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A B S T R A C T

Glial glutamate transporters (GLT-1) is responsible for glutamate homeostasis. GLT-1 expression and glutamate
uptake can be affected by addictive drugs and can be used as a target in addiction pharmacotherapy. It has been
shown that minocycline, an antibiotic with anti-inflammatory, and neuroprotective properties, can upregulate
the expression of GLT-1. In the present study, in morphine-dependent rats, the effect of minocycline on ex-
pression of GLT-1 in nucleus accumbens was investigated by immunohistochemistry. The expression of GLT-1
significantly increased in minocycline treated animals. In line with other studies, our findings showed that
restoring GLT-1 expression with minocycline might be considered as a potential target for correcting pre-clinical
and clinical manifestations of drug addiction.

A critical aspect of drug addiction is alterations in neuronal struc-
ture, biochemistry and function in reward-related brain areas (Chou
and Narasimhan, 2005). The main area is nucleus accumbens (NAc),
which by receiving dopaminergic and glutamatergic projections from
ventral tegmental area and medial prefrontal cortex (mPFC) plays a
critical role in reward-related phenomena (Chou and Narasimhan,
2005). Many studies show the essential role of excitatory amino acid,
particularly glutamate, in the development of morphine dependence
and induction of morphine reinstatement (Gass and Olive, 2008;
Quintero, 2013a; Marquez et al., 2017). It has been shown that gluta-
matergic N-methyl-D-aspartate (NMDA) antagonists such as memantine
(Do Couto et al., 2005) metabotropic receptors antagonists (Moussawi
and Kalivas, 2010) and AMPA receptor antagonist (Rasmussen et al.,
1996) modified the rewarding effects of morphine. Furthermore, in vivo
microdialysis studies suggests that after injection of addictive drugs like
heroin, cocaine or nicotine there is an increase in the extracellular le-
vels of glutamate in the NAc (Quintero, 2013b).

Sodium-dependent glutamate transports of glia and neurons in-
cluding glutamate transporter-1 (GLT-1), glutamate aspartate trans-
porter (GLAST), excitatory amino acid transporter (EAAT) and ex-
citatory amino-acid carrier-1 (EAAC1) play a fundamental role in the
regulation of glutamate in the mammalian brain. GLT-1 and GLAST are
mainly expressed in astrocytes, whereas EAAC1 and EAAT4 are mainly

in neurons (J Roberts-Wolfe and W Kalivas, 2015). GLT-1 responsible
for the majority of glutamate reuptake and plays an important role in
maintaining low extracellular glutamate in the brain as well in the NAc
(Knackstedt et al., 2009). Many studies have shown the involvement of
GLT-1 in morphine reward. Expression of GLT-1 mRNA was sig-
nificantly decreased in the striatum and thalamus of morphine-depen-
dent rats and significantly increased in withdrawal phase (Ozawa et al.,
2001). Also, self-administration of heroin significantly decreased GLT-1
protein and glutamate uptake in NA-core (Shen et al., 2014). Several
lines of evidence have shown that addictive drugs can reduce GLT-1 and
glutamate uptake, and described the agents which restored these effects
as addiction pharmacotherapy (J Roberts-Wolfe and W Kalivas, 2015).

Minocycline is a tetracycline antibiotic with powerful anti-in-
flammatory and neuroprotective properties, thought to be a result of its
ability to attenuate glial activation (Garrido-Mesa et al., 2013). Re-
cently, growing evidence has described the ability of minocycline to
interfere with the rewarding effects of morphine (Zhang et al., 2012;
Arezoomandan and Haghparast, 2015). Studies have proved that min-
ocycline can upregulate the expression of GLT-1 and also ameliorate the
down-regulation of GLT-1 in neuropathic rats (Fujio et al., 2005). In our
previous study, we showed daily intra-NAc injection of minocycline
during the extinction period attenuated the maintenance and also, at-
tenuated the priming-induced reinstatement (Arezoomandan and

https://doi.org/10.1016/j.ajp.2019.10.007
Received 27 July 2019; Received in revised form 6 October 2019; Accepted 7 October 2019

Abbreviations: GLT-1, glial glutamate transporters; NAc, nucleus accumbens; mPFC, medial prefrontal cortex; NMDA, N-methyl-D-aspartate; CPP, condition place
preference

⁎ Corresponding author at: Neuroscience Research Center, Shahid Beheshti University of Medical Sciences, P.O. Box 19615-1178, Tehran, Iran.
E-mail address: Haghparast@sbmu.ac.ir (A. Haghparast).

Asian Journal of Psychiatry 46 (2019) 70–73

1876-2018/ © 2019 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/18762018
https://www.elsevier.com/locate/ajp
https://doi.org/10.1016/j.ajp.2019.10.007
https://doi.org/10.1016/j.ajp.2019.10.007
mailto:Haghparast@sbmu.ac.ir
https://doi.org/10.1016/j.ajp.2019.10.007
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajp.2019.10.007&domain=pdf


Haghparast, 2015). After behavioral studies, we investigated the effect
of minocycline on the expression of GLT-1 in NAc using im-
munohistochemistry.

In the acquisition phase, condition place preference (CPP) was in-
duced by administration of morphine (5mg/kg for 3 days, s.c.). During
extinction phase, the animals were given daily bilateral injections of
either minocycline (1, 5 and 10 μg/ 0.5 μl/NAc) or saline (0.5 μl/NAc).
The animals were tested for conditioning score 60min after each in-
jection. To induce reinstatement, a priming dose of morphine (1mg/kg)
was given 1 day after the final extinction day. After behavioral studies,
the brains were removed and the levels of GLT-1 were measured using
immunohistochemistry. Under deep anesthesia, the rats were perfused
through the heart with 0.1 M PBS followed by 4% paraformaldehyde in
PBS (pH 7.4). The brains were removed immediately and post-fixed in
4% paraformaldehyde for 48 h and then prepared for im-
munohistochemical analysis and calculation of the number of GLT-1-
positive cells density in the NAc area. Five μm thick Paraffin-embedded
slides were cut and mounted on the lam. The sections were processed
according to the immunohistochemistry technique incubated with pri-
mary antibody for GLT1 (diluted 1: 100) overnight at 40 °C. All pre-
pared sections were then incubated overnight with the avidin-biotin
complex substrate and treated with 0.05% 3,3-diaminobenzidine tetra-
hydrochloride and 0.03% hydrogen peroxide in 0.05ml of Tris buffer
(pH 7.6). At the end of the immunohistochemical reaction, the nu-
merical density of the GLT-1 cells was determined using the optical
dissector method. Statistical analysis was performed using one-way
ANOVA- test. P-values less than 0.05 considered significant. All ex-
periments were performed in accordance with the guide for the care
and use of laboratory animals (National Institutes of Health Publication
No. 80-23, revised 1996) and were approved by the Research and Ethics
Committee of Shahid Beheshti University of Medical Sciences.

The results showed daily bilateral injections of minocycline (0.5 μl/
NAc) increased the expression of GLT-1 in the NAc (Fig. 1). This dif-
ference was not significant in the group which received 1 μg minocy-
cline (p= 0.944), but minocycline 5 and 10 μg significantly increased
the expression of GLT-1 in comparison with the control group [F (3,
28)= 8.762, P < 0.0001] (Fig. 2).

It is well known that the glutamatergic system’s activity at the level
of the NAc plays a critical role in relapse after drug extinction and the
release of glutamate from the PFC to the NAc increases during re-
instatement phase (Quintero, 2013b). Glutamate induces plastic
changes in the circuitry from the PFC to the NAc which are essential for
dependency and reinstatement (Quintero, 2013b). It is accepted that
glial cells are involved in drug dependency (Miguel-Hidalgo, 2009). The
glia cells, via expression of GLT-1, play a critical role in maintaining
physiological levels of glutamate and also the behaviors of addiction
(Conti and Weinberg, 1999). Activating of GLT-1 attenuated the re-
warding effects of morphine and methamphetamine (Nakagawa et al.,
2005). In addition, GLT-1 inhibitor potentiated the rewarding effect
induced by morphine and methamphetamine (Sekiya et al., 2004).
Furthermore, the other studies showed that the expression of GLT-1
decreased in the brain reward area of morphine dependence rats
(Nakagawa and Satoh, 2004). These findings suggested that glutamate
transporters, such as GLT-1, play inhibitory roles in drug-induced re-
ward (Fujio et al., 2005). Several brain circuits and pathophysiological
mechanisms are involved in addiction, integrative pharmacology may
be the way to move forward for finding new pharmacological treat-
ments (Collis, 2006). Over the past decade, many studies reported some
promising pharmacological agents such as minocycline (Garrido-Mesa
et al., 2013), N-acetylcysteine (Sangobowale et al., 2018) and ga-
lantamine (Carroll et al., 2019) for treatment of several symptoms as-
sociated with drug abuse. The growing body of evidence shows the

Fig. 1. GLT-1 immunoreactivity in nucleus accumbens after behavioral study and in reinstatement phase. (A) Control group, (B) 1 μg minocycline, (C) 5 μg mino-
cycline, (D) 10 μg minocycline.
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potential role of minocycline alone or in combination with N-acet-
ylcysteine for improvement of cognition (Abdel Baki et al., 2010;
Sangobowale et al., 2018) and treatment of psychiatric disorders
(Koola, 2019) and correcting pre-clinical and clinical manifestations of
drug addiction (Zhang et al., 2012; Arezoomandan and Haghparast,
2015). In our previous studies, we showed that that daily intra-NAc
administration of minocycline attenuated the maintenance and re-
instatement of methamphetamine and morphine-induced CPP
(Arezoomandan and Haghparast, 2015; Attarzadeh-Yazdi et al., 2014).
Some studies have shown that minocycline can upregulate the expres-
sion of GLT-1 also, attenuated the down-regulation of GLT-1 (Maier
et al., 2007). The present study showed that intra-NAc administration
of minocycline could restore the reduction of GLT-1 expression induced
by morphine. In line with other studies, our findings showed that
minocycline alone or in combination with other drugs can consider as a
potential therapeutic target for correcting morphine-induced beha-
vioral changes, and at least part of these effects is mediated by GLT-1
activity.
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