Flores R, Ortiz S, Vallejos S, Wain-
wright M: Blocking naloxone-precipitated withdrawal in
rats and hamsters. Pharmacol Biochem Behav 43: 1093-
1098, 1992.

25. Ben Sreti MM, Gonzalez JP, Sewell RD: Effects of el-
evated calcium and calcium antagonists on 6,7-
benzomorphan-induced analgesia. Eur J Pharmacol 90:
385-391, 1983.

26. Contreras E, Tamayo L, Amigo M: Calcium channel an-
tagonists increase morphine-induced analgesia and antago-
nize morphine tolerance. Eur J Pharmacol 148: 463-466,
1988.

27. Del Pozo E, Ruiz-Garcia C, Baeyens JM: Analgesic ef-
fects of diltiazem and verapamil after central and periph-
eral administration in the hot-plate test. Gen Pharmacol
21:681-685, 1990

28. Del Pozo E, Caro G, Baeyens JM: Analgesic effects of
several calcium channel blockers in mice. Eur J Pharmacol
137: 155-160, 1987.

29. Kamei J, Ohsawa M: Role of noradrenergic functions in
the modification of naloxone-precipitated withdrawal jump-
ing in morphine-dependent mice by diabetes. Life Sci 60:
[.223-1.228, 1997.

30. Sugita S, North RA: Opioid actions on neurons of rat lat-
eral amygdala in vitro. Brain Res 612: 151-155, 1993.

31. Little HJ: The role of calcium channels in drug depen-
dence. Drug Alcohol Depend 38: 173-194, 1995.

32. Ruiz F, Dierssen M, Florez J, Hurle MA: Potentiation of
acute opioid-induced respiratory depression and reversal
of tolerance by the calcium antagonist nimodipine in awake
rats.Naunyn Schmiedebergs Arch Pharmacol 348:633-637,
1993.


https://mjiri.iums.ac.ir/article-1-690-en.html

[ 0T-90-920z Uo JrJeswni uifw woiy pepeojumod ]


https://mjiri.iums.ac.ir/article-1-690-en.html
http://www.tcpdf.org

