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ABSTRACT

Introduction: The GABAergic system of the brain plays a key role in morphine tolerance and
sensitization. As isoniazid is a modulator of the GABAergic system, the present study aims to
understand whether isoniazid can influence the induction of tolerance and sensitization to the
rewarding effects of morphine.

Methods: The rewarding effects of morphine and isoniazid were assessed using a Conditioned
Place Preference (CPP) procedure in female mice. Tolerance to the rewarding effects of
morphine was induced with high-dose morphine (25 mg/kg, SC), twice a day, for four days.
Also, the sensitization was induced with an effective dose of morphine (5 mg/kg, SC), once a
day, for three days. During the induction of tolerance or sensitization, the different groups of
mice received saline or isoniazid (25, 50, and 75 mg/kg, IP) one hour before each morphine
injection.

Results: Morphine (0.5-10 mg/kg, SC) produced a significant CPP, but isoniazid (25, 50, and
75 mg/kg, IP) did not induce place preference or place aversion in mice. Although an effective
dose of morphine (5 mg/kg, SC) did not induce CPP in morphine tolerated mice, an ineffective
dose (0.5 mg/kg, SC) could produce a significant CPP in morphine-sensitized animals.
The administration of isoniazid before morphine (on the days of tolerance or sensitization
induction) inhibited the development of tolerance or sensitization to the rewarding effect of
morphine in the CPP paradigm.

Conclusion: Isoniazid can be a useful drug for the prevention of tolerance and sensitization to
the rewarding effects of morphine.
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Highlights
e Morphine, but not isoniazid, induced a significant conditioned place preference.

e Isoniazid inhibited the tolerance and sensitization to the rewarding effects of morphine, which was assessed by the
conditioned place preference procedure.

e The lowest dose of isoniazid (25 mg/kg, IP) was the most effective dose for the prevention of morphine tolerance
and sensitization.

Plain Language Summary

Morphine is an important drug for pain relief. However, this drug influences the brain’s reward system and produces
rewarding effects. The rewarding effects of morphine are the main reason for its abuse. Also, the repeated adminis-
tration of morphine can cause sensitization or tolerance to its rewarding effects. The rewarding effects of morphine
increase in sensitization. On the contrary, morphine’s rewarding effects decrease, when tolerance occurs. Sensitization
and tolerance are involved in addiction to morphine. Therefore, it is essential to find new drugs to prevent morphine
tolerance and sensitization. Isoniazid is a drug used for the treatment of tuberculosis. By entering the brain, this drug
also affects the brain. In this research, the effects of isoniazid on the tolerance and sensitization to the rewarding effects
of morphine were evaluated, using a conditioned place preference procedure. This is a simple procedure for evaluating
the rewarding effects of drugs, including morphine. The results showed that isoniazid could inhibit the induction of
tolerance and sensitization to the rewarding effects of morphine. Therefore, isoniazid may be a good candidate for the

treatment of addiction to morphine.

1. Introduction

orphine as an opioid has some crucial

medical applications, including anes-

thesia, pain management, and the relief

of acute pulmonary edema (Katzung,

2017). However, because of its euphoric
effects, morphine abuse has remained a global problem
(Compton & Volkow, 2006; McCabe, West, & Boyd,
2013; Negus & Miller, 2014). Prolonged morphine use
for medical or recreational purposes can lead to toler-
ance or sensitization to its analgesic and rewarding ef-
fects (Katzung, 2017; Stewart & Badiani, 1993). The
drug tolerance forcefully leads to the increase of drug
dosage in order to get the previous pharmacological ef-
fects. Tolerance to the rewarding effects of morphine
causes morphine-dependent people to take higher doses
of this drug to achieve the previously experienced eupho-
ria (Koob & Le Moal, 2001). Notably, the possibility of
tolerance induction to the euphoric or rewarding effects
of morphine is high (Katzung, 2017). In other words, the
development of tolerance is always a life-threatening
risk in opioid-dependent subjects. For example, a high
death rate of opioid overdose usually occurs among the
former prisoners with opioid tolerance (Binswanger,
Blatchford, Mueller, & Stern, 2013).

Alternatively, using morphine can also result in another
problem referred to as sensitization. Since sensitization
increases the pharmacological effects of a drug, it can
be considered as the opposite of tolerance (Koob & Le
Moal, 2001; Stewart & Badiani, 1993; Van Ree, Gerrits,
& Vanderschuren, 1999). An ineffective dose of mor-
phine acquires a highly rewarding property when sen-
sitization to the rewarding effects of morphine occurs.
Previous studies have shown that an ineffective dose of
morphine could induce Conditioned Place Preference
(CPP) in morphine-sensitized animals (Azizi, Hagh-
parast, & Hassanpour-Ezatti, 2009; Sahraei et al., 2006).
Also, the role of sensitization in the induction of mor-
phine craving has been established in previous studies.
Importantly, evidence indicates that morphine craving
may pave the way for the addiction to the drug (Robin-
son & Berridge, 1993).

Isoniazid is a derivative of hydrazine; it is a drug of
choice as a first-line defense against active and latent tu-
berculosis (Shi, Itagaki, & Sugawara, 2007). Apart from
its antibacterial effects, this drug can influence the brain
by crossing the blood-brain barrier (Nau, Sorgel, & Ei-
ffert, 2010). For instance, isoniazid had mood-enhancing
and euphoric effects on patients with tuberculosis (Lo-
renz, Calden, & Ousley, 1953; Salzer & Lurie, 1953).
One of the main mechanisms by which isoniazid influ-
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ences the brain is the modulation of the GABAergic
system. Research indicates that isoniazid in high doses
decreases the GABA levels of the brain and induces con-
vulsions (Aschinde et al., 2018; Gupta, Dua, Kazmi, &
Anwar, 2014; Patil, Patil, Patil, & Jadhav, 2011). How-
ever, some studies showed that low-dose isoniazid has
GABA-clevating effects (Perry & Hansen, 1973; Perry,
Urquhart, Hansen, & Kennedy, 1974). In this regard,
some researchers suggested that isoniazid might be a
useful drug for the treatment of Huntington disease (Per-
ry, Wright, Hansen, & MacLeod, 1979).

CPP is a procedure that has been widely used to assess
the rewarding properties of addictive drugs, including
morphine (Tzschentke, 1998; Zarrindast & Rezayof,
2007). Also, this procedure has been used for the evalu-
ation of tolerance and sensitization to the rewarding ef-
fects of morphine (Chefer & Shippenberg, 2009; Sah-
raei et al., 2006). Drugs affecting the GABAergic system
of the brain can modulate the morphine rewarding effects
(Tzschentke, 1998; Zarrindast & Rezayof, 2007). The
GABAergic agents can also alter the morphine-induced
tolerance and behavioral sensitization (Alavian & Ghias-
vand, 2017; Bartoletti, Ricci, & Gaiardi, 2007; Fu, Yang,
Xiao, Zhao, & Huang, 2012). As mentioned above, we
can consider isoniazid as a GABAergic agent. Hence, the
main purpose of the present study was to evaluate the ef-
fects of isoniazid on tolerance and sensitization to the re-
warding properties of morphine, using a CPP paradigm.

2. Materials & Methods
2.1. Animals

In the present study, female NMRI mice within a weight
range of 20 to 25 g at the beginning of the experiments
were used. The mice were purchased from the Razi Vac-
cine and Serum Research Institute (Karaj City, Iran)
and transported to the animal house of the University of
Maragheh, Maragheh City, Iran. The animals were kept in
groups of 10 mice per polycarbonate cage in the vivarium.
The vivarium met the standard conditions for keeping the
laboratory animals: a light-dark cycle with a 12:12 h pe-
riod (illumination at 7:00 AM), the room humidity about
70%, and a temperature of 22+2°C. The laboratory ani-
mals had free access to the standard rodent food pellets
and tap water. The ethical issues were considered in all
experimental procedures on laboratory animals. After 10
days of acclimatization, the mice were randomly allocat-
ed to different experimental groups of 8. The animals used
in each part of the experiments were naive.
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2.2. Drugs

Morphine sulfate ampoules (Darou Pakhsh Pharma-
ceutical Mfg. Co., Tehran, Iran) and isoniazid powder
(Solarbio, China) were used in the experiments. Isonia-
zid was dissolved in normal saline just before the injec-
tions and administered in the doses of 25, 50, and 75 mg/
kg. The different doses of morphine (0.5-10 mg/kg) were
prepared by diluting the ampoules of morphine sulfate
(10 mg/mL). The injection volume of isoniazid and mor-
phine was 10 mL/kg. The mice received morphine Sub-
cutaneously (SC) and isoniazid Intraperitoneally (IP).

2.3. CPP apparatus

In the present research, 8 identical CPP apparatus simi-
lar to those used by Sahraei's research group (Sahraei et
al., 2007) were used. Each apparatus included a rectan-
gular wooden cube (30x15%15 cm) that consisted of two
identical adjacent cubic compartments (15x15%15). One
side of the apparatus colored white and the other side
black to provide different visual stimuli in two sides.
Also, the floors of the two compartments had different
textures. The white compartment had a smooth floor, but
there was a stainless steel mesh on the floor of the black
side. The two compartments were separated with a guil-
lotine door to prevent the free movement of animals be-
tween the two parts, in the case of necessity. Whenever it
was needed, the guillotine door was removed and the an-
imals were allowed to pass freely between the two parts
of the device. Moreover, it was shown in a pilot study
that the mice had a relative preference for the black side
of the apparatus, thus, a biased CPP procedure was used
in our experiments. The animals were conditioned to the
non-preferred side of the apparatus (the white part).

2.4. Place conditioning procedure

The CPP procedure used in the experiments was simi-
lar to that of the Sahraei's procedure with a few modifi-
cations (Sahraei et al., 2007). It comprised four consecu-
tive phases lasting six days in each place conditioning
period:

1. Adaptation: In this phase, each animal was placed
separately in the apparatus for 10 minutes (guillotine
door was removed), and had free access to both com-
partments.

2. Preconditioning: This phase was the same as the
previous one. The only difference was the measurement
of the time each animal spent in the white compartment
with a chronometer. The crossing of mice’s forepaws
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and heads from one compartment to the other one was
considered as the placement of the animal on that side.

3. Conditioning: This phase consisted of six condition-
ing sessions (three sessions for saline pairing and three
sessions for drug pairing) that were performed during
three consecutive days; on each day, two conditioning
sessions were conducted at 9:00 AM and 3:00 PM. There
was a 6-hour interval between the morning and afternoon
conditioning sessions to ensure that the effect of the drug
was lost until the second conditioning session. On the
conditioning days (days 3-5 of CPP), the two compart-
ments were separated from each other with the guillotine
door. On day one, in the morning conditioning session,
each animal received the drug (morphine or isoniazid)
and was immediately placed into the white compartment
for 40 minutes. In the afternoon session, the animals re-
ceived saline and were confined to the black side of the
device for the same period (40 min). On day two of the
conditioning phase, the order of conditioning session
was reverse of the first conditioning day (ie, the animals
received saline in the morning conditioning session and
experienced the drug’s effects in the afternoon condition-
ing session). Conditioning sessions on the third day were
just like the first day of the conditioning phase.

4. Postconditioning or test phase: In this phase, first,
the guillotine door was removed. Then, each animal was
separately placed in the apparatus for 10 minutes, and
the time that each mouse spent in the drug-paired com-
partment (the white part of the apparatus) was recorded.

The difference of the spent times in the drug-paired
compartment (the white part of the device) between the
preconditioning and postconditioning phases (the change
in preference) was considered as the conditioning score.

2.5. Methods of morphine tolerance and sensitiza-
tion induction

The methods for the induction of sensitization and toler-
ance to the rewarding effects of morphine were similar to
those used by Sahraei (Sahraei et al., 2006). In a room dif-
ferent from the conditioning room, each animal received
an effective dose of morphine (5 mg/kg, SC) once a day
for three consecutive days. The animals were immedi-
ately returned to the vivarium after each injection. For the
next five days, the animals received no treatment. At last,
conditioning procedure began for the ineffective doses of
morphine (0.5 mg/kg), from the ninth day of the experi-
ment, as described before. For tolerance induction, the
high doses of morphine (12.5, 25, 50 mg/kg) were inject-
ed into different groups of animals, twice a day (9:00 AM
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and 3:00 PM) for four consecutive days. After each injec-
tion, the animals were returned to the vivarium. Then, the
induction of CPP was begun with the effective dose of
morphine (5 mg/kg), on the fifth day of the protocol.

2.6. Measurement of locomotor activity

At the 10-minute sessions of the test day, in addition
to the measurement of the time in the drug-paired com-
partment, the locomotor activity of each animal was re-
corded. Achieve this, the floor of both sides of the device
was divided into four equal square parts with two per-
pendicular lines (like a plus sign). Each time a mouse
crossed a line and entered from one square to another
one, one score added to its locomotor activity. The pres-
ence of mice’s heads and forepaws on each square part
considered as the mice’s entry to that part.

2.7. Study design

Experiment 1: The establishment of a dose-response
relationship for morphine and isoniazid-induced condi-
tioned place preference

Six groups of mice received saline (control) and mor-
phine (0.5, 1, 2.5, 5, and 10 mg/kg, SC). The control
group was involved in the experiments to ensure that the
conditioning schedule or physical effect of injections did
not influence the conditioning score. Besides, the differ-
ent doses of isoniazid (25, 50, and 75 mg/kg, IP) were
administered to three groups of animals to investigate
whether isoniazid could induce any CPP or CPA (condi-
tioned place aversion). Here, the control group received
saline intraperitoneally.

Experiment 2: The establishment of a dose-response
relationship for the induction of tolerance to the reward-
ing effects of morphine

Four groups of animals received high doses of mor-
phine (12.5, 25, and 50 mg/kg, SC) and saline (control),
twice a day, for four consecutive days. Next, the induc-
tion of CPP was begun with an effective dose of mor-
phine (5 mg/kg, SC) on the fifth day of this experiment.
This part of the experiments aimed to find the optimum
dose of morphine for tolerance induction.

Experiment 3: The effect of isoniazid on the induction of
morphine tolerance with the optimum high dose of morphine

During the days of tolerance induction, four groups of
animals received saline or isoniazid (25, 50, and 75 mg/
kg, IP), one hour before receiving the high dose of mor-
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phine (25 mg/kg, SC). Then, on the fifth day of this exper-
iment, the induction of morphine CPP was commenced
with the effective dose of morphine (5 mg/kg, SC).

Experiment 4: The effects of isoniazid on the induction
of morphine sensitization

During the induction of sensitization, the mice were in-
traperitoneally treated with the saline or isoniazid doses
of 25, 50, and 75 mg/kg, one hour before receiving mor-
phine (5 mg/kg, SC). Next, the animals had a five-day
interval with no treatment. The induction of CPP for the
ineffective dose of morphine (0.5 mg/kg) was begun by
one day following this stage. One hour after receiving
the intraperitoneal injections of saline or isoniazid (25,
50, and 75 mg/kg), four other groups of mice were treat-
ed with saline (1 mL/kg). The purpose was to illustrate
that saline could not induce sensitization.

2.8. Statistical analysis

The quantitative data, including change in preference
(as conditioning score) and the locomotor activity, were
expressed as Mean+=SEM. For revealing any statistically
significant difference between different experimental
groups, the one-way ANOVA test was conducted in the
SPSS V. 18. If the P-value was less than 0.05, the differ-
ence would be considered significant. When the one-way
ANOVA showed a significant difference, the LSD post
hoc test was performed to compare the control and ex-
perimental groups.

N}
I
s}

N
=}
S}
*
*
*

@
o

*

.g.gﬁm

salin 0.5 1 2.5 5 10

o
=]

«
o

change in preference (seconds)

o

morphine (mg/kg)

Figure 1A

Figure 1. The one-way ANOVA results

A. Effects of Morphine; or B. Isoniazid on the Induction of CPP
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3. Results
3.1. Morphine dose-response for CPP

In this part of the experiments, the mice were condi-
tioned with the different doses of morphine (0, 0.5, 1,
2.5, 5, and 10 mg/kg, SC). One-way ANOVA showed
a significant difference in the change in preference
scores between the saline and morphine-treated animals
(F,,,=8.1, P<0.001) (Figure 1A). Among the morphine
doses that induced a significant CPP (2.5, 5, and 10
mg/kg, SC), 5 mg/kg dose was the most effective one.
Therefore, in the next parts of the research, 5 mg/kg of
morphine was selected as the effective dose of morphine
for the induction of CPP. Also, the one-way ANOVA in-
dicated no significant difference in the locomotor activ-
ity among the different groups that received the graded
doses of morphine and saline (F, ,,=0.4, P=0.77).

542

3.2. Isoniazid dose-response for CPP

In this experiment, four groups of mice received saline
or isoniazid (25, 50, and 75 mg/kg, IP) in the condition-
ing phase of CPP. The one-way ANOVA revealed a
significant difference in the conditioning scores among
the different groups that received saline and isoniazid
(F,,,=3.7, P=0.02) (Figure 1B). However, the post hoc
test showed that none of the isoniazid-treated groups sig-
nificantly differed from the saline-treated group. More-
over, on the test day, a significant decrease in the locomo-
tor activity was observed in isoniazid groups, compared
with the saline-treated group (F,,.=13.5, P<0.001).
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Figure 1B

Animals received the different doses of morphine (0.5, 1, 2.5, 5, and 10 mg/kg, SC) or isoniazid (25, 50, and 75 mg/kg, IP) in the
conditioning phase of the CPP paradigm. The change in preference was calculated for the mice of each group for 10 minutes.
Each point shows the Mean+SEM of the change in preference for eight mice.

*P<0.05; ***P<0.001 compared with the saline control group.
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Figure 2. Effects of the Different High Doses of Morphine
on the Induction of Tolerance to the Rewarding Effects of
Morphine

Three groups of mice received high doses of morphine (12.5,
25, and 50 mg/kg, SC) twice a day for four days. The induc-
tion of CPP was commenced with the effective dose of mor-
phine (5 mg/kg, SC) on the fifth day of the experiment. Each
point shows the Mean+SEM of the change in preference for
eight mice;

***P<0.001 compared with the saline control group.

3.3. Dose-response effect of morphine on the in-
duction of tolerance to rewarding effects

The administration of the high doses of morphine (12.5,
25, and 50 mg/kg) to the different groups of mice (during
tolerance induction) significantly prevented the induction
of CPP with the effective dose of morphine (5 mg/kg, SC)
(F;,s=20.23, P<0.001) (Figure 2). Also, the analysis of
the locomotor activity on the test day showed a significant
difference in the locomotor activity between the mice that
received saline and those treated with the high doses of
morphine on the days of tolerance induction (F , ,.=5.33,
P<0.01). The LSD post hoc test indicated that bnly the
highest dose of morphine (50 mg/kg) had a significant ef-
fect on the locomotor activity on the test day.

3.4. Isoniazid effects on the induction of tolerance
with the optimum high dose of morphine

The administration of isoniazid (25, 50, and 75 mg/kg,
IP) one hour before morphine (25 mg/kg, SC), during
tolerance induction, completely prevented the develop-
ment of tolerance to the rewarding effects of morphine
(F,,,=23.21, P<0.001) (Figure 3). The lowest dose of
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Figure 3. Effects of Isoniazid on Tolerance Induction With
the High-Dose of Morphine

Tolerance was induced in three groups of mice by the injec-
tion of the high dose of morphine (25 mg/kg) twice a day
for four days. One hour before the administration of the high
doses of morphine, these groups of mice received the differ-
ent doses of isoniazid (25, 50, and 75 mg/kg, IP). On the fifth
day of the experiment, the CPP was induced by an effective
dose of morphine. Each point shows the MeantSEM of the
change in preference for eight mice;

*** P<0.001 compared with the saline control group.

isoniazid (25 mg/kg) had the highest tolerance-preven-
tive effect. Moreover, the measurement of the locomotor
activity on the test day showed no significant difference
in the locomotor activity among the different groups
(F,,=1.47,P=0.247).

3.5. Isoniazid effects on the induction of sensitiza-
tion with the effective dose of morphine

Isoniazid injection (25, 50, and 75 mg/kg, IP) one hour
before the administration of morphine (5 mg/kg, SC
once a day for three days) prevented the acquisition of
sensitization in three groups of mice compared with the
saline-treated group (F,,=8.05, P<0.001) (Figure 4).
Again, the lowest dose of isoniazid inhibited the mor-
phine sensitization more effectively compared with the
other doses of isoniazid. On the other hand, the one-way
ANOVA indicated no significant change in the locomo-
tor activity on the test day (F, ;=1.66, P=0.138).

4. Discussion

The present research aimed to evaluate the effects of
isoniazid on the tolerance and sensitization to the re-
warding effects of morphine. Both tolerance and sensi-
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Figure 4. Effects of Isoniazid on the Acquisition of Sensitiza-
tion to Morphine or Saline

One hour after the administration of isoniazid (25, 50, and
75 mg/kg, IP) to three groups of mice, the animals received
an effective dose of morphine (5 mg/kg, SC). Three other
groups of mice received saline (10 mL/kg), one hour after
the administration of the same doses of isoniazid. After a
5-day interval, the induction of CPP carried out with the in-
effective dose of morphine (0.5 mg/kg), for all the animals.
Each point shows the Mean+SEM of the change in prefer-
ence for eight mice;

** P<0.01 compared with the morphine control group;

###P<0.001 compared with the saline control group.

tization as the habit-forming phenomena play important
roles in drug-taking behavior in the long term. The first
part of the experiments, as a basis for the other experi-
ments, showed that morphine could induce a significant
CPP in mice. The result indicates the rewarding effects
of morphine because the CPP paradigm is a well-known
procedure for the evaluation of the rewarding effects
of drugs (Tzschentke, 1998). This finding agrees with
many previous experiments showing that morphine
could induce CPP in both sexes of different rodents or
non-rodents (Bardo & Bevins, 2000; Tzschentke, 1998;
Wang et al., 2012). In our experiments, 5 mg/kg (SC) of
morphine led to the highest conditioning scores.

This dose differs from the effective dose for the induc-
tion of CPP reported in some previous research (Do Cou-
to, Aguilar, Manzanedo, Rodriguez-Arias, & Minarro,
2003; Manzanedo, Aguilar, Rodriguez-Arias, & Mi-
farro, 2001). The discrepancies can be ascribed to the
differences in the conditioning procedures, the strain of
animals, and the apparatus that were used by the other re-
search teams.

July, August 2020, Volume 11, Number 4

The morphine-treated and saline-treated animals did
not significantly differ in the locomotor activity, on the
test day. Thus, the difference in the conditioning scores
has not resulted from the morphine’s effects on the lo-
comotor activity of the animals. Also, the administra-
tion of the different doses of isoniazid induced no CPP
or CPA to the drug-paired compartment. To the best of
our knowledge, it is the first time that isoniazid has been
used as a conditioning stimulus in place preference/aver-
sion paradigm. Isoniazid at high doses inhibits GABA
synthesis and depletes the GABA contents of the brain.
Consequently, this drug can induce seizures by inhibit-
ing GABA transmission (Aschinde et al., 2018; Patil
et al., 2011). However, we used low doses of isoniazid
that unlike the high doses can increase the GABA levels
in the brain (Perry & Hansen, 1973). Hence, low-dose
isoniazid can act as an indirect GABA agonist. The GA-
BAergic drugs diversely affect the place conditioning.
Some of these agents did not induce CPP, while oth-
ers produced place preference or even place aversion
(Tzschentke, 1998). Therefore, GABAergic agents have
complicated effects on the reward.

In the next phase of the present research, it was shown
that the administration of isoniazid before morphine in-
hibits the induction of tolerance to the rewarding effects
of morphine. In line with our results, previous research
showed that topiramate (acting as an agonist of the GA-
BAA and GABAB receptors) inhibited the acquisition of
tolerance to the locomotor-activating effects of high-dose
morphine (Javadzadeh et al., 2017). Also, it was found
that the administration of GABAergic agents into the cen-
tral nucleus of the amygdala modulated the acquisition
and expression of morphine tolerance in rats (Alavian &
Ghiasvand, 2017). Furthermore, the different GABAergic
agents have different effects on tolerance to the analgesic
effects of morphine (Sivam & Ho, 1985). The release of
dopamine by morphine is a dose-dependent process, and
the effects of morphine on dopamine release seems to be
biphasic (Maisonneuve, Warner, & Glick, 2001).

On the other hand, the induction of tolerance increas-
es the basal dopamine levels in the nucleus accumbens
(Johnson & Glick, 1993). By binding to the mu-opioid
receptors on the GABAergic interneurons of VTA (ven-
tral tegmental area), morphine inhibits these neurons and
removes the inhibition of the dopaminergic neurons of
the VTA. Consequently, the dopamine release increases
in the nucleus accumbens (Maisonneuve et al., 2001; Xi
& Stein, 2002). It seems that the pretreatment with isonia-
zid decreases the amount of dopamine release with high
doses of morphine by increasing the GABAergic tone in
the VTA. Therefore, morphine could not induce tolerance.
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Consistent with this speculation, the administration of an
indirect GABA agonist (y-vinyl-GABA) into the VTA,
but not into the nucleus accumbens, prevented heroin
self-administration (Xi & Stein, 2000); the elevation of
GABA by these agents likely inhibited the heroin-induced
dopamine release in the nucleus accumbens (Gerasimov
et al., 1999).

Sensitization to the effects of morphine is mediated
through the different brain regions and neurotransmitter sys-
tems (Aguilar, Manzanedo, Do Couto, Rodriguez-Arias,
& Minarro, 2009; Chefer & Shippenberg, 2009; Farah-
mandfar, Zarrindast, Kadivar, Karimian, & Naghdi, 2011;
Fu et al.,, 2012; Listos et al., 2016; Manzanedo, Aguilar,
Do Couto, Rodriguez-Arias, & Mifarro, 2009; Sahraei
et al., 2006; Vigano et al., 2003). the GABAergic system
is among the neurotransmitter systems with an important
role in the sensitization. This statement is supported by
studies on laboratory animals indicating the alteration of
morphine-induced behavioral sensitization by the adminis-
tration of GABAergic agents (Bartoletti, Ricci, & Gaiardi,
2007; Fu et al., 2012; Zarrindast et al., 2007). On the other
hand, the induction of morphine sensitization could alter
the effects of morphine on the GABA levels in the sensi-
tized animals (Farahmandfar et al., 2011).

The present results showed that the isoniazid pretreat-
ment abolished the influence of the effective dose of
morphine on the induction of sensitization. One may
speculate that isoniazid by increasing the brain’s GABA
levels may prevent the effects of morphine in decreasing
GABA levels in the VTA. Therefore, during the induc-
tion of sensitization, the effective dose of morphine could
not induce dopamine release in the nucleus accumbens,
thus, it could not induce sensitization. Consistent with
this hypothesis, the administration of GABAB agonist
(baclofen) inhibited the development and expression of
morphine-induced behavioral sensitization in rats, by de-
creasing dopamine levels in the nucleus accumbens (Fu
et al., 2012). Also, the administration of gamma-vinyl
GABA (an irreversible GABA-transaminase) before
heroin inhibited the heroin-induced dopamine release in
the nucleus accumbens of rats (Gerasimov et al., 1999).

However, it seems to be a raw idea: on one hand, the
GABAergic system is widely dispersed in the brain
(Hampe, Mitoma, & Manto, 2017); on the other hand,
different brain regions may be involved in the sensitiza-
tion (Etemadi et al., 2004; Farahmandfar et al., 2011).
Therefore, considering the systemic administration of
isoniazid in the present investigation, we cannot conclu-
sively attribute the effects of the isoniazid on morphine
sensitization to its effects on a single region of the brain.

Basic and Clinical

The use of direct or indirect GABA agonists have
shown promising results in the treatment of the alcohol,
cocaine, nicotine, and opiate addictions (Brebner, Ahn, &
Phillips, 2005; Brodie, Figueroa, & Dewey, 2003; Cous-
ins, Roberts, & de Wit, 2002; Di Ciano & Everitt, 2003;
Peng et al., 2008; Xi & Stein, 2000). In the present study,
isoniazid effectively prevented tolerance and sensitiza-
tion to the rewarding effects of morphine. The isoniazid
doses used in the present research were relatively low.
In conclusion, it seems that isoniazid, at least in part, is
a useful agent for the treatment of morphine addiction.
More investigations are required before isoniazid can be
used in the treatment of diseases other than tuberculosis.
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