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Abstract—The objective of our study is to investigate the possible anxiolytic-like effect of zinc using one of
the most useful animal models of anxiety, which is the Vogel conflict test (VCT) and to investigate the
possible involvement of the glutamatergic system and NMDA receptors in this postulated effect. The
anxiolytic-like effect of ZnCl, (20 mg/kg, i.p.) in the VCT was abolished by the pretreatment of animals with
N-methyl-D-Aspartic acid (75 mg/kg, i.p., NMDA receptor agonist) that per se produced no effect in VCT.
Moreover, the treatment of mice with CGP37849 (0.3 mg/kg, i.p., a competitive NMDA receptor antagonist)
or MK-801 (0.05 mg/kg, i.p., a non-competitive NMDA receptor antagonist) was able to potentiate the action
of sub-effective dose of ZnCl, (10 mg/kg, i.p.). Overall results indicate that zinc induces the anxiolytic-like
effect in mice without development of tolerance and inhibition of the NMDA receptor activity is involved in
the mechanism of this effect.
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l. INTRODUCTION

Zinc is the second most abundant transition element in the body. It essential for life and regulate the
function of numerous structural, transcriptional, and enzymatic proteins [1,2].Zinc has three functions in zinc
enzymes: catalytic, coactive (or cocatalytic) and structural [3,4].Because zinc is necessary for DNA replication,
transcription and protein synthesis, this metal powerfully influences cell division and differentiation [5,6].Thus,
dietary zinc deprivation retards the growth of humans and animals [7,8].

The CNS contains a large amount of Zn, but it’s not evenly distributed throughout the brain and
intriguingly Zn-containing neurons are found in areas known to be important in depression and anxiety
including cerebral cortical regions, hippocampus, most amygdaloid nuclei, and the lateral septum [1].

The zinc concentration in the brain increases with growth after birth and is maintained constant in the
adult brain [9].Approximately 90% of the total brain zinc is zinc metalloproteins [10].The rest is in the
presynaptic vesicles. Vesicular zinc, play a role in synaptic neurotransmission in the mammalian brain and serve
as an endogenous neuromodulator of several important receptors including the y-amino butyric acid (GABA)
and N-methyl-D-aspartate (NMDA) receptors [11-13]. A substantial fraction of zinc in brain is located inside
synaptic vesicles of glutamatergic terminals in chelatable forms and released with intense neuronal activity in a
calcium-dependent manner [14].

It has been reported that neuropsychological behavior such as anxiety and aggression is increased in
zinc-deficient rats and mice [15-18]. Zinc-deficient mice also displayed anxiety-related behavior in the novelty
suppressed feeding test (most common anxiety-based test) measured as enhanced latencies to eat. Rats fed on a
zinc-deficient diet also exhibit anxiety-like behavior [18]. This data indicated that zinc deficiency may
contribute to the development of anxiety and the experimentally induced zinc deficiency might be a useful
model of anxiety.

The NMDA receptor is a ligand-gated ion channel [19] and has a number of regulatory sites that are
targets for modulation by endogenous and exogenous compounds. The regulatory sites include a binding site for
the main endogenous agonist glutamate, a high-affinity binding site at which glycine acts to allow glutamate-
induced channel opening and sites within the ionophore where MK-801 and ketamine bind and produce a
voltage-dependent open channel blocking.




NMDA/glutamate mechanism of anxiolytic-like action of zinc in Vogel conflict test in mice

Several studies indicated that NMDA receptor antagonists are effective in animal models of depression
and tests that predict antidepressant activity in humans. Recently, the antidepressant-like properties of functional
antagonists of the glutamatergic-NMDA receptor have been demonstrated [20]. Besides antidepressant-like
effects, the NMDA receptor antagonists exhibit anxiolytic-like activity, examined in the elevated plus-maze test
[21-25].Thus; antidepressant- and anxiolytic-like properties of NMDA receptor antagonists suggest the
involvement of glutamatergic system in the mechanism of antidepressant and anxiolytic actions [25].

Zinc is an inhibitor of the NMDA receptor (lonotropic glutamate receptor) [11,13], and it was found
that zinc can down regulate glutamate response by reducing the ability of glutamate to activate post-synaptic
NMDA receptors by direct inhibition of these receptors. Hence, in present study we test the hypothesis that zinc
exerts anxiolytic effect in one of the most used tests of anxiety, Vogel Conflict Test (VCT) by inhibiting the
NMDA receptor.

. EXPERIMENTAL PROCEDURES

2.1. Animals and their Environments

The investigations were carried out using healthy adult male BALB/c mice with a weight of 20-30
grams, supplied by the Modern Veterinary Office for Laboratory Animals (Cairo, Egypt). Mice were housed in
groups of 10 per cage in well ventilated opaque polypropylene cages (30 x 25 x 13 ¢cm). Cage substrate (wood
shavings) was changed three times weekly. Food (standard pellet diet) and tap water ad libitum were added
daily. Animals were maintained at 21 + 2 °C and constant relative humidity under 12:12 h light and dark cycle
(lights on at 8:00 a.m.).

Animals were allowed to acclimatize under the standard housing conditions for 2 weeks prior to use.
All animals were naive to drug treatment and experimentation at the beginning of the study. All experiments
were conducted at the light phase of the light/dark cycle between 10:00 a.m. and 4:00 p.m. to eliminate
circadian influence on animal behavior. All experimental protocols were approved by the Institutional Animal
Care and Use Committee at the Faculty of Pharmacy, Suez Canal University, Ismailia, Egypt.

2.2. Drugs and Materials

Diazepam, Zinc chloride, N-methyl-D-aspartic acid (NMDA), DL-/E/-amino-4-methyl-5-phosphono-
3—pentenoic acid (CGP 37849) and I5R,10S)-(+)-5-methyl-10,11-dihydro-5H dibenzo[a,d]cyclohepten-5,10-
imine hydrogen maleate (MK- 801) were used in this study and all were supplied from Sigma Aldrich Co.,
Germany, Except diazepam was supplied from Amoun Co., Egypt. All drugs were dissolved in 0.9% normal
saline, and were administered intraperitonealy (i.p.) in a volume of 10 ml/kg.

2.3. Drugs administration
2.3.1. Acute Administration

Zinc chloride was always administered i.p. 30 minutes before the behavioral test. In case of drug
combinations, the first drug is administered i.p. 30 minutes before the second one, 30 minutes later animals were
subjected to the test. Doses of zinc refer to pure zinc ions. Control animals received an i.p. injection of saline
(vehicle) at respective times. All drugs were administered in a volume of 10 ml/kg.
2.3.2. Chronic Administration

For testing the tolerance to the predicted effect, zinc is administrated chronically 14 times in 24-hrs
intervals, last administration 24 hrs before the test. Control animals received an i.p. injection of saline (vehicle)
at respective times. The volume of vehicles or drug solutions administrated was 10 ml/kg.

2.4. Vogel conflict test (VCT)

This test was a modification of that described by Vogel et al. (1971) [26] and recently used by
Mathiasen and Mirza (2005) [27]. The test cage (14.5x16x16 cm) was made from glass and had a metal grid
floor. The spout of an externally mounted water bottle protruded into the experimental cage, and was positioned
in the centre of one wall and 2.5 cm above the grid floor. This spout was connected to the shocker (LE 100-25
Vogel Shocker, Panlab, Cornelld, Spain). After every 20 licks, the animal received a 0.5 miliAmpere shock for 2
sec. that was delivered through the metallic grid floor. The total number of licks and shocks delivered during the
testing session was measured using PACKWIN v2.0.01 software (Panlab, Cornella, Spain). The whole
apparatus was located inside a quiet dim testing room. Testing sessions were conducted during the early light
phase of the light/dark cycle.

Procedure: Mice were deprived of water for 48 hrs before the test. After the first 24 hrs of water
deprivation, they were allowed to drink freely for 3 minutes in the test cage in order to locate the spout of
drinking bottle (habituation session). Animals that could not find the spout were excluded from the experiment.
After the next 24 hrs of water deprivation, mice received various i.p. drug treatments. Thirty minutes following
i.p. injection of drugs, each mouse was individually subjected to the test cage to drink water. During a testing
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period of 3 minutes, an animal received a 0.5 miliAmpere shock after every 20 licks. The number of licks and
shocks delivered were registered and the increased number of shocks taken per 3 minutes was considered as an
index of lowered anxiety-like behavior (anxiolytic effect). Mice were habituated to the testing room undisturbed
for at least 2 hrs before habituation and testing sessions.

2.5. Statistical Analysis

Data were expressed as mean * standard error of mean (S.E.M.) and were analyzed using one-way
analysis of variance (ANOVA) followed by Bonferroni’s post hoc test for multiple comparisons. Simple t-test
was used for comparison between two groups only. All statistical analyses were done using the Statistical
Package for Social Sciences, version 17 (SPSS Inc., Chicago, IL, USA). Differences were considered significant
at P <0.05.

1. RESULTS
3.1. Effect of systemic administration of diazepam on anxiety-like behavior of mice tested in the VCT

Statistical analysis with simple t-test indicated that systemic administration of the clinically used
diazepam (3 mg/kg, i.p.) induced an anxiolytic-like effect in mice tested in the VCT, as it significantly increased
the number of shocks taken per 3 minutes compared to the control group [P < 0.001]. Fig. (1).
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Fig. (1). Effect of systemic administration of diazepam (3 mg/kg, i.p.) on the number of shocks taken per 3 min.
by mice tested in VCT. Diazepam was administered 30 min. before the test in a volume of 10 ml/kg. Each
column represents the mean value + S.E.M. (simple t-test), ***p< 0.001 vs. control group; n= 8-10 per group.

3.2. Effect of systemic administration of zinc at different dose levels on anxiety-like behavior of mice tested in
the VCT

Statistical analysis with one-way ANOVA indicated that systemic administration of zinc induced an
anxiolytic-like effect as it significantly increased the number of shocks taken per 3 minutes in mice tested in the
VCT [F (3.26) = 1680, P< 0001]

Post hoc test revealed that zinc at 20 and 30 mg/kg, i.p. caused a significant increase in the number of
shocks taken per 3 minutes, while the dose of 10 mg/kg, i.p. showed no significant anxiolytic-like effect
compared to the control group. Fig. (2).




NMDA/glutamate mechanism of anxiolytic-like action of zinc in Vogel conflict test in mice

35
30 - *kk
- 1
£ 25
©
2 20 A
(&)
o
% 15 -
©
s 10 - -
= -
5 | %
)
| ocontrol @ Zn 10 m Zn 20 @zn30 |

Fig. (2). Effect of systemic zinc administration at different doses on the number of shocks taken per 3 min. by
mice tested in VCT. Zinc was administered 30 min. before the test in a volume of 10 ml/kg. Each column
represents the mean value £ S.E.M. (one-way ANOVA followed by Bonferroni’s post hoc test), **p< 0.01 and
***p< 0.001 vs. control group; n= 8-10 per group.

3.3. Effect of systemic pretreatment with the NMDA receptor agonist NMDA, upon the effect of zinc on
anxiety-like behavior of mice tested in the VCT

Statistical analysis with one-way ANOVA revealed that systemic pretreatment with N-methyl-D-
aspartic acid (NMDA), a competitive NMDA receptor agonist (75 mg/kg, i.p.) significantly abolished the
anxiolytic-like effect of Zinc (20 mg/kg, i.p.) on the number of shocks taken per 3 minutes by mice tested in the
VCT [F (529 = 6.847, P < 0.001].

Post hoc test demonstrated that NMDA (75 mg/kg, i.p.) significantly reduced the number of shocks of
Zinc (20 mg/kg, i.p.) compared to zinc per se effect. However, NMDA (75 mg/kg, i.p.) per se had no significant
effect on the number of shocks compared to the double vehicle treated group (control group). Fig. (3).
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Fig. (3). Effect of combined administration of zinc and NMDA on the number of shocks taken per 3 min. by
mice tested in VCT. Zinc (20 mg/kg, i.p.) was administered 30 min. before the test, and NMDA (75 mg/kg, i.p.)
30 min. before zinc administration, both in a volume of 10 mi/kg. Each column represents the mean value +
S.E.M. (one-way ANOVA followed by Bonferroni’s post hoc test). **p < 0.01 vs. control group; # p< 0.05 vs.
Zn (20 mg/kg) treated group; n = 8-10 per group.
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3.4. Effect of administration of different types of NMDA receptor antagonists at different dose levels on
anxiety-like behavior of mice tested in the VCT

The effects of systemic administration of CGP 37849 (a competitive NMDA receptor antagonist) and
MK-801 (a noncompetitive NMDA receptor antagonist) on anxiety-like behavior of mice tested in VCT are
shown in Fig. (4). Statistical analysis with one-way ANOVA indicated that systemic administration of both
antagonists induced an anxiolytic-like effect as they significantly increased the number of shocks taken per 3
minute [F, 33=8.816, p<0.001].

Post hoc test revealed that CGP 37849 given at the dose of 0.6 mg/kg, i.p. significantly increased the
number of shocks taken (p<0.05) but at the dose of 0.3 mg/kg, i.p. was ineffective, while MK-801 given at the
dose of 0.1 mg/kg, i.p. also significantly increased the number of shocks (p<0.05) but at the dose of 0.05 mg/kg,
i.p. was ineffective. All compared to the control group.
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Fig. (4). Effect of administration of CGP 37849 and MK-801 at different doses on the number of shocks taken
per 3 min. by mice tested in VCT. Each was administered 30 min. before the test in a volume of 10 ml/kg. Each
column represents the mean value £ S.E.M. (one-way ANOVA followed by Bonferroni’s post hoc test). *p <
0.05 vs. control group; n = 8-10 per group.

3.5. Effect of combined administration of sub-effective doses of zinc and CGP 37849 on anxiety-like behavior
of mice tested in the VCT

The effect of combined administration of zinc and CGP 37849 at their sub-effective dose levels on
anxiety-like behavior of mice tested in VCT are shown in Fig. (5). Statistical analysis with one-way ANOVA
indicated that combined administration of sub-effective dose of zinc (10 mg/kg, i.p.) with the like dose of CGP
37849 (0.3 mg/kg, i.p.) induced an anxiolytic-like effect as it significantly increased the number of shocks taken
per 3 minute [F (3 51y =6.886, p<0.01].

Post hoc test demonstrated that zinc given alone at the dose of 10 mg/kg, i.p. had no effect on number
of shocks taken, Also CGP 37849 given alone at the dose of 0.3 mg/kg, i.p. was ineffective. While the combined
administration of zinc (10 mg/kg, i.p.) with CGP 37849 (0.3 mg/kg, i.p.) significantly increased the number of
shocks compared to their per se effects (p< 0.05) and to the control group (p<0.01).
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Fig. (5). Effect of combined administration of zinc and CGP 37849 on the number of shocks taken per 3 min. by
mice tested in VCT. Zinc (10 mg/kg, i.p.) was administered 30 min. before the test, and CGP 37849 (0.3 mg/kg,
i.p.) 30 min. before zinc administration, both in a volume of 10 ml/kg. Each column represents the mean value £
S.E.M. (one-way ANOVA followed by Bonferroni’s post hoc test). **p<0.01 vs. control group; # p<0.05 vs.
(Zn+ CGP 37849) group; n = 8-10 per group.

3.6. Effect of combined administration of sub-effective doses of zinc and MK-801 on anxiety-like behavior of
mice tested in the VCT

The effect of combined administration of zinc and MK-801 at their sub-effective dose levels on
anxiety-like behavior of mice tested in VCT is shown in Fig. (6). Statistical analysis with one-way ANOVA
indicated that combined administration of sub-effective dose of zinc (10 mg/kg, i.p.) with the like dose of MK-
801 (0.05 mg/kg, i.p.) induced an anxiolytic-like effect as it significantly increased the number of shocks taken
per 3 minute [F (320 =9.847, p<0.001].

Post hoc test demonstrated that zinc given alone at the dose of 10 mg/kg, i.p. had no effect on number
of shocks taken, Also MK-801 given alone at the dose of 0.05 mg/kg, i.p. was ineffective. While the combined
administration of zinc (10 mg/kg, i.p.) with MK-801 (0.05 mg/kg, i.p.) significantly increased number of shocks
compared to their per se effects (p< 0.05) and to the control group (p<0.01).
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Fig. (6). Effect of combined administration of zinc and MK-801 on the number of shocks taken per 3 min. by
mice tested in VCT. Zinc (10 mg/kg, i.p.) was administered 30 min. before the test, and MK-801 (0.05 mg/kg,
i.p.) 30 min. before zinc administration, both in a volume of 10 ml/kg. Each column represents the mean value £
S.E.M. (one-way ANOVA followed by Bonferroni’s post hoc test). ** p<0.01 vs. control group; # p<0.05 vs.
(MK-801+Zn) group; n = 8-10 per group.
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3.7. Effect of chronic zinc administration on anxiety-like behavior of mice tested in the VCT

The effects of chronic treatment with zinc at lowest effective dose (20 mg/kg, i.p.) on anxiety-like
behavior of mice tested in VCT are shown in Fig. (7).Statistical analysis with simple t-test indicated that chronic
systemic administration of zinc similarly to the acute administration significantly induced an anxiolytic-like
effect as it significantly increased the number of shocks taken per 3 minutes compared to the control group
[p<0.001].

30 233
25 A
20 A
15 A

10 1 T

No. of shocks/3 min.

O Control BZn 20

Fig. (7). Effect of chronic zinc administration at dose 20 mg/kg, i.p. on the number of shocks taken per 3 min.
by mice tested in VCT. Zinc and saline were administered chronically (14 times, last administration 24 hrs
before the test). Each column represents the mean value + S.E.M. (Simple t-test), ***p< 0.001 vs. control
group; n=8-10 per group.

V. DISCUSSION

Affective disorders (anxiety and depression) are recurrent and life threatening mental illness with high
morbidity and mortality. The World Health Organization estimates that affective disorders are now the fourth
most important cause worldwide of loss in human disability adjusted life years, and predicts that they will be the
second by the year 2020.

Data from biochemical and neuroimaging studies indicate that the modulation of normal and pathologic
anxiety and depression states is associated with multiple regions in the brain and abnormal function in several
neurotransmitter systems, including Norepinephrine (NE), y—Aminobutyric acid (GABA), Glutamate and
serotonin (5-HT). Theses systems have been the target of current pharmacological treatments for affective
disorders including benzodiazepines, tricyclic antidepressants, monoamine oxidase inhibitors and selective
serotonin reuptake inhibitors. These treatments are effective in only 60—-70% of patients and produce a variety of
unwanted side effects [28].Thus the search for “better” anxiolytics has been in progress for decades and recently
researchers focus their attention on the glutamate receptors (mainly the NMDA receptor complex)
[20,25,29,30].

Experiments described in this study showed that competitive NMDA receptor antagonist CGP 37849
had an anxiolytic-like action in mice measured in Vogel conflict test. CGP 37849 significantly increased the
number of shocks in VCT at the dose (0.6 mg/kg, i.p.) which is in line with previously published data [21,31].

Similarly, experiments described in this study showed that non-competitive NMDA receptor antagonist
MK-801 (MK-801 blocks the neurophysiologic effects of the NMDA receptor complex by binding to a site in
the ion channel of the receptor, thereby blocking the channel for cations [32]) had an anxiolytic-like action in
mice measured in Vogel conflict test. MK-801 significantly increased the number of shocks in VCT at the dose
(0.1 mg/kg, i.p.) which is in line with previously published data [21,31].All these results indicate that inhibition
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of the NMDA receptor activity by either competitive or non-competitive antagonists is involved in the
mechanism of anxiolytic activity.

Also, the present study is the first demonstration of the anxiolytic-like activity of zinc using VCT. The
results showed that zinc significantly increased the number of shocks taken per 3 minutes by mice tested in VCT
at doses 20 and 30 mg/kg,i.p. without affecting the motor activity, while 10 mg/kg,i.p. was ineffective, and this
effect was comparable with that observed with diazepam (the reference drug).

Besides the investigation of anxiolytic effect of zinc, our study aimed to investigate the possible
mechanism of this effect and the involvement of NMDA/glutamate system in this mechanism. Therefore, in the
present study we evaluate the effect of CGP 37849 (the competitive NMDA receptor antagonist) on the
anxiolytic-like activity of zinc and we chose the dose of 0.3 mg/kg, i.p. of CGP 37849, which by itself was
ineffective in VCT. The combined administration of this low dose of CGP 37849 with the ineffective dose of
zinc (10 mg/kg, i.p.) significantly increased the anxiolytic parameter (the number of shocks taken per 3 min.).
Thus, the combined treatment of zinc and competitive NMDA receptor antagonist produced a synergistic
anxiolytic-like effect in the VCT in mice.

Similarly, to evaluate the effect of MK-801 (the non-competitive NMDA receptor antagonist) on the
anxiolytic-like activity of zinc we chose the dose of 0.05 mg/kg, i.p. of MK-801 which by itself was ineffective
in VCT. The combined administration of this low dose of MK-801 with the ineffective dose of zinc (10 mg/kg,
i.p.) significantly increased the anxiolytic parameter. Thus, the combined treatment of zinc and non-competitive
NMDA receptor antagonist produced a synergistic anxiolytic-like effect in the VCT in mice.

Recently Poleszak et al., [33] demonstrated that activation of the NMDA receptor by N-methyl-D-
aspartic acid (NMDA) counteracted the NMDA receptor antagonists-induced antidepressant-like activity in the
forced swimming test (FST). In our study the anxiolytic-like activity of zinc was also antagonized by NMDA
given at dose 75 mg/Kkg, i.p.

All these results indicate that zinc behaved as typical NMDA antagonist and further support the notion
that inhibition of the NMDA receptor activity is involved in the mechanism of anxiolytic activity of zinc.

As we know, treatment of anxiety and depression in humans requires chronic (weeks) administration of
drugs for manifestation of the therapeutic effect [34], thus, the neuronal adaptive alterations seem to participate
in mechanisms of action of anxiolytic & antidepressants. For this reason, it is important to examine if tolerance
to the acute antidepressant-like effect develops after prolonged treatment with an antidepressant agent.
Development of tolerance is also an important factor in anxiolytic activity [25].

Our data demonstrate that chronic treatment with anxiolytic dose of zinc (20 mg/kg, i.p.) does not alter
the measured behavioral response to zinc challenge 24-hrs after the last dose. These results indicate that zinc
induces the anxiolytic-like effect in animals without development of tolerance to these actions, which strongly
suggests a potential anxiolytic activity of zinc in this disorder in humans.

Finally we can summarize all previous data as zinc is effective in producing an anxiolytic effect in
mice without development of tolerance or affecting the locomotor activity of the animals, and these activities are
done by acting as NMDA receptor antagonist.

It may be speculated that zinc supplementation could enhance antidepressant and anxiolytic therapy in
human. Such supplementation by zinc could allow to lower the effective doses of drugs, the unwanted side
effects could be diminished and the cost of the therapy reduced. The clinical evaluation of such assumption is
required.

V. CONCLUSION
The present results indicate that zinc is effective in producing an anxiolytic-like effect in the VCT
when administered by i.p. route and without development of tolerance to this action. Also zinc can produce a
synergistic effect with different types of NMDA receptor antagonists at their sub effective doses. This suggests
that zinc behaved as typical NMDA antagonist and further support the notion that inhibition of the NMDA
receptor activity is involved in the mechanism of anxiolytic activity of zinc.
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