Available online at www.derpharmachemica.com

Kz)’%.
L =w=

ISSN 0975-413X
CODEN (USA): PCHHAX

Scholars Research

Scholars Research Library FQK\‘%"‘%_'I

++De,
** e\

Der Pharma Chemica, 2015, 7(1):128-147
(http://derpharmachemica.com/archive.html)

Significance of vitamin D in combination with calcum in modulation of
depression in the experimental model

Hanaa H. Ahmed”, Samiha M. Abd El Dayen®, Fatma M. Aly Foda® and Heba A.
Mohamed’

#Department of Hormones, National Research CentaéroCEgypt
Department of Zoology, Girl's College for Arts, &ute and Education, Ain Shams University, CairgjdEg

ABSTRACT

Depression is considered as a mood disorder thah&acterized by change in mood, lack of confidesmad lack
of interest in surroundings. The present study plasned to investigate the antidepressant actigftyitamin D
plus calcium in combinationagainst depression iretlin the experimental model in attempt to claitifymode of
action.This study was conducted on 40 adult mébnal rats (3 months old) divided into 4 groups n=Gf.(1)
negative control group, Gp.(2) reserpinized groupo&itive control group) received reserpine in asemf 0.1
mg/kg b.wt., Gp.(3) reserpinized group treatechvitw dose of vitamin D(6 mg/kg b.wt) plus calci(@B.5 mg
/rat/day) and Gp.(4) reserpinized group treatedhaliigh dose of vitamin D (12 mg/kg b.wt) plus aaici(27 mg
/rat/day) . Brain neurotransmitters (serotonin atiojppamine) contents, the value of brain proinflanmonatytokine
(TNF-), the content of brain derived neutrophic factBDNF) and the level of the antiapoptic mediatorl{Bras
well as survivin expression and the histologicaraination in the brain tissue were carried out.domparison
with the negative control group, the reserpinizedup recorded significant decrease in brain seratoand
dopamine contents and significant increase in ttanbcontent of TNFx . Moreover, significant decrease in brain
BDNF and Bcl2 contents were detected in the reserpinized gmuppared with the negative control group.
Histological examination of brain tissue sectiorisrats in the reserpinized group showed neuronahdge and
shrinkage. The basophilic neurons showed core sikrin cerebrum. Also, dark neurons of the hippgoasrnand
marked necrosis of the pyramidal neurons were edtitmmunohistochemical examination of brain tisesiag
antibody against survivin showed weak positive tieacindicating low expression level of survivinthre brain of
rats in the reserpinized group with respect to ttegative control group. On the other hand, treatmehthe
reserpinized groups with either low or high dosevitdmin D plus calcium resulted in remarkable impement in
the biochemical parameters, immunohistocchemicadl lwstological examination in a dose dependent reanim
conclusion, the present work provides a clear evidefor the antidepressant effect of vitamin D patcium
through activation of serotoninergic and dopamiriergystem, reduced levels of ACTH and corticosteron
inhibition of proinflammatory cytokine, promotiof meurotrophic factor and upregulation of antiapimptnarkers
in the brain.

Key words: Depression, vitamin D, neurotransmitters, apopidsistopathology.
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INTRODUCTION

Depression is defined as mood disorder that leadthé alteration of mood, lack of interest in sumdings,
decreased energy level,lack of confidence, poorceomation, sleep disturbance and the arousal ghtie
thoughts[1].

Depression is the most commonly occurring life-#teaing neuropsychiatric disorder with a lifetimeyalence
approaching 15-25%. Globally, it ranks fourth amtmgleading causes of disability [2, 3]. Moreowaagording to
World Health Organization, it will be the secondglest contributor to global burden of disease leyytsar 2020[4].
The increasing burden and prevalence of depressake the search for an extended understandingdadtiology
and pathophysiology of depression highly signifid&n 6], yet despite this its exact aetiology aredirobiology still
remain unclear.

Depressive disorders are currently split into twajon categories:major depressive disorder (MDD, aképolar
depression) and bipolar disorder (BD). Depresstsalfi is characterised by feelings of hopelessniess,self-
esteem, inability to experience pleasure(anhedoa) cognitive deficits. Depression is also fredlypreceded by
and comorbid with numerous other symptoms and ¢mmdi such as anxiety [7,8,9], tinnitus [10]paii]lstroke
(Poststroke Depression(PSD) [12], migraines [13,1dpilepsy [15], irritable bowel syndrome(IBS)[16],
cardiovascular disease[17], chronic fatigue synar@fkS/ME)[18], and neurodegenerative conditions4Q21].
Thefrequent comorbidity of depression, taken togetlith itsincreasingassociation with biochemicabieges
throughout the body [22, 23, 24], challenges ththamox conceptualisation of depression as adisenéty
responsible for various somatic symptoms, and austeggests that it may often be associated witladamo
dysfunctionin the body, and could result from detjical factors commonto other associated disordbrs
particular, whilst most aetiologicalmodels of degmien typically emphasise genetic, neurodevelopatemnd
psychological stressors, relatively little attentibasbe given to other environmental factors aretifipally a
neurometabolicunderstanding of the illness[25].

Reserpine, the most important Rauwolfia indole laikk is awell known sympatholytic, antihyperteresiand
sedative agent.It was isolated from the roots efglant Rauwolfia serpentina. Its biological actistio inhibit the
storage of dopamine in the synaptic vesicles, th@ye generating evacuation of catecholamines ofyhgpathetic
and central nervous system. It is used as a sedatid hypnotic as well as for reducing blood presdiiworks by
decreasing the heart rate andrelaxing the blooskl®so that blood can flow more easily throughbtbay. It is also
used to treat severe agitationin patients with ededisorders. The side effects of reserpine inclsigepiness,
depression, galactorrhoea, ulcer, diarrhoea angboamcer in women over 50 years old. Thereforggraenation
of reserpine is of great importance and interesherically reserpine is (Methylf3L63,170,183,200)-
11,17dimethoxy-18-[(3,4,5-trimethoxybenzoyl)oxy]yotban-16-carboxylate) [26]

Vitamin D is a steroid with a broken ring and, asts is hamed a seco-steroid. Vitamin D2 (ergofetial) and
vitamin D3 (cholecalciferol) are the two major fagmof vitamin D. Vitamin D2 is derived from plantdile vitamin
D3 is produced photochemically in the animal epitder The action of UVB radiation (295—310 nM) on 7-
dehydrocholesterol results in the production of-yitemin D which, after thermo-conversion and tweparate
hydroxylations (performed by the P450 enzymes 2hdwylase and la-hydroxylase, respectively), ghigsto the
active 1,25-(OH)2D. Vitamin D synthesis peaks av&@ngths between 295 and 297 nm (UV index greahtar 3)
and satisfactory amounts of vitamin D are produagdr 15 min of sun exposure, at least twice a w&eken
exposed to UVB rays during a longer period, theybddgrades pre-vitamin D as fast as it generatemdk
equilibrium is achieved.

1,25-(OH)2D can be considered as an hormone wisiagkleased into the circulation and, with the a&assite of
vitamin D binding protein (VDBP), is transported t@rious target organs [27].Vitamin D3 is traditadiy
recognized as a potent regulator of calcium andégphorus metabolism [28].

The focus of our interest was to evaluate the aptigssant efficacy of a combination of vitamin IDspcalcium
against depression induced in the animal model sp#tial concern on its possible mechanism of actio
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MATERIALS AND METHODS

Experimental Animals

Adult male albino rats (120-150g), 12 weeks old evebtained from the Animal House Colony of the biadl
Research Centre. They were kept in plastic cagesoat temperature (26) and humidity (55%) under 12h dark-
light cycle. All animals were accommodated withdedtory conditions for at least two weeks beforee eékperiment
and maintained under the same of conditions all tve experiment. Diet and water were allovestiibitum All
animals received human care in compliance withgtidelines of the Ethical committee of Medical Resé of the
National Research Centre, Cairo, Egypt.

Experimental Design

Animals were randomly divided into four groups {Hds for each). The first group received salinaisoh orally

and served as negative control group. The secanpgeceived reserpine intraperitoneal (i.p.) doae 0.1 mg / kg
b.wt[29]for 45 days to develop a model of deprassidese animals remained to receive reserpingfatays more
(reserpinized group or positive control group).Thigd group was a reserpinized group that recelegddose of
vitamin D(6 mg/kg b.wt) plus calcium (13.5 mg /dety)orally in the last 30 days. The fourth groupsvwa
reserpinized group that received high dose of \itabn(12 mg/kg b.wt) plus calcium (27 mg /rat/dayally in the

last 30 days.

Sample Collection

At the end of the experimental period (75 dags},animals were scarified and the whole brainagheanimal was
rapidly dissected, thoroughly washed with isot@aline, weighed and sagitally divided into two lealvOne half of
each brain was immediately homogenized to give 1@8%) homogenate in ice-cold medium containing 581 m
Tris-Hcl and 300 mM sucrose, pH 7.4 [30]. The hoermge was centrifuged at 1800xg for 10 min in capli
centrifuge at 2C. The supernatant (10%) was separated for théheinical analyses. The other half of each brain
was fixed in formalin buffer(10%)for immunohistochigal investigation of survivin and histopatholagic
examination.

Biochemical analyses

Quantitative estimation of total protein level letbrain homogenate was carried out accordingdartathod of
Lowry et al [31]. Serotonin (5-HT) content of theam was determined by enzyme linked immunosorlaasay
(ELISA) technigue using a serotonin assay kit paseld from Wkea Med Supplies Corp.,New York, USA,
according to the manufacturer's instructions predidvith the serotonin assay kit. Brain dopamin eohtwas
estimated by fluorometric method as described layl@ne [32]. ACTH was determined in brain using ®iarce
Immunoassay kit,(ELISA) purchased from DRG Inteioval Inc.,Co.,USA according to the method deschie
Odell et al. [33].The “DS-EIA-Steroid-Corticostemdn kit is intended for the quantitative determioati of
Corticosterone concentration by a microplate ereymmunoassay (ELISA) purchased from DSI S.r.b,,C
Saronno,Volonterio,ltaly, according to the methddchbeck et al. [34].Brain tumor necrosis factorTNF-o)
content was determined by ELISA technique using -bBNfSsay kit purchased from Assay Pro.,Co., USA aicgr
to the method described by Taylor [35] Brain dedimeurotrophic factor (BDNF) content in the braiassestimated
by ELISA technique using BDNF assay kit purchagedhfWkea Med Supplies Corp., New York, USA, accogdi
to the manufacturer’s instructions provided with BB assay kit. Brain Bcl-2 content was assayed bySEL
technique using Bcl-2 assay kit purchased from Wikl Supplies Corp., New York, USA, according te th
manufacturer’s instructions provided with Bcl-2 agkit.

After blood sampling animals were dissected andotlaéns of each group were removed carefully. Titaéns were
divided into two equal halves. One of it was use& tbiochemical analysis and the other was used for
immunohistochemical and histopathological studies.

Immunohistochemical method

Survivin expression in the brain was determinedetiog to the method described by Bancroft and Gart2008)
[36]using immunohistochemical technique. In bremples were taken from brain of rats of the déiférgroups
and fixed in 10% formalin buffer for 24 hours. Wash was done in tap water then serial dilutionsatufohol
(methyl, ethyl and absolute ethyl) were used fdrydeation. Specimens were cleared in xylene andeelaidd in
paraffin at 56C in hot air oven for 24 hours. Sections were atb 4 thick by slidge microtome then fixed on
positive slides in a 6& oven for 1 hr. Slides were placed in a coplinfijged with 200 mL of triology working
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solution (Cell Marque, CA-USA) which combines theete pretreatment steps: deparaffinization, rehigiraand
antigen unmasking. Then, the jar is securely pmsétil in the autoclave which was adjusted so thapéeature
reached 12 and maintained stable for 15 min after which gues is released.Thereafter, the coplin jar is
removed to allow slides to cool for 30 min. Secsiavere then washed and immersed in Tris-buffenedIlBS) to
adjust the pH and these were repeated betweensegetof the IHC procedure. Quenching endogenousxurse
activity was performed by immersing slides in 3%diogen peroxide for 10 min. Broad spectrum LAB-SA
detection system (Invitrogen, USA) was used to alige any antigen-antibody reaction in the tisd&ckground
staining was blocked by putting 2-3 drops of 10%tgaoon immune serum blocker on each slide and tiudp
them in a humidity chamber for 10 min. Without wiasfy excess serum was drained and two-three drbfiseo
ready to use primary antibody of survivin (Thermmegtific, USA) were applied. Then, slides wereubated in
the humidity chamber overnight at’@. Henceforward, biotinylated secondary antibodg wpplied on each slide
for 20 min followed by 20 min incubation with theeptavidin horse reddish peroxidase (HRP) enzyomgugate.
3,3 -diaminobenzidine (DAB) chromogen was prepaed 2-3 drops were applied on each slide for 2 mikB
was rinsed, after which counterstaining with Makiematoxylin and cover slipping were performed as fthal
steps before slides were examined under the ligtrtoscope (Olympus Cx21 with attached digital caahémage
analysis was performed using the image J, 1.413 (UBA) analyzer.

Histological examination

While for histopathologicalexamination the brainsre/fixed in buffer formalin for 24 hours. The speens were
washed in tap water, dehydrated in ascending graflethanol, cleared in xylene, embedded in parafiax
(melting point 55-68C). Sections of Bm thickness were prepared and stained with haermjlatand eosin [37]. In
this method the paraffin sections were stained amrid’'s haematoxylin for 5 minutes. Sections weeslived in
running water for bluing and then stained in 1%emakeosin for 2 minutes, washed in water, dehydratkeared
and mounted in Canada balsam.

Statistical analysis

In the current study, the results were expressedeas + S.E of the mean. Data were analyzed bywayeanalysis
of variance (ANOVA) using the Statistical Package the Social Sciences (SPSS) program, versionThé.
difference was considered significant wHer:0.05. Percentage of differene representing theeperaf variation
with respect to the corresponding control group eadsulated using the following formula

% difference = Treated value- Cohwaluex 100
Control value

RESULTS

I-Biochemical Results

*  Neurotransmitters

1-Serotonin (5-HT)

The data presented in Table (1) revealed signifidacline P<0.05) in brain serotonin content of the reserpidize
group after 75 days of reserpine administratiorsifp@ control group) when compared with that of thegative
control group (182.96 pg/mg protein vs 309.99 pgpraein) with the percent of difference -40.98%.cbntrast,
treatment of the reserpinized groups with the diffé doses of vitamin D plus Ca led to significahdvation
(P<0.05) in brain serotonin content as compared tbdhthe positive control group. Brain serotonimtent of the
reserpinized group treated with low dose ofvitamiplus Ca was 249.99 pg/mg protein vs 182.96 gginotein
for the positive control groupwith the percent dfaetence 36.63%, and that for the reserpinizedugrweated with
high dose of vitamin D plus Ca was 254.99 pg/mgtgin vs 182.96 pg/mg protein for the positive coht
groupwith the percent of difference 39.37%.

2-Dopamine (DA)

The results of brain dopamine content in the nggatbntrol and other studied groups are illustréwe@able (1).
The recorded value of brain dopamine content inréserpinized group (positive control group) afiérdays of
reserpine administration revealed significant deseeP<0.05) as compared to that in the negative controliy
(171.75 pg/mg protein vs 277.20 pg/mg protein wib percent of difference-38.04% ).However, sigaifit
increase<0.05) in brain dopamine content was detected inmg¢lerpinized groups treated with vitamin D plus Ca
as compared to that in the positive control grougiBdopamine content of the reserpinized grougtée with low
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dose ofvitamin D plus Ca was 225.25 g/mg prosii71.75 pg/mg protein for the positive contraugwith the
percent of difference 31.15%, and that for then@sé&ed group treated with high dose of vitamirplDs Ca was
229.74 pg/mg protein vs 171.75 pg/mg protein fergbsitive control groupwith the percent of diffece 33.76%.

Table (1): Effect of treatment with different dosesof vitD plus calcium on brain neurotransmitters (®rotonin and dopamine) contents of

the reserpinized rats (Data are represented as MeanS.E for 10 rats /group)

Parameters
Groups

Serotonin
(pg/mg protein)

Dopamine
(1g/mg protein)

Negative control group

309.99+23.83

277.20+11.95

Reserpinized group (positive control) 182.96+16.6 171.75412.73
P group (p (-40.98%) (-38.04%)

- . L 249.99+16.60 | 225.25+16.78
Reserpinized group treated with low dose of VitamirD+Ca (36.63%) (31.15%)

- L L 254.99+ 13.93 | 229.74+9.63
Reserpinized group treated with high dose of Vitanm D+Ca (39.37%) (33.76%)

a: Significant change at R0.05 in comparison with the negative control group.
b: Significant change at R0.05 in comparison with the positive control group.
(%): percent of difference with respect to the esponding control value.

* Hormones

1-ACTH

The results of serum ACTH level are depicted inl&gR) .The present findings showed that serum AGaél
exhibits significant elevatiorP0.05) in the reserpinized group for 75 days(positientrol group) when compared
to that in the negative control group (60.95 pgésR6.49 pg/ml with the percent of difference 1304). However,
significant decreasd®€0.05) in serum ACTH level was detected in the qgisézed groups treated with vitamin D
plus Ca as compared to that in the positive comfrolp. Serum ACTH level of the reserpinized grtngated with
low dose of vitamin D plus Ca was 45.97 pg/ml vs960pg/ml for the positive control groupwith thergent of
difference -24.58%, and that for the reserpinizeslig treated with high dose of vitamin D plus Caasw4.58
pg/ml vs 60.95 pg/ml for the positive control greugh the percent of difference -26.86%.

2-Corticosterone

The data of serum corticosterone level of the diffé groups under investigation are recorded inél &) .Serum
corticosterone level displayed significant incre@€0.05) in the reserpinized group for 75 days (pesitontrol

group) as compared to that in the negative corgroup 85.04 nmol/l vs 35.41nmol/l representing eceet of

difference 140.16%. In contrast, treatment of #merpinized groups with the different doses ofmitaD plus Ca
led to significant declineR<0.05) in serum corticosterone level as comparedh&t of the positive control
group.Serum corticosterone level of the reserpthig®up treated with low dose of vitamin D plus @eas 58.37
nmol/l vs 85.04 nmol/l for the positive control gpwith the percent of difference -31.36%, and ttuat the

reserpinized group treated with high dose of vitamiplus Ca was 54.99 nmol/l vs 85.04 nmol/l foe positive

control groupwith the percent of difference -35.34%

Table (2): Effect of treatment with vitD plus calcum on serum ACTH and coticosterone levels of the serprinized rats (Data are
represented as Mean + S.E for 10 rats/group)

Parameters ACTH Corticosterone
Groups (pg/ml) (nmol/l)
Negative control group 26.49+1.52 35.41+0.86
Reserpinized group (positive control) 60.95+3.44 85.04+4.73
(130.09%) | (140.16%)
Reserpinized group treated with low dose of VitamirD+Ca | 45.97+4.09 | 58.37+4.08
(-24.58%) (-31.36%)
Reserpinized group treated with high dose of Vitanmi D+Ca | 44.58+4.02 | 54.99+3.4%
(-26.86%) (-35.34%)

a: Significant change at R0.05 in comparison with the negative control group
b: Significant change at R 0.05 in comparison with the positive control goou
(%): percent of difference with respect to the esponding control value.
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* Proinflammatory Cytokine

Tumor necrosis factor-a (TNF-a)

The results in Table (3) represented the valudzah TNFe in the different studied groups. Significant irese
(P<0.05) in brain TNFa content was detected in the reserpinized groupitfpe control group) after 75 days of
reserpine administration when compared to thahértegative control group (0.45 ng/mg protein \is3thg/mg
protein) with the percent of difference 246.15%.\"#as, the treated groups with vitamin D plus Cawstb
significant decreaseP&0.05) in brain TNFe content as compared to that in the positive corgroup. Brain
content of TNFe in the reserpinized group treated with low doseit€fmin D plus Ca was 0.33 ng/mg protein vs
0.45 ng/mg protein for the positive control groufbwihe percent of difference -26.67%, and that toe
reserpinized group treated with high dose of vitamiplus Ca was 0.30 ng/mg protein vs 0.45 ng/nugepm for
the positive control groupwith the percent of diffiece-33.33%.

Table (3): Effect of treatment with different dosesof vitD plus ca on brain TNF-u. of the reserpinized rats (Data are represented adean + S.E for
10 rats /group)

Parameters TNF-a
Groups (ng/mg protein)
Negative control group 0.13+0.005
Reserpinized group (positive control) 0.45+ 0.035

(246.15%)
Reserpinized group treated with low dose of VitamirD+Ca 0.33+0.014
(-26.67%)
Reserpinized group treated with high dose of Vitanm D+Ca 0.30+0.012
(-33.33%)
a: Significant change at R0.05 in comparison with the negative control group.
b: Significant change at R0.05 in comparison with the positive control group.

(%): percent of difference with respect to the esponding control value

* Neurotrophic factor

Brain derivedneurotrophic factor (BDNF)

On measuring of the value of brain derived neugitio factor (BDNF) in the brain of the differentidted groups,
the data revealed that brain BDNF content exh#gsificant reduction®<0.05) in the reserpinized group (positive
control group) after 75 days of reserpine admiat&tn when compared to that in the negative comrolip (0.095
ng/mg protein vs 0.220 ng/mg protein) with the paicof difference -56.82%. In contrast, the treatinaf the
reserpinized groups with vitamin D plus ca resultedignificant elevation<0.05) in brain BDNF content with
respect to that in the positive control group.BMaIDNF content of the reserpinized group treatedhwitv dose of
BDNF content of the reserpinized group treated Woth dose of vitamin D plus Ca was 0.159 ng/motein vs
0.095 ng/mg protein for the positive control grougpwthe percent of difference 67.37%, and that tioe
reserpinized group treated with high dose of vitaDiplus Ca was 0.165 ng/mg protein vs 0.095 ngdnogein for
the positive control groupwith the percent of diffiece 73.68 % (Table 4).

» Antiapoptic mediator

B-cell lymphoma-2 (Bcl-2)

Table (4) represented the results of brain of Bcbtent in the negative control group and the roshedied groups.
Significant reduction®<0.05) in brain Bcl-2 content was detected in theerpinized group (positive control group)
after 75 days of reserpine administration when canegb with that in the negative control group (0.0&Zmg
protein vs 0.115 ng/mg protein) with the percentdidference -54.78%. On the other hand, significatrease
(P<0.05) in brain Bcl-2 content was recorded in theugis treated with vitamin D plus ca as comparetabin the
positive control group. Brain Bcl-2 content of teserpinized group treated with low dose ofvitamiplus Ca was
0.082 ng/mg protein vs 0.052 ng/mg protein for plositive control group with the percent of diffecen57.69%,
and that for the reserpinized group treated withtdose of vitamin D plus Ca was 0.085 ng/mg [mois 0.052
ng/mg protein for the positive control group wittetpercent of difference 63.46 %.
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Table (4): Effect of treatment with different dosesof vit D plus caon brain neurotrophic factor (BDNF) and antiapoptotic mediator (Bcl-

2) of the reserpinized rats (Data are representedsaMean = S.E for 10 rats/group)

Parameters BDNF Bcl-2

Groups (ng/mg protein) | (ng/mg protein)
Negative control group 0.220+0.013 0.115+0.006
Reserpinized group (positive control) 0.095+0.007 0.052+0.003

(-56.82%) (-54.78%)
Reserpinized group treated with low dose of VitamirD+Ca 0.159+0.013 0.082+ 0.007

(67.37% (57.69%
Reserpinized group treated with high dose of Vitanmi D+Ca | 0.165+0.014 0.085+0.008

(73.68%) (63.46%)

a: Significant change at R0.05 in comparison with the negative control group.
b: Significant change at R0.05 in comparison with the positive control group.
(%): percent of difference with respect to the esponding control value.

Fig.(1):Photomicrograph of immunohistochemical staiing of
brain tissue section of rat in the negative controgroup using
antibody against survivin showed sever postive retion

Fig.(3):Photomicrographofimmunohistochemical stainng of brain
tissue section of rat in the reserpinized group trated with low dose
of vitamin D and Ca using antibody against survivinshowed mild
positive reaction.

I1I-immunohistochemical Results
Survivin

Fig.(2):Photomicrograph of immunohistochemical staiing of

brain tissue section of rat in the reserpinized gyup (positive

control group) after 75 days of reserpine administation using
antibody against survivin showed weak positive redion.

Fig.(4):Photomicrographof immunohistochemical staiing of brain
tissue section of rat in the reserpinized group trated with high
dose of vitamin D and Ca using antibody against swivin showed
mild positive reaction.

Immunohistochemical investigation of brain tisseet®n of the negative control group using antibadyinst
survivin showed sever positive reaction (Fig.1). aMas, the immunohistochemical examination of btiisue

134
www.scholarsresearchlibrary.com



Hanaa H. Ahmedet al Der Pharma Chemica, 2015, 7 (1):128-147

section of the reserpinized group (positive congnalup) after 75 days of reserpine administratismg antibody
against survivin showed weak positive reaction @&ifigs(3,4) showed the results of The immunolistmical
investigation of reserpinized group treated witlv land high doses of vitD and Ca using antibody reggasurvivin
showed mild positive reactions with respect to meisézed positive control group.

Il -Histological Results

Histological investigation of brain tissue sectiafsrats in the negative control group showed thghllg active
nerve cells (neurons) that having huge nuclei witlatively pale stain.The nuclear chromatin and ghaminent
nucleoli of these cells are disappeared. The sodiog supporting cells (glial cells) appeared vdénse stain small
nuclei and the condensed chromatin with no visilleleoli. The background substances (neuropilshosvn in the
cortex fig. 1).

Histopathological investigation of brain tissuetg@at of a control rats showed the normal structfreippocampus.
The hippocampal neurons and vessels exhibited @argrrangement with distinct edges, and cleatenwsnd
nucleoli. The glial cells and neuropil were appdar&o necrosis of pyramidal neurons was fouffdg.

2).Microscopic examinationof brain tissue section afrin the reserpinized group after 75 days shawezatonal
damage, and shrinkage. The basophilic neurons showare pyknosisHig. 3).

Microscopic examinationof brain tissue sectionaibrin the reserpinized group after 75 days shadeekl neurons
of the hippocampus and significant necrosis of pydal neuron@=ig. 4).

Microscopic examination of brain tissue sectionsesierpinized rats treated with low or high doseitasimin D and
Ca showed the normal structure of cereb(&ims. 5,7)respectively. Some dark neurons have been noiicedse

of treatment with low dose of vitamin D and &g. 5). Microscopic examination of brain tissue section of
reserpinized rats treated with low dose of vitaBiand Ca showed the dark neurons and some normatisie of
the neurons of the hippocamp{i§g. 6) Histopathological examination of brain tissue smcttf reserpinized rats
treated with high dose of vitamin D and Ca showea flark neurons and normal structure of the neuobribe
hippocampugFig. 8).

Neurons

Fig. (1): Micrograph of brain tissue section of cotrol rat showing the highly active nerve cells (nerons) that having huge nuclei with
relatively pale stain. The nuclear chromatin and pominent nucleoli are disappeared.The surrounding seporting cells (glial cells) have
small nuclei with dense stain, and the condensedreimatin with no visible nucleoli.The background sulstances (neuropil) are shown in

the cortex (H & E, Scale bar 20 um)
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Glial Cell

Fig. (2): Micrograph of brain tissue section of cotrol rat showing the normal structure of hippocampus. The hippocampal neurons
(Neurons) and vessels exhibited a regular arrangemewith distinct edges (arrowhead), and clear nuclieand nucleolui (arrow). Glial
cells and neuropil are appeard. No necrosis of pyraidal neurons is found (blue arrow) (H & E, Scale lar 20 pm)

Fig. (3): Micrograph of brain tissue section from at administered reserpine for 75 daysshowingneurona@amage (red arrow), and
shrinkage (blue arrow) of cerebrum. The basophilimeurons show core pyknosis (arrowhead) (H & E X 4QGcale bar 20 pm).
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Fig. (4): Micrograph of brain tissue section of ratin the reserpinized group after 75 days showing a& neurons of the hippocampus
(arrows) and significant necrosis of pyramidal neuons (arrowhead) (H & E, Scale bar 20 pm).

Fig. (5): Micrograph of brain tissue section of resrpinized rats treated with low dose of vitamin D ad Ca showing the normal structure
of cerebrum with the appearance of some dark neuran(H & E, Scale bar 20 pm).
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Fig. (6): Micrograph of brain tissue section of reerpinized rats treated with low dose of vitamin Dand Ca showing the dark neurons
(arrowhead) and some normal structure of the neuros of the hippocampus(arrows) (H & E, Scale bar 2Qm).

Fig. (7): Micrograph of brain tissue section of resrpinized rats treated with high dose of vitamin Dand Ca showing the normal structure
of cerebrum (H & E, Scale bar 20 pm).
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Fig. (8): Micrograph of brain tissue section of reerpinized rats treated with high dose of vitamin Dand Ca showing few dark neurons
(arrowhead) and normal structure of the neurons othe hippocampus (arrows) (H & E, Scale bar 20 um).

DISCUSSION

In the view of the present results, reserpine a@htration resulted in significant reduction in braerotonin and
dopamine contents in comparison with the negatorgrol group. According to the monoamine theorg thost
important neurochemical process in depression @sirtipairment of monoaminergic neurotransmissiorh Whte
concomitant decrease in the extracellular concBatraf norepinephrine and serotonin[3Bhas been postulated
that the debilitating and often chronic symptomsdepression result from a perturbation in serotg®HT),
norepinephrine and/or dopamine transmission. Thethesis stems from the work done in the late $38wing
that monoamine oxidase inhibitors and tricyclicidepressants that elevate the levels of monoantimesigh
preventing their metabolism or blocking their reake were effective antidepressants [3BEserpine as an
antihypertensive agent has been found to decrease fmonoamines with consequent detrimental effentsnood
[40]. Reserpine is known to induce hypothermia, hypolitytptosis and catalepsy as well as to slow tlegdiency
and increase the amplitude of electroencephalodia®) waves by deleting intracranial monoamineshsas
norepinephrine, serotonin and dopamine [41,88cause these actions of reserpine are antagohizéxdcyclic
antidepressive agents, the reserpine-induced nleemdcal changes is considered as a model of depneand is
used frequently for the evaluation of the antidepiee agents [43]

For classical neurotransmitters such as monoamuess;ular storage involves transport from the plgem where
transmitters accumulate after synthesis or remfreah the synapse. Reserpine has been found intaiittctthe
vesicular amine transporter as reserpine can Hititeasite of amine recognition and inhibit theivakr uptake of
monoamine neurotransmitters (serotonin, norepinephand dopamine) which are subsequently metatblxe
monoamine oxidase enzyme. As a result, reserpiunlg cteplete amine stores in the brain[44]

A growing number of evidence has demonstrated gatonine 2,3-dioxygenase (IDO) as an enzyme involaed
depressogenesis, not only because of its effecsesntonin biosynthesis[45] but also because ofpiitative
contributions to excitotoxicity and oxidative ste$DO is highly inducible by proinflammatory cyiaks (IFNy
and TNFe) and is secreted by activated macrophages and @timaunoregulatory cells, which catalyzes the
degradation of tryptophan (serotonin precursoRyturenine [3].As kynurenine degradation leadshformation

of 3-hydroxykynurenine (3-HK, generates free raldgmecies that can cause oxidative stress) andhjuiic acid
(QA, a glutamate receptor agonist), the increasethigate receptor activity in depression has a maije due to
that IDO mediated imbalance of kynurenine pathwagtaiolites as a result of cytokine production [4Bjus,
cytokine- and IDO-mediated degradation of tryptapttaough the kynurenine pathway is hypothesizadftoence
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serotonergic biosynthesis and neurotransmissidhedrbrain resulting in significant neuropsychiatansequences
including depression.

Thus, the concomitant increase in the immobilitgetiin the FST and the significant decrease in tbacamine
contents of the brain support the usefulness of reerpinized animal model of depression to test ne
antidepressant agents.

Stress is characterized by physiological changas dlecur in response to novel or threatening sfinitthese
changes comprise a cascade of neuroendocrine emedited by stress systems such as the hypottadami
pituitary—adrenal (HPA) axis. Activation of the HPaxis results in the release of hypothalamic cottapin-
releasing hormone (CRH), which in turn stimulatetuifary adrenocorticotropic hormone (ACTH) release
culminating in the secretion of adrenal glucocaitis (cortisol in humans and corticosterone in migleinto the
circulatory system [47]

Glucocorticoids then act at target tissues throughbe body to confer physiological changes thabém an
organism to deal with an acute stressor and thimrrdo a pre-stress level of functioning. NormdPAd axis
functioning is thus essential for survival becaisets to maintain bodily equilibriudeKloet et al., 19988, 49]
However, repeated HPA axis activation can prodareatiing physiological effects and exert a profommgiact on
brain function [48, 49,50] For example, repeated exposure to high levels laotogorticoids leads to a
downregulation of hippocampal glucocorticoid recept(GR), which impairs the ability of the hippoqgaus to
control glucocorticoid negative feedback [5This leads to a further hypersecretion of glucticords, and this is
thought to produce neuronal changes in severat begiions, including the hippocampus [51, 52] amygdala [53,
54]. Within the hippocampus, persistently elevated ghacticoids levels lead to dendritic remodeling @A3
neurons, decreased neurogenesis, and finally eathd50, 55-57]

In the current study, reserpine administration posdi significant increase in serum levels of ACThd a
corticosterone when compared with the negative robngroup. This is another document for establighin
reserpinized animal as experimental model of dejwas Depression is often associated with HPA axis
hyperactivity, which is characterised by hyperawihemia in human [55, 59Vhereas hyperactivity of the HPA
axis may be prevented by means of an inhibitorndifeek mechanism as the dysregulation of this feddba
mechanism appears to occur in depressive disofgrs|

The current results demonstrated that brain tumeorasis factor: (TNF-0) significantly increased in reserpinized
group as compared to the negative control group. di¥served increase in the brain content of theffimmatory
cytokines is associated with the significant deseda the brain content of brain derived neurotof&ctor (BDNF)
as shown in the present study. It has been denatedtthat the amount of peripheral cytokine produactargely
depends on the state of immune activation. In pagfical conditions, such as acute or chronic inflzeion and
tissue damage, the immune system is activated aactophage activity is increased which accounts tifer
increased production and release of cytokinesh a8 IL-B, IL-6 and TNFe. Moreover,it has been demonstrated
that IL-1B may stimulate the production of other cytokinestsas IL-6 and TNFe by astrocytes and microglia and
hence promoting inflammatory processes in the bfélt].The activation of microglia and the production of
proinflammatory cytokines as well as oxidative s#e all together contributed in dopaminergic aet®nergic
neurons and terminals damage [62]

Changes in the amount of cytokine production mag ale due to neuroendocrine influences on the inensyatem
[63]. In this respect, the effects of corticostdmiwhich are produced by the adrenal cortex afirhecomponent
of the HPA axis, are most important. These hormprmsticularly cortisol and corticosterone have rbee
demonstrated to be involved in the regulation afimne responses and thereby the production of eyskiAs it
has been shown that even low concentrations oicosteroids stimulate proinflammatory cytokine protion [64,
65].0n the other hand, the potential mechanisms leaftingytokine-induced depression are numerous ané we
reviewed by Dantzegt al.[66], Dantzer[67] Maeset al.[3], Miller et al.[68], and others. Several lines of evidence
demonstrating how cytokines can contribute to HP4ds ehyperactivity [69] and affect the serotonergind
dopaminergic systems [70,71].Proinflammatory cyteki are potent activators of the HPA agisd therefore play a
critical role in activating the HPA axis in majoegression. Furthermore, there is evidence thakigs counteract
the negative feedback action of corticosteroidstiom HPA axis, leading to HPA axis dysregulation][72he
mechanism by which cytokines may disturb inhibitfegdback of corticosteroids on the HPA axis, nmspive the
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induction of corticosteroid receptor resistanceéhim hypothalamus and pituitary gland, i.e., bragaa that normally
mediate HPA axis downregulation. Alterations in ftvectioning of these central corticosteroid receptcould then
lead to decreased sensitivity of hypothalamus andtary to elevated corticosteroids, thereby réaglin lack of

the negative feedback[7.2]

The increased inflammatory process and the redoneatbgenesis has been reported to associated eptiession.
Even though the direct effect of neuroinflammation neurotrophic system and neurogenesis is unknown,
increasing evidence suggested that proinflammatytpkines and neuroinflammation may contribute e t
reduction of neurogenesis through three ways muéting the HPA axis to release glucocorticoidst thuppress
neurogenesis [73) changing glial cell functions, in which the clgas in astrocyte-produced neurotrophins could
make significant contribution, and 3) overproductimf oxygen radicals that can directly damage nesivia the
activation of microglia [74]. As a consequence afnmglial activation, the functions of the otheraglcells mainly
astrocytes are changed and the production of nepiuins may be altered. Thus, it has been stastddgpression
likely contributes to impairment of cellular resitice by a variety of mechanisms, including redugtio the levels

of BDNF, facitating glutamatergic transmissiaia N-Methyl-D-aspartate (NMDA) and non-NMDA receptpand
reducing energy capacity of the cells. Neurotropland their receptors compose a major neuropraegesyistem in
the brain because they stabilize and maintain hetasis (protection and repair), control and cleaarotoxins,
regulate neurotransmission and modulate neurogehesis and degenesis [75,76]

The neurotrophin hypothesis postulates that losseoirotrophins, particularly brain-derived neurptiiw factor
(BDNF), plays an important role in the pathogene$imajor depression, and hence neurotrophin rastor may
represent an important mechanism for antidepressfficacy[77] This hypothesis is supported by postmortem
studies of brain samples from depressed patiertig;hwexhibit lower BDNF levels than those obtairfeaim
patients undergoing antidepressant treatment[7.8,79]

In view of the present results, rats administeesrpine displayed significant decrease in braiiapoptic marker
(Bcl-2) compared with the negative control onesigirly, reserpine caused significant reductionhia number of
positive cells for survivin expression as indicatgdthe weak reaction of antibody against survivirthe brain
tissue as shown in the current immunohistochemieallts. Apoptosis is regulated by different classd
proteins[80,81]including caspase-3, which can imdtice cleavage of other proteins and alter cekgrity.
Activation of caspase-3 is considered to be a halnof apoptosis [81,82]Upstream caspase-3 are antiapoptotic
proteins such as Bcl-2 and proapoptotic proteingh{sas Bax),which regulate the release of cytockranfrom
mitochondria, activating caspase to induce apoptdsihas been shown that Bcl-2 shuts off the apapsignal
transduction pathway upstream of caspase activ§@i®hThe Bax: Bcl-2 ratio is used as an index olnerability

for apoptosis [81,84]A shift in the ratio of these proteins in favortbé proapoptotic members triggers the release
of mitochondrial cytochrome c(an electron carrighjch binds to apoptosis protease activator fattMhpaf-1) and
triggers the cleavage (activation) of caspase-3.

Proinflammatory cytokines have been found to digpbeoapoptotic properties in limbic areas such las t
hippocampus, further supporting their role in théhpphysiology of depression[85,88hother factor contributes in
decreasing brain Bcl-2 in reserpine administerdd aa an experimental model of depression is tHecteon of
BDNF in the brain of the reserpinized rats.

One of the major mechanisms by which BDNF promatk survival is through increasing the expressibrihe
major cytoprotective protein, Bcl-2. Bcl-2 atteremtell deathia a variety of mechanisms, including impairing the
release of calcium and cytochrome c, sequesteniafpyns of death-inducing caspase enzymes, andneirtta
mitochondrial calcium uptake. The actions of BDNFe anediated by the TrkB receptor which in turn
phosphorylates and activates the transcriptiorofatAMP response element-binding protein (CREB)tivated
CREB enhances the transcription of many genesudiimoy BDNF itself. Both BDNF and CREB, through the
mediation of Bcl-2 family members, contribute tairenal survival [87]

Survivin localizes in mitochondria and its ability associate with caspase-9 and second mitocheddriged
activator of caspase/direct IAP-binding proteinhwlow pl (Smac/DIABLO) indicates that it may inhibihe
intrinsic pathway of apoptosis by interfering wigbhstmitochondrial events [88,88Everal hypotheses have been
existed to explain the mechanisms of antiapoptatiivity of survivin. Survivin might directly bindnd inhibit
caspases [88]ndirectly, survivin has affinity to Smac/ DIABL®o it may inhibit apoptosis through antagonizing
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the proapoptotic ability of Smac/DIABLO [9Wisruption of the survivin induction pathway resuih an increase
of apoptosis.

As mentioned before, depression is associatedtivilinduction of glucocorticoids with a consequactivation of
glucocorticoid receptors(GR).The transcriptiondleefs of GR include the activation of the tumor prgssor
protein p53 which, in turn, represses the exprassfdhe antiapoptotic molecules [9853 may induce apoptosis
by antagonizing the antiapoptotic activity of swimiThe negative regulation of survivin by p53 isoply
understood. Survivin promoter has a p53 bindingnelgt. A transcriptional activator (E2F) may alsndéurvivin
promoter [92] P53 has an affinity to E2F and thus, it is possiblt p53-E2F complex can represse survivin gene
expression [93,94Additionally, P53 interacts with transcriptionalgrdator (sin3) andhistone deacetylase enzyme
(HDAC) that together can form a p53-sin3-HDAC coexpand bind survivin promoter to repress it [93,96nay

be possible that p53 directly binds survivin proemoalone or in combination with other protein(s)repress
survivin.

Vitamin Ds is synthesized in the skin from 7-dehydrocholedteia nonenzymatic photochemical reactions driven
by ultraviolet B (UVB); a crucial rate-limiting gbe Under conditions of inadequate photosynthestsDy is an
essential nutrient [96]A growing body of evidence suggested that vitliRely has important functions in the
human brain. Thus, vit Dhas been considered as a neurosteroid [9.708¢s et al]98]identified vitamin D
receptor(VDR) in multiple areas of the brain, irdihg the prefrontal cortex, hippocampus, cingulgieus,
thalamus, hypothalamus, and substantia nigra.Métlyese areas have been implicated in the pathapbygy of
depression [99]

The physical and mechanistic evidences of tilDthe brain underscored its potential for biotagifunctions.
Studies have shown that vitamirg Inay protect the structure and integrity of neurtm®ugh detoxification
pathways and neurotrophin synthesis [100]

The current study revealed that vig plus Ca supplementation significantly reducesithmobility time of the
reserpinized rats as compared to the reserpinizabgpositive control group). The behavioural effef vit D3
could be done through enhancement of serotoniasel&spejo and Minano [101] stated that the bebealiprofile
of low immobility and enhanced swimming is correthvith a selectively high serotonergic activity.dddition,the
decrease of immobility time may be also due toitigleiction of brain dopamine content by vif Bupplementation.
Dopamine in the central nervous system is involwethe control of both motor and emotional behavifi02].
This finding is evidenced by many behavioural stsdihat have shown the important role mesolimbigadune
system in regulating exploratory and locomotor k&l 03].

The present study revealed significant increaseaim serotonin content in the reserpinized ragplmented with

vit D3 plus Ca as compared to the positive control tataccordance with this result, Castsal.[104]stated that vit

D; preserves serotonin content in the brains of alsinmepeatedly administered with neurotoxic doses of
methamphetamine. The physiologic pathways betwéeddsvand depressive symptoms have been identified &nd v
D; in its active form in the body has been showntitbigate serotonin release [105]

Experimental evidence demonstrated that dietaryipogation of vit D, alters cholinergic, dopaminergic and
noradrenergic neurotransmitters systems. Abnoriaslih these neurotransmitters have been implicatedrious
neuropsychiatric disorders such as depression [106]

The current data revealed that supplementation vifitB; and Ca significantly elevates brain content ofatome

in the reserpinized group as compared to the pesitbntrol group. A number of studies described kiivid; leads

to alteration in some aspects of dopamine neursinésion. When vit Pwas administered in newborn rats and the
dopamine and noradrenalin contents were measuitbe iadult offspring, these neurotransmitters veéi@vn to be
elevated in brain stem [1QK]oreover, adult animals treated with high dosesibD; in a long-run also showed
increased basal striatal dopamine content as well@eased dopamine release[1A8kcent study has shown that
subcutaneous administration of vit B adult rats increases sub cortical dopamineasgeand dopamine storage in
striatal terminals when these animals are challénlyee weeks later with amphetamine [10Bjs is could be due
to that vit Dy is able to increase dopamine synthesis itsé#f increasing its synthetic enzyme tyrosine
hydroxlase[11Q]In accordance with this report, Waagal.[111];Chenet al.[112]and Sanchezt al.[113]stated
that the systemic administration with vig Bmeliorates neurological insults initiated dopaengic toxicity possibly
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due to the elevation of the rate-limiting synthetioczyme for dopamine which is tyrosine hydroxylg$eél).
Moreovere, pretreating animals with vig r one week preserves dopaminergic function wéeactive dopamine
toxins, such as 60HDA, are later administered [108],

The data in the present study revealed that ser@GfHAand corticosterone levels are significantlyrdesed after
supplementation with vit Pplus Ca in the reserpinized rats as comparede@dsitive control one®artonet al.
[114] demonstrated that vit D in its active formtive body has been shown to be associated with gutation of
glucocorticoid receptor gene activation which isrfd to be upregulated in depression.

The active metabolite of vitD,1,25-dihydroxyvitamiy (1,25(0OH)2D3) can be produced not only by the &idn
but also by macrophages, including peritoneal matages, especially during inflammation[1E&irthermore, it
has been well established that the physiologictd af 1,25(OH)2D3 is not limited to mineral and ktal
homeostasis, but it also plays a role as an impbimamune response regulator at inflammatory gité$].

The results of the present work showed significlrdrease in the inflammatory markers including TdNéentents
in the brain the reserpinized rats supplementatéid vit D; plus Ca as compared to the positive control @tal
administration with vit @ has been found to reduce IB-production in rat hippocampus [117]Lemire and
Archer[118]demonstrated that vighhibits Thl cells activity and in turn the prodionof Thl cytokines like IL-6
and TNFe. The possible mechanism for the inhibition of TiPBy vit D; is mediated through the inhibition of
NFxB, the major transcription factor for TNE[119]. Therefore, the suppressive effect of vigddd NF«B, appeared
to be a general effect that occured in various typkes and affected various inflammatory and immprecesses
[119].There is considerable direct evidence for a modwaeffect of vit B3 treatment on proinflammatory
cytokines bothn vitro andin vivo. vit D3 could 1) decrease the production of proinflammatytokines in a variety
of cell types including monocytes [120,121,1,2®jicroglia ,an important source of proinflammataoggokines in
the brain [123] and 2) decrease ThHevels and suppresse disease symptoms in a roumel of inflammatory
bowel disease (IBD) [124]

Neurotrophins are proteins necessary for neuramahal in aging and neuropathological conditio2%].

The current study showed that vigjplus Ca supplementation in reserpinized rats reglitt elevation in the brain
BDNF content as compared to the positive contrtd. rarious studies have demonstrated that yit&h act on
cells of the nervous system by modulating the petidn of neurotrophins [126]Vit D3 could upregulate
neurotrophin factors, such as neurotrophin-3 (N[L-3J] and glial cell line derived neurotrophic fact{GDNF)
[128].1t has been reported that the stimulation of neapftin production by vit B is correlated with its
neuroprotective effect [129,130].VitsBvas found to be a potent inducer of BDNF expreassiad it is contributed
to the regulation of BDNkn vivo [128,131] In this regard, it is noteworthy that vitDas been shown to attenuate
the hypokinesia and neurotoxicity induced by 6-bygdopamine in rats [111]This indicated that vit ) has a
valuable role in the treatment of neurodegeneratiseases.

The data in the current study revealed remarkalgieaion in the brain content of Bcl-2 in the rgseized rats
supplemented with vit plus Ca as compared to the reserpinized groupt{pesiontrol group). This result is in
agreement with that dfvang et al.[132]who stated that vit Ptreatment increases Bcl-2 messenger RNA and
protein levels, elevates the Bcl-2/Bax ratio, amdtgcts thyrocytes from apoptosis. Also, in keratiytes, the
increase in Bcl-2 level has been shown to medieentiapoptotic actions of vit3[133].

Manggauet al.[134] demonstrated that the antiapoptotic actionibD; is associated with an acceleration of Bcl-2
protein expression.

Vit D3 plays an important role in the regulation of pieiating cells in the brain and various aspectsheir
differentiation. Additionally, the ability of vit BPto 1) regulate calcium transient& its ability to downregulate
voltage sensitive L-type calcium channels, 2) pdevirophic support for developing and mature nesiramnd 3)
protect neurons from the reactive oxygen specmddcall contribute to the viability and connectiwof individual
neurons. These mechanisms may be central to nehodpgical conditions that have been closely linketh vit D;
status such as multiple sclerosis [135].
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The present result demonstrated that yifilus Ca supplementation produces mild positivectiea by using
antibody against survivin in the immunohistocherhioaestigation of the brain tissue of the reseiged rats as
compared to the positive control rats. Masoetnal. [136]. demonstrated that vit;D protects neural cells against
apoptosis. Moreover, it is possible that vit Bould modulate neuronal survival and differentiatiduring
development [137]

Prolonged and repeated depression is associatédawibphy in cortex and hippocampus and the deer@as
hippocampal volume is associated with the repedg¢gdession and stress [138,139,140]

Microscopic examination of brain tissue sectionsrats given reserpine for 75 days showed neurnalade,
shrinkage of neurons, and basophilic neurons witlk pyknosis in the cerebrum as well as a significecrosis of
pyramidal neurons of the hippocampus. These firglarg in agreement with those of Gould and Tanapaiand
McEwen[142] who stated that stress, a risk factordepression evokes a dendritic shrinkage andnaéuloss
within the hippocampus in animal models that mirhionan depression [141The hippocampus appears to be
particularly sensitive to stress stimuli in bothimaals and humans as this brain area undergoestigsel@olume
reduction and dendritic retraction. Thus, it hasrbeuggested that depression may be associatedlegteased
hippocampal plasticity [143Additionally, it has been reported that the repaatsstraint stress or a combination of
daily stressors in rats induces atrophy of hippquanCA3 pyramidal neurons [144This atrophy is mimicked by
daily treatment with corticosterone [145].indicatithat elevated circulating adrenal steroids sedrduring stress
may be involved in triggering these morphologidéations.

Microscopic investigation of brain tissue sectiofithe reserpinized rats treated with vi @dus calcium showed an
improvement of the morphological feature of bragsue represented by normal structure of cerebmamarmal
structure of hippocampus neurons with the apperef@wv dark neurons in low dose of vigplus Ca. It has been
shown that chronic peripheral treatment of rathiwit D; retards the age-related decrease in neuronaltylesesin
in rodent hippocampus [146] and protects agaiashate in a rodent model of stroke[L3NEvertheless, it is
unclear whether these apparent neuroprotectivetsftd vit D; are attributable to indirect actions on periph&al
21 and PO4 regulation) or to direct actions onrbragurons. The rat hippocampal cultures treateddugeral days
with vit D3, revealed neuroprotection against excitotoxic liissun that study, low concentrations of vig 1—100
nM) were protective, but higher, nonphysiologicahcentrations (500-1000 nM) were not [147]

CONCLUSION

The current datashed light on the antidepressémttadf a combination of vitamin D plus calcium.i§leffect was
evidenced by the activation of serotoninergic angaiinergic system, inhibition of ACTH and cortitazene
levels, suppression of proinflammatory cytokinegrpotion of neurotrophic factor and upregulatioraofiapoptic
markers in the brain.
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