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Abstract:

Background: Long-term exposure to opiates induces physical dependence; however, the neurobiological mechanisms of this phe-

nomenon are not completely clear. The purpose of this study was to evaluate the effects of systemic and intracerebroventricular (icv)

administration of selegiline (a selective inhibitor of monoamine oxidase B) on the morphine withdrawal syndrome in rats.

Methods: To this aim, adult male Sprague Dawley rats were selected randomly, and then growing doses of morphine were adminis-

tered subcutaneously at an interval of 12 h for nine days with the intention of inducing dependency. Nine days after, only the morning

dose of morphine was administered, followed by systemic or central injection of saline or selegiline. Later, naloxone was injected

after 30 min and withdrawal signs recorded for a period of 60 min.

Results: Results showed failure of systemic administration of selegiline in changing the withdrawal symptoms; nevertheless, icv

injection attenuated the withdrawal signs significantly.

Conclusion: In conclusion we found that central administration of selegiline attenuated morphine withdrawal symptoms
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Introduction

Long term administration of opioids can alter the cen-

tral pain-related systems and results in opioid depend-

ence. Dependence is a behavioral state requiring con-

tinued drug administration to avoid a series of aver-

sive withdrawal syndromes. Owing to its involvement

in several mental and neurological disorders, dopa-

mine is one of the most intensely studied neurotrans-

mitters in the brain. Dopaminergic neurons, for exam-

ple, play a crucial role in the reward system that con-

Pharmacological Reports, 2013, 65, 593�599 593

Pharmacological Reports
2013, 65, 593�599
ISSN 1734-1140

Copyright © 2013
by Institute of Pharmacology
Polish Academy of Sciences



trols learning of many specific behaviors [29].

Neurochemical changes in the nucleus accumbens

following systemic morphine administration in rats

have been reported by Rada et al., who showed an in-

crease in dopamine and a simultaneous decrease in

acetylcholine after a single dose of the drug admini-

stration [29]. In contrast, naloxone administration in

rats rendered unresponsive or tolerant by long-term

effects of morphine, resulted in decreased dopamine

and increased acetylcholine levels [29]. In the mean-

time, Sepúlveda et al. demonstrated an increased re-

lease of glutamate in the nucleus accumbens of

morphine-tolerant rats following naloxone admini-

stration [33]. Drugs of abuse have been shown to pro-

duce long-term changes in the dopaminergic system,

which may have important implications for the design

of treatment strategies. There have been reported

changes in dopamine efflux in brain slices studied 3–5

days after the onset of morphine withdrawal [5]. In

brain slices obtained from the striatum, electrically

evoked efflux of dopamine is diminished for up to 3

weeks following withdrawal from chronic morphine

treatment [36]. In addition, our recent studies have

shown that the neuroprotective agents could prevent

morphine-induced tolerance and dependence [8, 10,

12, 14–16]. Selegiline, an irreversible and selective

inhibitor of monoamine oxidase B (MAO-B), has tro-

phic and neuroprotective effects on dopaminergic

neurons, which appear to be independent of

monoamine oxidase inhibition [30]. The latter mode

of action may explain the ability of chronic treatment

with selegiline to enhance dopaminergic function in

rats [20]. Because of evidence for decreased dopamin-

ergic function during the withdrawal syndromes asso-

ciated with opiates, this study aims to investigate the

effects of pre-treatment with selegiline on morphine-

induced withdrawal symptoms either intraperitoneal

(ip) or intracerebroventricular (icv).

Materials and Methods

Animals

In our study, male Wistar rats were utilized, weighing

between 250–300 g. They were kept in a controlled

temperature room (24 ± 0.5°C) and maintained on

a 12-h light/dark cycle while having free access to

food and water. All experiments were executed in ac-

cordance with the Guide for the Care and Use of

Laboratory Animals (National Institutes of Health

Publication No. 85–23, revised 1985) and were ap-

proved by the Research and Ethics Committee of the

Tabriz University of Medical Sciences.

Experimental groups

Rats were randomly divided into 11 groups:

1) One chronically normal saline solution (1 ml/kg

bw, ip) treated group (n = 8).

2) One chronically subcutaneously (sc) morphine

and saline solution (1 ml/kg, ip) treated group (n = 8):

Control for systemic administration of selegiline.

3) One chronically morphine (sc) and saline solu-

tion (10 µl/rat, icv) treated group (n = 8): Control for

icv administration of selegiline

4) Three chronically morphine (sc) and selegiline

(10, 20 or 40 mg/kg bw, ip) treated groups (n = 8).

5) Three chronically morphine (sc) and selegiline

(25, 50 or 100 µg/5 µl/rat, icv) treated groups (n = 8).

6) Two chronically selegiline (40 mg/kg bw, ip) or

selegiline (50 µg/5 µl/rat, icv) alone treated groups

(n = 8).

Intracerebroventricular cannula implantation

For icv treatment, rats were anesthetized with sodium

pentobarbital (50 mg/kg bw, ip) (Merck, Germany)

and stereotaxically implanted with a stainless steel

guide cannula (23 gauge) into the lateral cerebral ven-

tricle (coordinates, –0.8 mm posterior, –1.3 mm mid-

line to lateral and 3.5 mm ventral ) with respect to the

bregma [27]. A stainless steel guide (30 gauge) was

placed into the guide cannula as a dummy cannula to

maintain the patency. After surgery, a recovery period

of 7 days was allowed before the beginning of the ex-

periment. During the recovery period, animals were

habituated to the testing environment. This process

included being transferred to the experimental room

and handled, weighed and restrained on the test plat-

form for 1 min with gentle removal and replacement

of the dummy cannula (twice per day). Furthermore,

testing was started after a recovery period of 7 days in

all groups.
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Histological verification of cannula placement

At the end of all behavioral experiments, methylene

blue solution (5 µl/rat, icv) was injected into animals,

and then they were euthanized with pentobarbital fol-

lowed by decapitation. The brain of each animal was

dissected out and cut along the coronal plane to verify

the placement of the guide cannula and the distribu-

tion of the methylene blue in the ventricles after the

behavioral tests. Data for only those animals that dis-

played a uniform distribution of methylene blue in the

ventricles were considered for statistical analysis.

Overall, six animals were discarded because the

placement of the guide cannula was incorrect.

Drug treatment

Morphine sulfate (Temad Co., Tehran, Iran) (10 mg/kg

bw, sc) was dissolved in sterile 0.9% normal saline

solution and injected subcutaneously using 1-ml insu-

lin syringes. Following this, two mode of drug

administration were considered, Either selegiline

(Sigma-Aldrich, Inc.) (10, 20 and 40 mg/kg bw) was

dissolved in sterile 0.9% normal saline solution and

injected ip or selegiline (25, 50, 100 µg/5 µl/rat, icv)

was infused using a Hamilton syringe connected to

a length of PE-10 polyethylene tubing. For the icv ad-

ministration, the efficacy of injection was monitored

by observing the movement of a small air bubble

through the tube. The volume of infusion was 5 µl/site

at a rate of 5 µl/min for each rat. Naloxone hydrochlo-

ride (Temad Co., Tehran, Iran) (4 mg/kg bw, ip) was

dissolved in sterile 0.9% normal saline solution and

injected ip using 1-ml insulin syringes.

Induction of morphine dependence

Animals received normal saline solution 1 ml/kg

bw/12 h, ip or normal saline solution (ip or icv)

together with morphine or selegiline (sc or icv) plus

morphine. In order to induce the dependency, additive

doses of morphine were administered sc for nine days

as follows: day 1: 5 mg/kg bw/12 h, day 2, 3: 10 mg/

kg bw/12 h, day 4, 5: 15 mg/kg bw/12 h, day 6, 7:

20 mg/kg bw/12 h, day 8, 9: 25 mg/kg bw/12 h. On

the ninth day, only the morning dose of morphine and

selegiline was injected. Selegiline was injected just

before the morphine injection twice a day for nine

days, needless to say that the chosen dose for mor-

phine was selected based on previous studies [2, 22].

Induction of morphine withdrawal and

measurement of behavioral signs

In order to induce withdrawal symptoms, naloxone

(4 mg/kg bw, ip) was injected on the ninth day, one

hour after the morning dose of morphine injection,

needless to say that the chosen dose was selected ac-

cording to previous studies [1, 12].

Immediately after naloxone injection, the behav-

ioral assessment of opioid withdrawal signs including

jumping, rearing, genital grooming, abdomen writh-

ing and wet-dog shake was started. Animals were

studied individually in a clear plexiglass chamber

(50 × 25 × 15 cm) that was placed in other dark cham-

ber to avoid environmental perturbations. A digital

camera connected to a recording computer was placed

on the inner chamber to simultaneously show the rats

behaviors. The reactions of each animal were evalu-

ated by an observer who was not aware of the nature

of the treatment received by that animal. The behav-

iors of all animals were evaluated by the same ob-

server. As described previously, the score of each be-

havior was divided by weighing factor attributed to it

(Tab. 1), and the results were added and came to a to-

tal withdrawal score (TWS) for each animal [3].

Data analysis

Data were expressed as the mean ± SEM (standard

error of the mean), and analyzed by one-way analysis

of variance (ANOVA) followed by Tukey’s post-hoc

test. Therefore, p values of less than 0.05 were con-

sidered as significant.
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Tab. 1. Weighing factors (WF) of different withdrawal signs

Behavior WF

Jumping 4

Abdomen writhing 5

Wet-dog shakes 5

Genital grooming 5

Rearing 20



Results

Naloxone-induced withdrawal

Animals received repeatedly morphine twice a day for

a total of nine days. Then, naloxone (4 mg/kg bw, ip)

was injected in order to induce withdrawal symptoms,

as shown in Figures 1 and 2. As a result, naloxone in-

duced withdrawal signs (jumping, rearing, genital

grooming, abdomen writhing and wet-dog shake) in

the control group which received morphine and nor-

mal saline in comparison with normal saline. ANOVA

test indicated that the TWS was significantly (F =

22.93, p < 0.001) greater in control group (morphine

+ saline) compared to saline treated animals, indicat-

ing that the animals in control group has already be-

came tolerant (Figs. 3, 4).

Effect of systemic administration of selegiline

on morphine physical dependence

The results in Figure 1 show that systemic administra-

tion of selegiline (40 mg/kg bw, ip) increased the

jumping significantly (F = 3.85, p < 0.05) while it

didn’t change other behaviors (rearing, genital groom-
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Fig. 3. Effects of repeated systemic injection of selegiline (10, 20,
40 mg/kg bw) on the development of morphine dependence (Total
Withdrawal Scores). Data are expressed as the mean ± SEM. * p <
0.05, *** p < 0.001 different from control (morphine-dependent saline
injected group) and ^ p < 0.001 different from saline group. M = mor-
phine, Sel = selegiline

Fig. 1. Effects of repeated systemic injection of selegiline (10, 20,
40 mg/kg bw) on the development of morphine dependence (with-
drawal signs). Data are expressed as the mean ± SEM. *** p < 0.001
different from control (morphine-dependent saline injected group)
and ^ p < 0.001 different from the normal saline group. M = mor-
phine, Sel = selegiline

Fig. 4. Effects of repeated central injection of selegiline (10, 20,
40 mg/kg bw) on the development of morphine dependence (Total
Withdrawal Scores). Data are expressed as the mean ± SEM. *** p <
0.001 different from control (morphine-dependent saline microin-
jected group) and ^ p < 0.001 different from saline group. M = mor-
phine, Sel = selegiline

Fig. 2. Effects of repeated central injection of selegiline (10, 20,
40 mg/kg bw) on the development of morphine dependence (with-
drawal signs). Data are expressed as the mean ± SEM. * p < 0.05,
** p < 0.01, *** p < 0.001 different from control (morphine-dependent
saline microinjected group) and ^ p < 0.001 different from saline
group. M = morphine, Sel = selegiline



ing, abdomen writhing and wet-dog shake). Figure 3

results show that there were no significant differences

in TWS when comparing morphine injected group

with morphine plus selegiline treated ones. Our find-

ings in both Figures (1 and 3) demonstrated no sig-

nificant changes between selegiline alone and saline

treated animals.

Effect of central administration of selegiline

on morphine physical dependence

The results showed that selegiline icv administration

decreased each and every withdrawal sign considera-

bly (Fig. 2) (p < 0.001). In addition, our study showed

that selegiline icv administration resulted in a de-

crease of TWS in comparison with the control group

(Fig. 4) (F = 18.8, p < 0.001), besides there was no

significant difference between selegiline alone and sa-

line treated animals.

Discussion

One of the most important findings in this study was

that central but not systemic selegiline administration

decreased withdrawal symptoms significantly. These

findings confirmed that selegiline central administra-

tion attenuates morphine dependence. Its worth men-

tioning that selegiline as a selective monoamine oxi-

dase B inhibitor, has neuroprotective properties which

has been confirmed by several studies, and is used for

treatment of Parkinson disease [6, 19, 31]. In addition

to MAO inhibitor effects, selegiline has anti-apoptotic

and pro-trophic factor properties [26–35]. Selegiline

seems to have anxiolytic effects [25], which could be

beneficial in morphine withdrawal attenuation signs.

The results of the present study show that TWS in

central administration of selegiline and not the sys-

temic one, has a significant difference compared to

the saline group indicating that central administration

is more effective in decreasing the withdrawal signs.

Dopaminergic neurons are believed to be particu-

larly prone to oxidative stress due to their high rate of

oxygen metabolism, low levels of antioxidants, and

high iron content. Dopamine is thought to be capable

of generating toxic reactive oxygen species (ROS) via

both its enzymatic and non-enzymatic catabolism

[13]. Dopamine oxidation can occur either spontane-

ously in the presence of transition metal ions or via an

enzyme-catalyzed reaction involving MAO. Oxida-

tion of dopamine via MAO generates a spectrum of

toxic species including H2O2, oxygen radicals,

semiquinones, and quinines [7]. Since selegiline is ca-

pable of MAO-B inhibition, it can raise dopamine

levels in the human brain by preventing dopamine

metabolism [39]. Selegiline is examined as a relapse-

prevention treatment for cocaine abuse, as well as

a safe and efficient adjunctive treatment in behavioral

counseling for smoking cessation [4-24]. What’s more

important is that it is not believed to cause depend-

ence in animals [32].

Role of selegiline metabolism is important and

should be considered, when comparing systemic and

central administration of selegiline effects on with-

drawal signs. From the other side, in vivo studies

suggest that selegiline is metabolized mainly by the

cytochrome P-450 system, resulting in identified me-

tabolites such as desmethylselegiline, (–)-metham-

phetamine and (–)-amphetamine [18]. These agents

can increase the activity of adrenergic pathways

which has a key role in the occurrence of withdrawal

symptoms and the efficacy of selegiline on physical

dependence, which might be affected by metabolites

action, while central injection of selegiline may indi-

cate the specific effects of drug without metabolite in-

terference.

Several lines of evidence suggest that N-methyl-

D-aspartate (NMDA) receptor has a key role in mor-

phine tolerance and dependence. Furthermore, previ-

ous studies showed that icv glutamate or NMDA ad-

ministration generates withdrawal signs in morphine-

dependent rats [37], yet excitatory synaptic input to

ventral tegmental area (VTA) mediated by glutamate

is a key component of the regulation effects of dopa-

minergic cells. Furthermore, various animals studies

suggest that co-administration of NMDA receptor

antagonists prevent the development of morphine

induced tolerance and dependence [1, 9, 11, 38].

Based on previous studies, selegiline but not par-

gyline administration (a member of MAO inhibitors)

prevented NMDA receptor activation-induced cell

death, suggesting that the protection provided by sele-

giline occurs independently of its MAO-B inhibitory

effects [22].

Additionally, it has been shown that selegiline can

protect dissociated PC12 cells (cell line derived from

pheochromocytoma of the rat adrenal medula) from

cytotoxicity of glutamate, in a process involving glu-
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tathione depletion and oxidative events [28]. Another

significant recent study in the field of organotypic

slice cultures reported that selegiline rescued dopa-

minergic neurons from NMDA (100 mM) toxicity

[34]. Moreover, selegiline has been shown to augment

transcription of neurotrophic factors in cultured astro-

cytes including brain-derived neurotrophic (BDNF)

and ciliary neurotrophic factors [21]. Finally, mono-

amine oxidase-B inhibition may mediate aforemen-

tioned protective effect of selegiline. In this context,

Kashii et al. reported that exogenous dopamine pro-

tect cultured retinal neuronal cells against NMDA

neurotoxicity [18].

In conclusion, the results of this study showed that

repeated central administration of selegiline inhibits

the development of morphine dependence. A single

dose of 50 µg proved to be the most effective one, al-

though when different doses were administered no

significant differences were observed on morphine

physical dependence. All of these pharmacological

actions may be relevant to the potential therapeutic ef-

fect of selegiline on morphine physical dependence.

However, further investigations are required to clarify

possibility of dependency in attenuation of morphine

physical dependence by selegiline compared with its

monoamine oxidase-B inhibitory action.
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