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Abstract

Background: Cumulative evidence shows that dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis is involved in the
depressive disorders and natural or synthetic glucocorticoids have a direct effect on HPA activity.

Objectives: Considering the reports that show zinc deficiency is one of the causes of depressive-like behavior, the current study aimed to
examine the effects of systemic injection of zinc chloride (ZnCl,) and/or dexamethasone sodium-phosphate (DEX) on depression in adult
male rats.

Materials and Methods: Different groups received ZnCl, (2.5,5,10,and 20 mg/kg) and DEX(0.5,1,5,10,and 30 mg/kg) and then depression
was assessed in the forced swimming test (FST).

Results: Results showed that DEX 1 significantly increased, while DEX 30 and groups treated with zinc 10 mg/kg and zinc 20 mg/kg
decreased total immobility time as compared to that of saline group. Also there was a significant decrease of total immobility time when
zinc administered to rats already received DEX 1, compared with that of control group.

Conclusions: The current study findings suggest that zinc has antidepressant effects dose dependently, while administration of DEX
induced dual effects on depression; therefore, a low dose of DEX showed an increased level of depressive-like behavior while higher
doses had antidepressant effects. Also, results showed that zinc administration could ameliorate depressive-like behavior induced via

dexamethasone in FST.
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1. Background

The hypothalamic-pituitary-adrenal (HPA) system
regulating plasma corticosterone levels, controls many
physiological processes under basal physiological condi-
tions or during stress (1-3). In this regard, many articles
reported that dysregulation of the HPA axis is involved in
depressive disorders, and reflected primarily in excessive
secretion of natural glucocorticoids (4-7). On the other
hand synthetic glucocorticoids such as Dexamethasone
(9 a-fluoro-16a-methylprednisolone) that is a potent and
rather selective glucocorticoid receptor (GR) ligand has
direct effects on energy metabolism, the immune sys-
tem and HPA axis activity and also if moderate amounts
of dexamethasone are injected (8), the pituitary will be
the preferred location for the inhibitory activity of DEX
at the HPA axis (8-10) because the efflux transporter P-gly-
coprotein regulate HPA axis function limits the access of
synthetic glucocorticoids to the brain and there is almost
no P-glycoprotein in pituitary (10).

Increasing depressive-like behavior is reported in zinc-

deficient animals, probably through stimulating HPA
system (11), since abnormal glucocorticoid secretion is
shown along with zinc deficiency (12-14). Interestingly,
Zn-containing neurons are mostly found in the areas
known to be important in anxiety/depression including
cerebral cortical regions, hippocampus, most amygda-
loid nuclei, and the lateral septum (11). In case of interac-
tion between zinc and glucocorticoid, different results
are reported.

In addition, normalization of low levels of serum zinc
and high levels of corticosterone in zinc deficient rats
with antidepressant therapy is reported (15). Further-
more, zinc is active in forced swimming test (FST) and tail
suspension tests (TST) in mice and rats, as well as increas-
es efficacy of conventional antidepressants (16, 17).

It is evident that zinc and glutamate co-released from
zincergic neurons, and corticosterone dose dependently
increase the release of reactive zinc from neuron termi-
nals in the hippocampus; thus, glucocorticoid-glutama-
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tergic interactions can be a potential model to describe
the events that occur in stressful situations (18), and glu-
cocorticoids by homeostasis of synaptic Zn?* and gluta-
mate have important role in behavioral responses (19).

Considering that rats deprived from sufficient amounts
of zinc, showed an enlargement of the adrenal gland (20)
and an increase in serum corticosterone levels, it can be
concluded that zinc deficiency affects dysregulation of
the HPA axis (11, 21, 22). Furthermore, systemic injection
of zinc shows antidepressant effects in male rats (23).

2. Objectives

Furthermore, considering the genomic and non-ge-
nomic interactions between central GRs and NMDA re-
ceptors in other fields such neuropathic pain in rat (24)
and according to the existence of positive correlation be-
tween zinc deficiency and serum glucocorticoids (11, 21,
22), and since the improvement of neuropsychological
performance occurred with zinc supplementation (11, 20,
22), the current study aimed to investigate the possible
interaction between zinc chloride and synthetic gluco-
corticoid dexamethasone on the depressive like behavior
using a FST in adult male rats.

3. Materials and Methods

3.1. Animals

One-hundred and four male Wistar rats (200 * 20 g),
three months old, were housed in plexiglass cages (four
animal per cage) at a temperature of 23 + 2°C and a 12/12
hourslight-dark cycle (light on at 07:00). Allanimals were
provided by Ahvaz University of Medical Sciences animal
breeding house and were kept for seven days before start-
ing the experiments to adapt to the new houses with free
access to food and water. Then, they were divided into 13
groups. Vehicle (saline) was administrated in the intact
and control groups and the other groups were admin-
istrated with dexamethasone sodium-phosphate and
ZnCl, in different doses. All experiments were performed
between 8:00 am to 2:00 pm, and were according to the
instructions to work with laboratory animals approved
by Shahid Chamran University of Ahvaz.

3.2. Apparatus

The experimental device used to measure depressive-
like behavior was a plexiglass cylinder (height 50 cm, di-
ameter 30 cm) containing 30 cm of water, maintained at
25°C was used as FST apparatus (25).

3.3. Drugs

The following drugs were used: Dexamethasone sodi-
um-phosphate from Aburaihan Pharmaceutical Com-
pany (Iran) and zinc chloride from Merk (Germany). All
drugs were dissolved in the saline and volume of all injec-
tions was 1 mL/kg.

In the first experiment, animals were subcutaneously
injected with different doses of DEX 24 hours before
evaluation of depression (25). In the second experiment
animals received different doses of ZnCl,, intraperitone-
ally (IP) 24 hours and 30 minutes before evaluation of the
test, and in the third experiment the effects of different
doses of ZnCl, (10 and 20 mg/kg) + DEX (1mg/kg) pretreat-
ment groups were examined in the FST, and the total im-
mobility time and latency to immobility were recorded
as measures of depression.

3.4. Procedure

Rats were divided into 13 groups (n = 8 each) including:
non treated, saline, DEX (0.5, 1, 5,10 and 30 mg/kg, SC) (3,
25) and ZnCl, (2.5, 5,10 and 20 mgkg, IP) (26). The doses
tested for interaction groups were ZnCl, (10 and 20 mg|
kg, IP) and DEX (1 mg/kg SC) pretreatment.

3.5. Statistical Analysis

The collected data were analyzed using one-way analy-
sis of variance (ANOVA). Post hoc analysis using the least
significant difference (LSD) was applied when appropri-
ate. The decision criterion for statistical tests of signifi-
cance was P <0.05.

4.Results

The first experiment examined the effect of DEX on
depression. Results showed that DEX 1 significantly in-
creased while DEX 30 decreased total immobility time
compared with those of saline group respectively (P <
0.01). Further comparisons revealed a decrease of latency
to immobility in DEX 1 as compared to those of saline
group, but did not reach significance criteria (Figure 1).

The second experiment examined the effect of zinc ad-
ministration on depression. Results showed a significant
decrease of total immobility time in the groups treated
with zinc 10 mg/kg (P < 0.01) and zinc 20 mg/kg (P <
0.001) as compared to that of saline group. There was no
significant difference in latency to immobility among all
groups (Figure 2).
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Figure 1. Effect of different doses of dexamethasone sodium-phosphate
24 hours after subcutaneous injection on depressive-like behavior,n =8, *
P <0.05, **P < 0.001 compared with those of the saline group.
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Figure 2. Effect of different doses of zinc chloride 30 minutes after intra-
peritoneally injection of ZnCl, on depressive-like behavior, n =8, ** P <
0.01, *** P < 0.001 compared with that of the saline group.
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Figure 3. Effect of different doses of ZnCl, + DEX (1 mg/kg) pretreatment
on depressive-like behavior,* P < 0.05 compared with that of the saline

group.

The third experiment examined the effect of zinc on de-
pression in groups pre-treated with DEX 1. There were sig-
nificant decreases (P < 0.05) of total immobility time in
the groups that received zinc (20 mg/kg) + DEX (1 mg/kg)
concomitantly as compared to that of the saline group.
There was no significant difference in latency to immo-
bility among groups co-administered with zinc + DEX1
(Figure 3).

5. Discussion

The current study investigated the effects of dexa-
methasone, zinc and their interaction on depression as-
sessed by FST. The findings indicated that ZnCl-treated
groups showed a gradual and dose dependent decrease
in depressive-like behavior. DEX had a dual effect on de-
pression, increased and decreased depression with lower
and higher doses, respectively. Effective dose of zinc (20
mg/kg) significantly decreased dexamethasone induced
depressant effects in rats. Therefore, it may reasonably be
speculated that zinc supplementation has potential im-
portance as antidepressant therapy in rats.

The obtained results were interesting and the authors
found some possible explanation to indicate the mecha-
nisms underlying DEX effects on depressive-like behav-
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ior. The current study suggested that dexamethasone has
dual effects on depression; therefore, a low dose of DEX
showed an increased level of depression while higher
doses had antidepressant effects (25).

It seems that low doses of dexamethasone have little
access to the brain, probably due to the P-gp pump ac-
tivity in the blood-brain barrier (8, 27). Poorly binding
of the small amount of dexamethasone (unlike corti-
sol) to minralocorticoid receptors (MRs), left these re-
ceptors without ligand in the brain. Deprivation of this
part of brain from corticosteroid (CR) signaling (28),
and creation of hypocorticoid brain state (8) result in
a number of changes in neurotransmitter systems and
is sensed by central regulatory elements of the HPA sys-
tem (28, 29). Thus divergence of central hypocorticoid
state due to hampered access of low doses of dexameth-
asone (8), followed by peripheral hypercorticoid state
or increased cortisol circulation (8, 30, 31) would result
in HPA dysregulation and development of depression
in rats (5-7). However, the P-glycoprotein barrier is in-
volved and can be overcome by high amounts of dexa-
methasone to suppress the HP axis activation and de-
crease the depression symptoms in rats (8). Following
the above mentioned descriptions, some articles re-
ported that higher doses of dexamethasone had much
more inhibitory effects than lower doses on HPA axis
function in humans (27, 28, 32).

Li et al. reported that neonatal DEX exposure showed
behavioral disorders such as anxiety and depressive-like
behavior in juvenile and adult mice and interestingly,
pretreatment with Ro 63-1908 (an antagonist at GluN2B
subunit) or L701324, antagonist of the glycine modula-
tory site on the NMDA receptor significantly decreased
these behavioral abnormalities through altering NMDA
receptor neurotransmission in the hippocampus (33).
Previous studies also showed that preincubation of hip-
pocampal neurons with high levels of corticosterone or
dexamethasone for 20 minutes induced a rapid and non-
genomic Ca?* elevation under NMDA stimulation (34).

In other words, dexamethasone exerts its rapid neuro-
toxic effects probably by increasing calcium flow through
NMDA channel, which is blocked by NMDA receptor an-
tagonists (35).

Further support is provided when materials that de-
crease NMDA activation have antidepressant effects in
clinical studies (36). Increased glucocorticoid levels as
a result of clinical situations including depression, the
Cushing syndrome, and injection of synthetic glucocor-
ticoids can induce behavioral disorders that may occur
through NMDA receptor downstream events.

Although many studies revealed that dexamethasone
potentiates glutamate neurotoxicity and enhanced ex-
pression of NMDA sub unit genes and proteins, an article
reported that dexamethasone and corticosterone de-
crease calcium overload in neurons and astrocytes and
can be useful to protect glutamate cell toxicity (37). In an
overall view, it is evident that there is a possible correla-
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tion between the activation of corticosteroids and NMDA
receptors, which may result in depressive behaviors.

Thus, in future, NMDA receptor antagonist may have a
potentially therapeutic role in the behavioral disorders
(38), and zinc as a potent inhibitor of NMDA receptor
could be a major focus of administration as an antide-
pressant agent (36). Also it was shown that chronic anti-
depressant therapy increased concentration and potency
of zinc in blocking NMDA in the Central Nervous System
(39).

For instance, acute, sub-chronic and chronic adminis-
tration of 65 mg/kg zinc hydroaspartate (11.5 mg Zn/kg)
was effective in the FST and decreased total immobility
time in rats (40). In another report sub-chronic or chron-
ic zinc administrations were more effective than acute
dose in the FST (41).

Another study showed that zinc chloride (10 and 30 mg/
kg; P.O) reduced immobility time in the TST and had syn-
ergistic antidepressant effects in sub-effective doses (42).
There are some reports in which zinc had no significant
effect on depression. For example, Franco et al. reported
that acute administration of zinc chloride (5, 15 and 30
mg/kg, IP) did not change immobility time compared
with the control group. Also, animals receiving single
zinc dose (5, 15 and 30 mg/kg, IP) 24 hours prior to analy-
sis showed no changes in the FST (43).

It is speculated that the observed effects of dexametha-
sone in the current study might be explained in terms of
interference with neurotransmitter systems, particularly
the glutamatergic system, which is also affected by zinc.
Interestingly, these effects were observed after the short
period of time that had elapsed between the injections
and the test, suggesting a nongenomic effect via mem-
brane-located receptors (44).

For example corticosterone and dexamethasone in-
creased extracellular aspartate and glutamate levels in
the CAlarea of the hippocampus (45), while zinc as a neg-
ative feedback factor decreased glutamate release in the
hippocampus (46-48).

Also it seems that the nitric oxide system performance
following NMDA receptor activation may have a role in
the interference of zinc chloride and dexamethasone in
the modulation of depression. Since NMDA receptor an-
tagonists (49, 50) and nitric oxide synthase inhibitors
affected depression (49, 51) by decreasing plasma corti-
costerone levels (52), it is reported that zinc as a potent
endogenous inhibitor of the NMDA receptor and nitric
oxide synthase in the brain, has antidepressant action
both in the FST and TST. Rosa et al. showed that acute ad-
ministration of zinc chloride in 30 mg/kg IP significantly
decreased immobility time in the forced swimming test
(36).

But dexamethasone is argued to enhance NMDA excito-
toxicity in seven-day-old rats, time dependently (45). In
conclusion, the current study suggests that dexametha-
sone and zinc chloride affect the modulation of depres-
sive-like behaviors and zinc chloride can partially reverse

depressive effects of dexamethasone in adult male rats,
as assessed in the forced swimming test.

Acknowledgments

The authors gratefully acknowledge the assistance of
Mr. Pour-Mehdi in statistical analyses.

Footnotes

Authors’ Contributions:Study concept and design:
Hooman Eshagh Harooni and Seyedeh Parisa Navabi;
acquisition of data: Seyedeh Parisa Navabi; analysis and
interpretation of data: Hooman Eshagh Harooni and Ah-
mad Ali Moazedi; drafting of the manuscript: Seyedeh
Parisa Navabi; critical revision of the manuscript for im-
portant intellectual content: Hooman Eshagh Harooni
and Lotfolah Khajehpour; administrative, technical, and
material supports: Hooman Eshagh Harooni and Ahmad
Ali Moazedi; study supervision: Hooman Eshagh Harooni
and Ahmad Ali Moazedi.

Funding/Support:The current study was supported by
a grant from research deputy of Shahid Chamran Univer-
sity of Ahvaz.

References

1. Jelic S, Cupic Z, Kolar-Anic L. Mathematical modeling of the
hypothalamic-pituitary-adrenal system activity. Math Biosci.
2005;197(2):173-87. doi: 10.1016[j.mbs.2005.06.006. [PubMed:
16112688]

2. Maccari S, Morley-Fletcher S. Effects of prenatal restraint stress
on the hypothalamus-pituitary-adrenal axis and related behav-
ioural and neurobiological alterations. Psychoneuroendocrinol-
0gy. 2007;32 Suppl 1:510-5. doi: 10.1016/j.psyneuen.2007.06.005.
[PubMed: 17651905]

3. Ninomiya EM, Martynhak BJ, Zanoveli JM, Correia D, da Cunha
C, Andreatini R. Spironolactone and low-dose dexamethasone
enhance extinction of contextual fear conditioning. Prog Neuro-
psychopharmacol Biol Psychiatry. 2010;34(7):1229-35. doi: 10.1016/j.
pnpbp.2010.06.025. [PubMed: 20599458]

4. Deussing JM, Wurst W. Dissecting the genetic effect of the
CRH system on anxiety and stress-related behaviour. C R Biol.
2005;328(2):199-212. [PubMed: 15771006]

5. Casarotto PC, Andreatini R. Repeated paroxetine treatment re-
verses anhedonia induced in rats by chronic mild stress or dexa-
methasone. Eur Neuropsychopharmacol. 2007;17(11):735-42. doi:
10.1016/j.euroneuro.2007.03.001. [PubMed: 17462866]

6. Van den Bergh BR, Van Calster B, Pinna Puissant S, Van Huffel S.
Self-reported symptoms of depressed mood, trait anxiety and
aggressive behavior in post-pubertal adolescents: Associations
with diurnal cortisol profiles. Horm Behav. 2008;54(2):253-7. doi:
10.1016[j.yhbeh.2008.03.015. [PubMed: 18499109

7. Ulloa JL, Castaneda P, Berrios C, Diaz-Veliz G, Mora S, Bravo JA,
et al. Comparison of the antidepressant sertraline on differen-
tial depression-like behaviors elicited by restraint stress and
repeated corticosterone administration. Pharmacol Biochem
Behav. 2010;97(2):213-21. doi: 10.1016j.pbb.2010.08.001. [PubMed:
20705085]

8. Karssen AM, Meijer OC, Berry A, Sanjuan Pinol R, de Kloet ER. Low
doses of dexamethasone can produce a hypocorticosteroid state
in the brain. Endocrinology. 2005;146(12):5587-95. doi: 10.1210/
€n.2005-0501. [PubMed: 16150912]

9. Bremner ]D, Vythilingam M, Vermetten E, Anderson G, Newcom-
er JW, Charney DS. Effects of glucocorticoids on declarative mem-
ory function in major depression. Biol Psychiatry. 2004;55(8):811-
5.doi: 10.1016/j.biopsych.2003.10.020. [PubMed: 15050862]

Jentashapir ] Health Res. 2015;6(6):e24297



Navabi SP et al.

12.

13.

14.

15.

16.

17.

19.

20.

21

22.

23.

24.

25.

26.

27.

Mason BL, Pariante CM, Thomas SA. A revised role for P-glyco-
protein in the brain distribution of dexamethasone, cortisol,
and corticosterone in wild-type and ABCB1A[B-deficient mice.
Endocrinology. 2008;149(10):5244-53. doi: 10.1210/en.2008-0041.
[PubMed: 18556350]

Watanabe M, Tamano H, Kikuchi T, Takeda A. Susceptibility to
stress in young rats after 2-week zinc deprivation. Neurochem
Int. 2010;56(3):410-6. doi: 10.1016/j.neuint.2009.11.014. [PubMed:
19931332]

Takeda A. Zinc signaling in the hippocampus and its relation to
pathogenesis of depression. Mol Neurobiol. 2011;44(2):166-74. doi:
10.1007/s12035-010-8158-9. [PubMed: 21161611]

Takeda A, Tamano H, Ogawa T, Takada S, Ando M, Oku N, et al.
Significance of serum glucocorticoid and chelatable zinc in
depression and cognition in zinc deficiency. Behav Brain Res.
2012;226(1):259-64. doi: 10.1016[j.bbr.2011.09.026. [PubMed:
21946308]

Hosea Blewett HJ, Rector ES, Taylor CG. Altered ex vivo cytokine
production in zinc-deficient, pair-fed and marginally zinc-
deficient growing rats is independent of serum corticoste-
rone concentrations. Br | Nutr. 2008;100(4):820-8. doi: 10.1017/
S0007114508942148. [PubMed: 18307831]

Mlyniec K, Budziszewska B, Reczynski W, Doboszewska U, Pilc A,
Nowak G. Zinc deficiency alters responsiveness to antidepres-
sant drugs in mice. Pharmacol Rep. 2013;65(3):579-92. [PubMed:
23950580]

Szewczyk B, Poleszak E, Sowa-Kucma M, Siwek M, Dudek D, Rysze-
wska-Pokrasniewicz B, et al. Antidepressant activity of zinc and
magnesium in view of the current hypotheses of antidepressant
action. Pharmacol Rep. 2008;60(5):588-9. [PubMed: 19066406]
Szewczyk B, Poleszak E, Wlaz P, Wrobel A, Blicharska E, Cichy A, et
al. The involvement of serotonergic system in the antidepressant
effect of zinc in the forced swim test. Prog Neuropsychopharmacol
Biol Psychiatry. 2009;33(2):323-9. doi: 10.1016/j.pnpbp.2008.12.011.
[PubMed: 19150479]

Takeda A. Zinc signaling in the hippocampus and its relation
to pathogenesis of depression. ] Trace Elem Med Biol. 2012;26(2-
3):80-4. doi: 10.1016/j.jtemb.2012.03.016. [PubMed: 22560194]
Takeda A, Tamano H. Proposed glucocorticoid-mediated zinc
signaling in the hippocampus. Metallomics. 2012;4(7):614-8. doi:
10.1039/c2mt20018j. [PubMed: 22610492]

Takeda A, Tamano H, Kan F, Itoh H, Oku N. Anxiety-like behav-
ior of young rats after 2-week zinc deprivation. Behav Brain Res.
2007;177(1):1-6. doi: 10.1016/j.bbr.2006.11.023. [PubMed: 17166602]
Takeda A, Tamano H. Insight into zinc signaling from dietary zinc
deficiency. Brain Res Rev. 2009;62(1):33-44. doi: 10.1016/j.brainres-
rev.2009.09.003. [PubMed: 19747942]

Tamano H, Kan F, Kawamura M, Oku N, Takeda A. Behavior in the
forced swim test and neurochemical changes in the hippocam-
pus in young rats after 2-week zinc deprivation. Neurochem Int.
2009;55(7):536-41. doi: 10.1016/j.neuint.2009.05.011. [PubMed:
19463882]

Samardzic |, Savic K, Stefanovic N, Matunovic R, Baltezarevic D,
Obradovic M, et al. Anxiolytic and antidepressant effect of zinc
onrats and its impact on general behavioural parameters. Vojno-
sanit Pregl. 2013;70(4):391-5. [PubMed: 23700944]

Wang S, Lim G, Zeng Q, Sung B, Yang L, Mao ]. Central gluco-
corticoid receptors modulate the expression and function of
spinal NMDA receptors after peripheral nerve injury. | Neuro-
sci. 2005;25(2):488-95. doi: l0.1523/]NEUROSCI.4127-04.2005.
[PubMed: 15647493

Navabi SP, Moazedi AA, Eshagh-Harooni H, Khaje-pour L. Dual ef-
fect of dexamethasone administration on anxiety and depres-
sion in adult male rats. Physiol Pharmacol. 2013;17(2):240-9.
Partyka A, Jastrzebska-Wiesek M, Szewczyk B, Stachowicz K, Sla-
winska A, Poleszak E, et al. Anxiolytic-like activity of zinc in ro-
dent tests. Pharmacol Rep. 2011;63(4):1050-5. [PubMed: 22001993
Tegethoff M, Pryce C, Meinlschmidt G. Effects of intrauterine
exposure to synthetic glucocorticoids on fetal, newborn, and
infant hypothalamic-pituitary-adrenal axis function in humans:
a systematic review. Endocr Rev. 2009;30(7):753-89. doi: 10.1210/
€1.2008-0014. [PubMed: 19837868]

Jentashapir ] Health Res. 2015;6(6):e24297

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Holsboer F. The corticosteroid receptor hypothesis of depres-
sion. Neuropsychopharmacology. 2000;23(5):477-501. doi: 10.1016/
50893-133X(00)00159-7. [PubMed: 11027914

Navarrete M, Nunez H, Ruiz S, Soto-Moyano R, Valladares L,
White A, et al. Prenatal undernutrition decreases the sensitiv-
ity of the hypothalamo-pituitary-adrenal axis in rat, as revealed
by subcutaneous and intra-paraventricular dexamethasone
challenges. Neurosci Lett. 2007;419(2):99-103. doi: 10.1016/j.neu-
let.2007.04.019. [PubMed: 17481809]

Shoener JA, Baig R, Page KC. Prenatal exposure to dexamethasone
alters hippocampal drive on hypothalamic-pituitary-adrenal
axis activity in adult male rats. Am ] Physiol Regul Integr Comp
Physiol. 2006;290(5):R1366-73. doi: 10.1152/ajpregu.00757.2004.
[PubMed: 16397092]

Mesquita AR, Wegerich Y, Patchev AV, Oliveira M, Leao P, Sousa
N, et al. Glucocorticoids and neuro- and behavioural develop-
ment. Semin Fetal Neonatal Med. 2009;14(3):130-5. doi: 10.1016j.
siny.2008.11.002. [PubMed: 19084485]

Hougaard KS, Andersen MB, Kjaer SL, Hansen AM, Werge T, Lund
SP. Prenatal stress may increase vulnerability to life events:
comparison with the effects of prenatal dexamethasone.
Brain Res Dev Brain Res. 2005;159(1):55-63. doi: 10.1016/j.dev-
brainres.2005.06.014. [PubMed: 16085319

Li SX, Fujita Y, Zhang JC, Ren Q, Ishima T, Wu J, et al. Role of the
NMDA receptor in cognitive deficits, anxiety and depressive-
like behavior in juvenile and adult mice after neonatal dexa-
methasone exposure. Neurobiol Dis. 2014;62:124-34. doi: 10.1016j.
nbd.2013.09.004. [PubMed: 24051277]

Takahashi T, Kimoto T, Tanabe N, Hattori TA, Yasumatsu N, Kawa-
to S. Corticosterone acutely prolonged N-methyl-d-aspartate
receptor-mediated Ca2+ elevation in cultured rat hippocampal
neurons. | Neurochem. 2002;83(6):1441-51. [PubMed: 12472898
Jacobs CM, Trinh MD, Rootwelt T, Lomo ], Paulsen RE. Dexa-
methasone induces cell death which may be blocked by NMDA
receptor antagonists but is insensitive to Mg2+ in cerebellar
granule neurons. Brain Res. 2006;1070(1):116-23. doi: 10.1016/j.
brainres.2005.10.093. [PubMed: 16403471]

Rosa AO, Lin ], Calixto B, Santos AR, Rodrigues AL. Involvement
of NMDA receptors and L-arginine-nitric oxide pathway in
the antidepressant-like effects of zinc in mice. Behav Brain Res.
2003;144(1-2):87-93. [PubMed: 12946598]

Suwanjang W, Holmstrom KM, Chetsawang B, Abramov AY.
Glucocorticoids reduce intracellular calcium concentration
and protects neurons against glutamate toxicity. Cell Calcium.
2013;53(4):256-63. doi:  10.1016/j.ceca.2012.12.006. [PubMed:
23340218]

Jing H, Iwasaki Y, Nishiyama M, Taguchi T, Tsugita M, Taniguchi Y,
et al. Multisignal regulation of the rat NMDAI receptor subunit
gene-a pivotal role of glucocorticoid-dependent transcription.
Life Sci. 2008;82(23-24):1137-41. doi: 10.1016/j.1fs.2008.03.022.
[PubMed: 18468644]

Kroczka B, Branski P, Palucha A, Pilc A, Nowak G. Antidepressant-
like properties of zinc in rodent forced swim test. Brain Res Bull.
2001;55(2):297-300. [PubMed: 11470330]

Nowak G, Szewczyk B, Wieronska JM, Branski P, Palucha A, Pilc A,
et al. Antidepressant-like effects of acute and chronic treatment
with zinc in forced swim test and olfactory bulbectomy model in
rats. Brain Res Bull. 2003;61(2):159-64. [PubMed: 12832002]
Swardfager W, Herrmann N, McIntyre RS, Mazereeuw G, Gold-
berger K, Cha DS, et al. Potential roles of zinc in the pathophysiol-
ogy and treatment of major depressive disorder. Neurosci Biobe-
hav Rev. 2013;37(5):911-29. doi: 10.1016[j.neubiorev.2013.03.018.
[PubMed: 23567517]

Cunha MP, Machado DG, Bettio LE, Capra JC, Rodrigues AL. Inter-
action of zinc with antidepressants in the tail suspension test.
Prog Neuropsychopharmacol Biol Psychiatry. 2008;32(8):1913-20.
doi: 10.1016/j.pnpbp.2008.09.006. [PubMed: 18824054]

Franco JL, Posser T, Brocardo PS, Trevisan R, Uliano-Silva M, Gabi-
lan NH, et al. Involvement of glutathione, ERK1/2 phosphoryla-
tion and BDNF expression in the antidepressant-like effect of
zinc in rats. Behav Brain Res. 2008;188(2):316-23. doi: 10.1016/j.
bbr.2007.11.012. [PubMed: 18191237]



Navabi SP et al.

44.

45.

46.

47.

48.

49.

Harris A, Seckl J. Glucocorticoids, prenatal stress and the
programming of disease. Horm Behav. 2011;59(3):279-89. doi:
10.1016/j.yhbeh.2010.06.007. [PubMed: 20591431]

Ferreira VM, Takahashi RN, Morato GS. Dexamethasone reverses
the ethanol-induced anxiolytic effect in rats. Pharmacol Biochem
Behav.2000;66(3):585-90. [PubMed: 10899374]

Takeda A, Tamano H. Zinc signaling through glucocorticoid and
glutamate signaling in stressful circumstances. | Neurosci Res.
2010;88(14):3002-10. doi: 10.1002/jnr.22456. [PubMed: 20568287]
Takeda A. Analysis of Brain Function and Prevention of Brain Dis-
eases: the Action of Trace Metals. | Health Sci. 2004;50(5):429-42.
doi: 10.1248jhs.50.429.

Mocchegiani E, Bertoni-Freddari C, Marcellini F, Malavolta M.
Brain, aging and neurodegeneration: role of zinc ion avail-
ability. Prog Neurobiol. 2005;75(6):367-90. doi: 10.1016/j.pneuro-
bi0.2005.04.005. [PubMed: 15927345]

Barkus C, McHugh SB, Sprengel R, Seeburg PH, Rawlins JN, Banner-
man DM.Hippocampal NMDAreceptorsand anxiety:atthe interface

50.

5L

52.

between cognition and emotion. Eur] Pharmacol. 2010;626(1):49-56.
doi: 10.1016/j.ejphar.2009.10.014. [PubMed: 19836379]

Poleszak E, Wosko S, Serefko A, Szopa A, Wlaz A, Szewczyk B, et al.
Effects of ifenprodil on the antidepressant-like activity of NMDA
ligands in the forced swim test in mice. Prog Neuropsychopharma-
col Biol Psychiatry. 2013;46:29-35. doi: 10.1016/j.pnpbp.2013.06.001.
[PubMed: 23774195]

Tomaz VS, Cordeiro RC, Costa AM, de Lucena DF, Nobre Junior
HV, de Sousa FC, et al. Antidepressant-like effect of nitric oxide
synthase inhibitors and sildenafil against lipopolysaccha-
ride-induced depressive-like behavior in mice. Neuroscience.
2014;268:236-46.  doi: 10.1016/j.neuroscience.2014.03.025.
[PubMed: 24662848]

Pinnock SB, Balendra R, Chan M, Hunt LT, Turner-Stokes T, Her-
bert J. Interactions between nitric oxide and corticosterone in
the regulation of progenitor cell proliferation in the dentate
gyrus of the adult rat. Neuropsychopharmacology. 2007;32(2):493-
504. doi: 10.1038sj.npp.1301245. [PubMed: 17077807|

Jentashapir ] Health Res. 2015;6(6):e24297



