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Abstract
Objective: Nano components are today’s new wonder material. However, the safety or
toxicity of these components in humans is not yet clear. In a previous study we indicated
that nano ZnO (nZnO) has a stronger anxiolytic effect compared to the conventional ZnO
(cZnO). The present study was designed to evaluate the intraperitoneal administration of
an opioidergic receptor agonist and antagonist of as well as the intra CA1 administration
of an opioidergic receptor antagonist on the anxiolytic properties of nano and conventional
Zn0O in adult male Wistar rats.

Materials and Methods: In this experimental study, rats received drugs via two modes of
injection; intraperitoneal (IP.) and intra CA1 (intra hippocampus, CA1 area). Firstly, nZnO
(5, 10, 20 mg/kg), cZnO (5, 10, 20 mg/kg), morphine 6 mg/kg, and naloxone 1 mg/kg were
injected IP and naloxone 1ug/rat was injected intra CA1. Subsequently, morphine and na-
loxone (IP and intra CA1) were co-injected with the effective dose of nZnO and c¢ZnO. An
elevated plus maze was used to evaluate anxiety related behavior and anxiety parameters
30 minutes after the second injection.

Results: The results indicated that the anxiolytic effects of nZnO 5 mg/kg and cZnO 10 mg/kg
were equal. When injected intraperitoneally, naloxone increased anxiety but did not inhibit the
anxiolytic effect of nZnO and ¢ZnO. The anxiolytic effects of morphine potentiated the anxio-
Iytic effects of ZnO, particularly nZno. When introduced via intra CA1 injection naloxone alone
had no effect on anxiety behaviors and did not inhibit the anxiolytic effect of nZnO.

Conclusion: It seems that the opioidergic system activity involved in the anxiolytic effect
of nano and conventional ZnO may operate through shared and unshared pathways.
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Introduction

Zinc is an element essential for the correct func-
tioning of the brain and other body organs (1). In the
peripheral and central nervous system Zinc modu-
lates many receptors (2). It is concentrated mainly
in the hippocampus; in the subiculum of the dentate
gyrus and in the accessory olfactory bulb (3).

Approximately half of the world’s population
does not get adequate zinc (4, 5). Some studies

have shown that zinc deficiency might induce
anxiety-like behavior in animals (6). It has been
indicated that dietary zinc deficiency in labora-
tory animals could cause anxiety (7), while feed-
ing with organic and inorganic zinc supplements,
such as zinc sulphate, conventional ZnO (cZnO)
and zinc-methionine can be effective in reducing
this anxiety (8).

Anxiety disorder is a common mental health
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The recent development and expansion of nano-
technology has resulted in a rapid increase in the
use of nanoparticles to replace normal scale parti-
cles (12). Due to its unique properties, nano ZnO
(nZnO) is one of the most widely used of the en-
gineered metal oxide nano materials (13). nZnO
has attracted the attention of many researchers in
medicine and pharmacology because of its poten-
tial therapeutic applications, for example as a drug
delivery agent or as an anticancer drug, and its po-
tential in imaging (14-16).

Many studies have reported that opioidergic
system activity could influence anxiety related be-
havior and (17, 18) in turn be influenced by zinc
homeostasis in body (19, 20). Intrathecal injection
of zinc has been shown to inhibit the development
of acute morphine tolerance (19). Zinc concentra-
tion is lower in the cerebrospinal fluid (CSF) of
ex-heroin addicts and contributes to a long term
state of dependence in these individuals (21). In
our previous study we indicated that the anxiolytic
effect of nZnO is much higher than its conven-
tional form (22). In the present study intra CAl
(the hippocampus being one of the main zinc stor-
age regions) and peripheral injections of drugs that
modulate the effect of the opioidergic system on
the anxiolytic properties of nano and conventional
ZnO were investigated.

Materials and Methods
Animal care

In this experimental study, the subjects were
male albino Wistar rats weighing 220 + 20 g pur-
chased from the animal house of the Medical Sci-
ence Department of the Joundi Shapor University
of Ahvaz, Iran. Rats were accommodated for more
than a week in a room at 24 + 1°C, with controlled
12/12 hours light-dark cycles. They were housed in
polypropylene cages (4 per cage). Food and drink-
ing water were freely available except during the
brief test periods. In each experiment 6-8 animals
were used. Each animal was used once only and
experiments undertaken during the light phase. All
procedures were carried out in accordance with the
institutional guidelines for animal care and use at
the Shahid Chamran University of Ahvaz (23).

Drugs
The drugs used in the study were nZnO (Lol-
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itech Co, Germany), ¢cZnO (Merc Co, Germany),
morphine sulphate (Temad Co, Iran) and naloxone
hydrochloride (Sigma Co, Germany). nZnO was
prepared by sonication for 15 minutes in an ultra-
sonic bath. The resulting suspension was shaken
for 1 minute before each injection. Morphine sul-
phate and naloxone hydrochloride were dissolved
in 0.9% saline. For peripheral administration, all
drugs were injected intraperitoneally at concentra-
tions measured as mg/kg in volumes of 1ml/kg.
The control group received Iml/kg 0.9% saline.
For central administration naloxone 1 ug/rat or sa-
line 1pl/rat was injected into the intra CA1 of the
dorsal hippocampus. The interval time between
central and peripheral injections was 5 minutes and
between two peripheral injections was 15 minutes.
Figure 1 shows scanning electron microscopy im-
ages of nZnO and ¢ZnO powder for determination
of the size of these particles.
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Fig 1: Scanning electron microscopy image of A(dry powder
of nZno) and B(dry powder of cZn0O). Images show differ-
ence between the size of nano and conventional form of ZnO
powder.



Animal surgery

Animals were anesthetized by intraperitoneal
administration of ketamine hydrochloride (60 mg/
kg) and xylezine (4 mg/kg) and were subsequently
placed in a stereotaxic apparatus. A stainless steel
cannula (22 gages) was implanted in the dorsal
hippocampus. Coordinates for cannula implanta-
tion in the CAl of the dorsal hippocampus were
anterocaudal: —2.6 mm; lateral: + 2 (with respect
to the bregma), vertical: 3.3 mm (from the dura)
according to the atlas of Paxinos and Watson (24).
The cannulas were anchored to the skull with two
jeweler’s screws and acrylic dental cement. Af-
ter surgery, the rats were allowed to recover for 7
days. The drug solutions were injected over a pe-
riod of 1 minute through an internal cannula (27
gage) connected by polyethylene tubing to a 2 pul
Hamilton syringe. The injection cannula was left
in place for an additional 1 minute before being
slowly withdrawn. The left and right hippocampi
were injected with 0.5 pl of solution on each side
(1 pl/rat) over a 1 minute period.

Elevated plus maze

All behavioural testing took place in a dimly
lit room. Animals adapted to the testing room
over a 1 hour period prior to testing. The wooden
plus maze Shahid Chamran University of Ahvaz,
Iran) consisted of two open arms (50%10 cm),
and two closed arms of the same size but with
40 cm high end and side walls. The arms were
connected by a central 10x10 cm area and there
were no walls on the open arms. The height of
the elevated plus maze (EPM) above the floor
was 50 cm. Rats were placed in the centre of
the EPM with their head facing an open arm and
left undisturbed for 5 minutes. Rats were then
removed and returned to their home cages. The
experimental sessions were recorded by camera
and analyzed later (by maze router software Co,
Iran). A rat was considered to be on the central
platform when at least two paws were on it and
on an arm whenever all four paws were on it.
Percent of time spent in open arms [open arm
time OAT%: (time in open arm/time in open +
closed arm) x100] and percent of open arm en-
tries [open arm entries OAE%: (number of open
arm entries/ number of open + closed arm en-
tries) x100] were used as a measure of anxiety.
The distance travelled in the closed and open
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arms in 5 minutes was used as a measure of lo-
comotor activity by maze router soft ware. In
all experiments the interval time between injec-
tions and tests was 30 minutes (25).

Statistical analysis

Data were expressed as mean £ SEM. Student’s
t test was used for comparison of the means of un-
paired data. ANOVA was used for multiple com-
parisons between groups and Student-Newman-
Keuls post hoc test was performed using Instate
3 software. Differences with a p value of <0.05
between experimental groups at each point were
considered statistically significant.

Results

Comparison between the anxiolytic effects of
nano and conventional ZnO (5, 10, 20 mg/kg)

Figure 2 shows that ¢ZnO 10 and 20 mg/kg
and nZnO 5 mg/kg significantly increased OAT%
(p<0.05), indicating that these doses have an anxio-
lytic effect. Significant differences in OAT% were
also observed when equal doses (5, 10 mg/kg p<0.01
and 20 mg/kg p<0.05) of nZnO and ¢ZnO were com-
pared. There were no significant differences in OAE%
between nZnO or ¢ZnO groups and controls.

NZnO 20 mg/kg significantly reduced locomotor
activity in treated rats compared to controls (p<0.05)
and the difference between 5 mg/kg nZnO and 5 mg/
kg ¢ZnO was significant (p<0.05). As these results in-
dicate nZnO 5mg/kg and ¢ZnO 10 mg/kg have the
greatest anxiolytic effect, we selected them for the fol-
lowing experiments.
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Fig 2: Comparison between anxiolytic effects of nano and con-
ventional ZnO (5, 10, 20 mg/kg). Each bar shows mean + SEM,
*; p<0.05 in the treatment group compared to the control group,
+ p<0.05, ++; p<0.01 for comparison between equal doses.

The effect of morphine sulphate 6 m/kg and/or
naloxone hydrochloride 1 mg/kg alone and co-
injected with nZnO 5 mg/kg and/or cZnO 10 mg/
kg on anxiety related behaviors

Morphine exhibited an anxiolytic effect while
naloxone exhibited an anxiogenic effect which
significantly increased and decreased OAT% re-
spectively in treated rats compared to controls
(p<0.01, p<0.05). Morphine also increased OAE%
in treated rats compared to controls (p<0.05). Both
drugs had no effect on locomotor activity.

The anxiolytic effect of nZnO and ¢ZnO was not af-
fected by the presence of naloxone. As shown in figure
3,nZn0O and ¢ZnO in the presence of naloxone signif-
icantly increased OAT% in treated rats compared to
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the naloxone/ saline group (p<0.001, p<0.01).

NZnO and ¢ZnO significantly increased OAT%
(p<0.001, p<0.01 respectively) in treated rats com-
pared to the morphine/saline group, but had no ef-
fect on locomotor activity. These results indicated
that nZnO (5 mg/kg) and ¢ZnO (10 mg/kg) could
increase the anxiolytic effects of morphine (Fig 3).

A

70 P
60 #

50
40
30 ++
20

10

Open arm time %
*
*

Saline/Saline Saline ¢ZnO 10 nZnO 5 Saline ¢ZnO 10 nZnO 5

Naloxone (1 mg/kg) Morphine (6 mg/kg)

70
60 *
50
40
304
20
104
0.

Saline/Saline

Open arm entries %

Saline ¢ZnO 10 nZnO 5
Naloxone (1 mg/kg)

Saline ¢ZnO 10 nZnO 5
Morphine (6 mg/kg)

O

60
50
40 -
301
20 -
10 |

Locomotor activity

Saline/Saline Saline ¢ZnO 10 nZnO5 Saline ¢ZnO 10 nZnO 5

Naloxone (1 mg/kg) Morphine (6 mg/kg)

Fig 3: The effect of morphine sulphate 6 m/kg and/or na-
loxone hydrochloride 1 mg/kg alone and co-injected with
nZnO 5 mg/kg and/or cZnO 10 mg/kg on anxiety related
behaviors. Each bar is mean = SEM. *; p<0.05, **; p<0.01
for the treatment group compared to the saline/saline con-
trol group, ++; p<0.05, +++; p<0.01 compared to the na-
loxone/saline control group, and ##; p<0.01, ###; p<0.001
compared to morphine/saline control group.



The anxiolytic effect of nZnO (5 mg/kg) and
¢cZn0 (10 mg/kg) in the presence of intra CAl
administration of naloxone

The intra CA1 administration of naloxone alone did
not affect the anxiety parameters and did not inhibit
the anxiolytic properties of nZnO (5 mg/kg). Conven-
tional ZnO had no effect on the anxiety parameters
either when injected alone or when co-injected with
the intra CA1 administration of naloxone (Fig 4).
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Fig 4: Effect of nZnO (5 mg/kg) and cZnO (10 mg/kg) in pres-
ence of naloxone (1 ug/Rat) on anxiety-related behaviors and
locomotor activity. *; P<0.05 treatment group in comparison
with saline control group. Each bar is mean + SEM.
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Discussion

The results of our study show that nZnO 5 mg/
kg and ¢ZnO 10 and 20 mg/kg reduced anxiety re-
lated behaviors without any change in locomotor
activity. These results support those of previous
studies which have shown that high levels of zinc
supplements, such as zinc-methionine, ZnSO, and
ZnO reduced anxiety in rats during the elevated
plus maze test (8). It has also been shown that
dietary zinc deficiency in mice induced anxiety-
related behavior in the novelty suppressed feeding
test (7).

Figure 2 further demonstrates that equal doses of
nZnO and ¢ZnO have different effects on anxiety
behaviors and that the effective dose for nZnO is
half that for ¢ZnO. These effects may be due to the
small size of nZnO and different physicochemical
properties compared with the conventional form.
The main characteristic of nano materials is their
small size (26). This can modify the physicochem-
ical properties of the material as well as create
the opportunity for increased uptake and interac-
tion with biological tissues (27, 28). Due to their
small size nano particles of ZnO have both greater
mobility and uptake across biological membranes
(26, 28). The increase in surface area increases the
number of reactive groups on the particle surface
and makes this form more reactive than the con-
ventional form (29, 30).

Electrophysiological studies have shown that
zinc is an antagonist for the N-methyl-D-aspartate
receptor (NMDA) glutamate receptor and weak-
ens this receptor’s mediated response (2, 31).
Several studies have demonstrated that the stimu-
lation of NMDA receptors (such as glutamate) in-
duce an anxiogenic-like behavior in a variety of
animal models of anxiety (32, 33). Competitive
and non-competitive NMDA receptor antagonists
induce anxiolytic behaviors in human and labora-
tory animals (34). The anxiolytic effects of nZnO
and ¢ZnO may work through inhibition of NMDA
receptors.

An alternative mechanism is related to the gam-
ma-aminobutyric acid (GABA) neurotransmitter.
Zn*" promotes the release of GABA from interneu-
rons in the hippocampus, thus enhancing the inhib-
itory effects of this neurotransmitter and leading to
a decrease in the pre-synaptic release of glutamate
(35). Thus release of Zn™ from ¢ZnO and nZnO
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may reduce anxiety via reduced glutamate release
and inactivation of NMDA receptors (31, 35).

The opioid receptor agonists and antagonists,
such as morphine and naloxone, tend to induce
anxiolytic and anxiogenic responses respectively
(17,36-39); findings supported by our results when
morphine and naloxone were injected peripherally.
In our study naloxone (1 mg/kg, IP) did not inhibit
the anxiolytic effects of ¢ZnO and nZnO and mor-
phine (6 mg/kg, IP) increased the anxiolytic effect
of nZnO and cZnO. It is possible that shared or un-
shared pathways have been used by morphine and
ZnO to induce this higher anxiolytic effect.

According to a previous study there is an interac-
tion between morphine and the glutamatergic sys-
tem (40). It has been shown that an acute injection
of morphine decreased the level of extracellular
glutamate in the brain (40). Electrophysiologi-
cal studies have shown that there is a relationship
between NMDA receptor subunits and mu-opioid
receptors in the CNS (41). NMDA receptor an-
tagonists disrupt the development of morphine tol-
erance (42) and demonstrate an anxiolytic effect
(17). Zinc also modulates the activity of this re-
ceptor and reduces glutamate activity via the path-
ways mentioned previously (19, 31, 35).

The GABAergic system is a possible common
pathway for the additive anxiolytic effect of mor-
phine and ZnO. Various studies have indicated
that the opioidergic system interacts to modulate
anxiety-related behavior through the GABAergic
system in some specific brain areas (43, 44) and
there is an interaction between intra cellular zinc
and GABAergic system activity (35).

Our data show that the increased anxiolytic ef-
fect of morphine and nZnO is higher than that of
¢ZnO. This may be related to the small size of the
nanoparticles that facilitate the distribution of ZnO
particles to different regions (26, 28).

The intra CAl injection of naloxone (1 pg/rat)
alone did not affect the anxiety indexes in our in-
vestigation, although previous studies have shown
that this dose of naloxone completely blocked opi-
oid receptors in the hippocampus (25). In the pres-
ence of naloxone (1 pg/rat), the anxiolytic effect
of nZnO was maintained but ¢ZnO was prevented
from inducing its anxiolytic effect. Probably this
is due to the physiochemical properties of the nano
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particles (45).
Conclusion

Our results suggest that zinc oxide supplements
may be effective for the reduction of anxiety and
that opioidergic system activity can influence
their anxiolytic effects through shared or unshared
mechanisms. It is possible that other neuro-
chemical systems are involved in this phenom-
enon. This area of research requires further in-
vestigation.

Acknowledgments

This study was supported by research affairs of
Shahid Chamran University of Ahvaz, grants num-
ber 90/302/18672, Date: 7 June, 2011. The authors
declare no conflict of interest.

References

1. TakedaA. Movement of zinc and its functional significance
in the brain. Brain Res Brain Res Rev. 2000; 34(3):
137-148.

2. Morris DR, Levenson CW. lon channels and zinc:
mechanisms of neurotoxicity and neurodegenera-
tion. J Toxicol. 2012; 2012: 785647.

3. Frederickson CJ, Suh SW, Silva D, Frederickson CJ,
Thompson RB. Importance of zinc in the central nerv-
ous system: the zinc-containing neuron. J Nutr. 2000;
130Suppl 5S: 1471S-1483S.

4. Lowe NM, Fekete K, Decsi T. Methods of assessment
of zinc status in humans: a systematic review. Am J
Clin Nutr. 2009; 89(6): 2040S-2051S.

5. Prasad AS. Discovery of human zinc deficiency: 50
years later. J Trace Elem Med Biol. 2012; 26(2-3):
66-69.

6. Tassabehji NM, Corniola RS, Alshingiti A, Levenson
CW. Zinc deficiency induces depression-like symp-
toms in adult rats. Physiol Behav. 2008; 95(3): 365-
369.

7. Whittle N, Lubec G, Singewald N. Zinc deficiency
induces enhanced depression-like behaviour and
altered limbic activation reversed by antidepressant
treatment in mice. Amino Acids. 2009; 36(1): 147-
158.

8. Sobhanirad S, Valizade R, Moghimi A, Naserian A,
Eslamimoghadam H. Evaluation the a anexiolytic ef-
fects of zinc supplemented diet in the elevated plus-
maze test. Res J Biol Sci. 2008; 3(9): 964-967.

9. Kessler RC, Chiu WT, Demler O, Merikangas KR,
Walters EE. Prevalence, severity, and comorbidity
of 12-month DSM-IV disorders in the National Co-
morbidity Survey Replication. Arch Gen Psychiatry.
2005; 62(6): 617-627.

10. Dording CM, Mischoulon D, Petersen TJ, Kornbluh
R, Gordon J, Nierenberg AA, et al. The pharmaco-
logic management of SSRI-induced side effects: a
survey of psychiatrists. Ann Clin Psychiatry. 2002;
14(3): 143-147.



1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Thompson MR, Li KM, Clemens KJ, Gurtman CG,
Hunt GE, Cornish JL, et al. Chronic fluoxetine treat-
ment partly attenuates the long-term anxiety and de-
pressive symptoms induced by MDMA (‘Ecstasy') in
rats. Neuropsychopharmacology. 2004; 29(4): 694-
704.

Cho Y, Borgens RB. Polymer and nano-technology
applications for repair and reconstruction of the cen-
tral nervous system. Exp Neurol. 2012; 233(1): 126-
144,

Kumar SS, Venkateswarlu P, Rao VR, Rao GN. Syn-
thesis, characterization and optical properties of zinc
oxide nanoparticles. Int Nano Lett. 2013; 3(30): 1-6.
George S, Pokhrel S, Xia T, Gilbert B, Ji Z, Schow-
alter M, et al. Use of a rapid cytotoxicity screening
approach to engineer a safer zinc oxide nanoparticle
through iron doping. ACS Nano. 2010; 4(1): 15-29.
Rasmussen JW, Martinez E, Louka P, Wingett DG.
Zinc oxide nanoparticles for selective destruction of
tumor cells and potential for drug delivery applica-
tions. Expert Opin Drug Deliv. 2010; 7(9): 1063-1077.
Chandra S, Barick KC, Bahadur D. Oxide and hy-
brid nanostructures for therapeutic applications. Adv
Drug Deliv Rev. 2001; 63(14-15): 1267-1281.
Motevasseli T, Rezayof A, Zarrindast MR, Nayer-
Nouri T. Role of ventral hippocampal NMDA recep-
tors in anxiolytic-like effect of morphine. Physiol Be-
hav. 2010; 101(5): 608-613.

Dawei A, Zhisheng, W, Anguo Z. Protective effects of
Nano-Zno on the primary culture mice intestinal epi-
thelial cells in in vitro against oxidative injury. J Anim
Veter Adv. 2009; 8(10): 1964-1967.

Larson AA, Kovacs KJ, Spartz AK. Intrathecal Zn2+
attenuates morphine antinociception and the devel-
opment of acute tolerance. Eur J Pharmacol. 2000;
407(3): 267-272.

Dursun N, Erenmemisoglu A, Suer C, Gogusten B.
The effect of zinc deficiency on morphine antinoci-
ception. Research Communication in Alcohol and
Substances of Abuse. 1995; 16(1-2): 47-52.

Potkin SG, Shore D, Torrey EF, Weinberger DR,
Gillin JC, Henkin RI, et al. Cerebrospinal fluid zinc
concentrations in ex-heroin addicts and patients with
schizophrenia: some preliminary observations. Biol
Psychiatry. 1982; 17(11): 1315-1322.

Torabi M, Kesmati M, Harooni HE, Varzi HN. Effects
of nano and conventional Zinc Oxide on anxiety-like
behavior in male rats. Indian J Pharmacol. 2013;
45(5): 508-512.

Ministry of Science, Research and Technology. Charter
and the principles of research ethics. 1" ed.Ahvaz. Sha-
hid Chamran University of Ahvaz Press; 2011; 15.
Paxinos G, Watson C. The rat brain in stereotaxic
coordinates. 6" ed. Sydney: Academic Press; 1986.
Zarrindast MR, Babapoor-Farrokhran S, Babapoor-
Farrokhran S, Rezayof A. Involvement of opioidergic
system of the ventral hippocampus, the nucleus ac-
cumbens or the central amygdala in anxiety-related
behavior. Life Sci. 2008; 82(23-24): 1175-1181.
Sonavane G, Tomoda K, Makino K. Biodistribution
of colloidal gold nanoparticles after intravenous ad-
ministration: effect of particle size. Colloids Surf B
Biointerfaces. 2008; 66(2): 274-280.

D Decuzzi P, Causa F, Ferrari M, Netti PA. The ef-

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Torabi et al.

fective dispersion of nanovectors within the tumor
microvasculature. Ann Biomed Eng. 2006; 34(4):
633-641.

Chithrani BD, Ghazani AA, Chan WC. Determining
the size and shape dependence of gold nanoparticle
uptake into mammalian cells. Nano Lett. 2006; 6(4):
662-668.

Arora S, Rajwade JM, Paknikar KM. Nanotoxicology
and in vitro studies: the need of the hour. Toxicol Appl
Pharmacol. 2012; 258(2): 151-165.

Nunes A, Al-Jamal KT, Kostarelos K. Therapeutics,
imaging and toxicity of nanomaterials in the central
nervous system. J Control Release. 2012; 161(2):
290-306.

Paoletti P, Vergnano AM, Barbour B, Casado M. Zinc
at glutamatergic synapses. Neuroscience. 2009;
158(1): 126-136.

Barkus C, McHugh SB, Sprengel R, Seeburg PH,
Rawlins JN, Bannerman DM. Hippocampal NMDA
receptors and anxiety: at the interface between cog-
nition and emotion. Eur J Pharmacol. 2010; 626(1):
49-56.

Adamec RE, Burton P, Shallow T, Budgell J. NMDA
receptors mediate lasting increases in anxiety-like
behavior produced by the stress of predator expo-
sure--implications for anxiety associated with post-
traumatic stress disorder. Physiol Behav. 1999; 65(4-
5): 723-737.

Padovan CM, Del Bel EA, Guimaraes FS. Behavioral
effects in the elevated plus maze of an NMDA antag-
onist injected into the dorsal hippocampus: influence
of restraint stress. Pharmacol Biochem Behav. 2000;
67(2): 325-330.

Takeda A, Minami A, Seki Y, Oku N. Differential ef-
fects of zinc on glutamatergic and GABAergic neuro-
transmitter systems in the hippocampus. J Neurosci
Res. 2004; 75(2): 225-229.

Schulteis G, Yackey M, Risbrough V, Koob GF.
Anxiogenic-like effects of spontaneous and nalox-
one-precipitated opiate withdrawal in the elevated
plus-maze. Pharmacol Biochem Behav. 1998; 60(3):
727-731.

Rezayof A, Hosseini SS, Zarrindast MR. Effects of
morphine on rat behaviour in the elevated plus maze:
the role of central amygdala dopamine receptors. Be-
hav Brain Res. 2009; 202(2): 171-178.

Vafaei AA, Rashidy-Pour A, Taherian AA. Peripheral
injection of dexamethasone modulates anxiety relat-
ed behaviors in mice: an interaction with opioidergic
neurons. Pak J Pharm Sci. 2008; 21(3): 285-289.
Sarahroodi S, Arzi A, Zarrindast MR, Khodayar MJ.
Mechanism of the interaction of cannabinoid system
in central amygdale with opioid system. Qom Univ
Med Sci. 2008; 1(4): 16-25.

Sepulveda MJ, Hernandez L, Rada P, Tucci S, Con-
treras E. Effect of precipitated withdrawal on extra-
cellular glutamate and aspartate in the nucleus ac-
cumbens of chronically morphine-treated rats: an in
vivo microdialysis study. Pharmacol Biochem Behav.
1998; 60(1): 255-262.

Rodriguez-Mufioz M, de la Torre-Madrid E, Sanchez-
Blazquez P, Wang JB, Garzéon J. NMDAR-nNOS gen-
erated zinc recruits PKCgamma to the HINT1-RGS17
complex bound to the C terminus of Mu-opioid recep-

CELL JOURNAL ke, Vol 16, No 2, Summer 2014 169



Opioid Receptors and Anxiolytic Properties of ZnO

42.

43.

CELL JOURNAL vakntery, VoI 16, No 2, Summer 2014

tors. Cell Signal. 2008; 20(10): 1855-1864.

Bryant CD, Eitan S, Sinchak K, Fanselow MS, Evans
CJ. NMDA receptor antagonism disrupts the devel-
opment of morphine analgesic tolerance in male, but
not female C57BL/6J mice. Am J Physiol Regul In-
tegr Comp Physiol. 2006; 291(2): R315-326.

Sasaki K, Fan LW, Tien LT, Ma T, Loh HH, Ho IK.
The interaction of morphine and y-aminobutyric acid
(GABA)ergic systems in anxiolytic behavior: using
u-opioid receptor knockout mice. Brain Res Bull.

170

44.

45.

2002; 57(5): 689-694.

Ashabi G, Oryan S, Ahmadi R, Valizadegan F. The ef-
fects of hippocampal opioidergic and septal GABAe-
rgic system interactions on anxiety-like behavior in
rats. Life Sci. 2011; 89(21-22): 821-826.

Peng X, Palma S, Fisher NS, Wong SS. Effect of
morphology of ZnO nanostructures on their toxicity
to marine algae. Aquat Toxicol. 2011; 102(3-4): 186-
196.




