Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, 26, 7(1):435-452

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Evolving concepts of depression provide new therap&c options

Hanaa H. Ahmed”, Samiha M. Abd El Dayen®, Fatma M. Aly Foda®, Abdel-Razik H.
Farrag®and Heba A. Mohamed

®Department of Hormones, National Research Centokki) Cairo, Egypt
Department of Zoology, Girl's College for Arts, &ute and Education, Ain Shams University, CairgjdEg
‘Department of Pathology, National Research Ceridakki, Cairo, Egypt

ABSTRACT

Depression is a highly prevalent and disabling psiric disease that often requires long-term treant. This
study was planned to investigate the antidepresaativity of DHEA in the experimental model. Thigsdy was
conducted on 40 adult male albino rats assigned #hgroups; Gp. (1) control group, Gp. (2) reseipéd group,
Gp.(3) reserpinized group treated with low dos®bfEA and Gp.(4) reserpinized group treated withrhdose of
DHEA. Brain neurotransmitters, serum ACTH and amiterone, brain proinflammatory cytokines, bragrided
neutrophic factor and brain antiapoptic mediatorwasll as the histological examination of the bréssue sections
were carried out. In comparison with the controbgp, the reserpinized group recorded significantrdase in
serotonin, dopamine, BDNF and Bzl significant increase in ACTH, corticosterone wedetected in the
reserpinized group. Histological examination of iprdissue sections of rats in the reserpinized graowed
neuronal damage and shrinkage. On the other ham@trent of the reserpinized groups with either mwhigh
dose of DHEA resulted in remarkable improvemenh@biochemical parameters associated with restorain the
structure organization of the brain in a dose degamt manner. The present work provides a clearengd for the
antidepressant potential of DHEA. This was eviddniog activation of serotoninergic and dopaminergistem,
reduced levels of ACTH and corticosterone, inhilitiof proinflammatory cytokines, promotion of netophic
factor and improvement the morphological structaf¢he brain tissue sections.
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INTRODUCTION

Depression is an important public-health issue aithigh incidence; it has also been recognizedrasjar cause of
disability and death, both by suicide and from higtes of physical disorders [1]. The prevalencdegression that
is associated with chronic disease is increasimgj,depression is predicted to be the second leadinge of disease
burden by the year 2020 [2].

The increasing burden and prevalence of depressake the search for an extended understandingdadtiology
and pathophysiology of depression highly significg). The pathophysiology of depression is hypstbed to be
associated with various neurobiological changes A emphasis has been given to neuroimmune presdss
directly and indirectly affecting other importargurobiological processes of depression [5].
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Clinical depression refers to a state of intengiess, melancholia or despair, accompanied by anleeloss of
interest or pleasure), disturbed sleep, appetidesarual libido, low self-estimation, feelings afilyy and cognitive
disturbances. Comorbidity with other conditions fsuas anxiety and cardiovascular disease is comrand,
depression is causally linked to type Il diabeTds disorder has a heritability rate of 40—70%,thetinteraction of
genes with environmental events, including psycicl factors and life experiences (commonly gralpeder
the title ‘stress’), is important in the initiatiari, and recovery from the disease [5].

Several risk factors appear to be contributed irprekesion, including the increased translocation of
lipopolysaccharides (LPS) from gram-bacteria (legut hypothesis) [6] immunotherapy (IFiyHN-B,IL-2),
bacterial and viral infection , other medical cdratis (cardiovascular disease), exposure to chroniearly life
stressors, genetics factors (polymorphisms in Ilgéfe) and glucocorticoids resistafijeAlso, the increased level
of soluble intercellular adhesion molecule (sICAMJ-reactive protein (CRP) and interleukin-6 (IL-@jas
predictive of the development of depressive symgt{h

Reserpine, the most important Rauwolfia indole lalkia is a well known sympatholytic, antihyperteresiand
sedative agent. It was isolated from the rootefglant Rauwolfia serpentina. Its biological actis to inhibit the
storage of dopamine in the synaptic vesicles, tige generating evacuation of catecholamines o$yh#athetic
and central nervous system. It is used as a sedatid hypnotic as well as for reducing blood presdiiworks by
decreasing the heart rate and relaxing the blosdels so that blood can flow more easily throughtibdy. It is
also used to treat severe agitationin patients mithtal disorders. The side effects of reserpiokide sleepiness,
depression, galactorrhoea, ulcer, diarrhoea arasbmancer in women over 50 years old. Therefa®rohination
of reserpine is of great importance and interesherically reserpine is (Methylg3L63,170,183,200)-
11,17dimethoxy-18-[(3,4,5-trimethoxybenzoyl)oxy]ywtiban-16-carboxylate) [9]

More recently, it has been hypothesized that DHE tmave a role in the pathogenesis of depression.

DHEA is primarily secreted from the adrenal glapedfically by the reticularis zone of the adrenaftex [10]
As,its sulfated form, DHEA-S, which is the most atlant steroid secreted by the human adrenal gladdvhich
circulates in up to 30-fold concentration greatert cortisol. DHEA-S undergoes conversion to DHE/Asteroid
sulfatases in many peripheral tissues [11]

DHEA is cosecreted with cortisol in response tdicotropin releasing hormone (CRH) and corticotriopfadrenal
corticotropic hormone (ACTH)).

Dissociation of DHEA from cortisol release is pnetsduring acute stress, such as may occur follovismgs or
acute trauma, and psychological stress as enceahpeior to surgery [12]

Under normal circumstances, DHEA is converted torampotent androgens including androstenedione and
testosterone as well as estrogendy_1&stradiol and estrone, by the enzymp@s-Bydroxysteroid dehydrogenase
(3B_-HSD) and 1B _-hydroxysteroid dehydrogenase fAHSD) which are found not only in classic steroieoig
tissues (placenta, adrenal cortex, ovary, andsdstit also in a number of peripheral tissues.[lt8]conversion to
androstenedione and subsequent aromatization tadesitand estrone is thought to account for thgonts of
estrogen biosynthesis in postmenopausal women [14]

DHEA is intermediate in the production of both aygkns and estrogens and it exists in equilibriurth vits
sulfated form, DHEAS [15]Since DHEA and DHEAS exist in the serum at mughbr concentrations than other
steroid hormones.

There is some sparse evidence suggesting that DklBSo synthesized in the brain; it is thought DEEA acts
on neurotransmitter receptors [16]

Neurosteroids are known to be involved in condiidiehavioral processes which are regulated byhpsygical
processes, such as response to stressful evegtstion, anxiety, aggression, depression, and reiotegulatory
behaviors, such as sleep, ingestion and reinforoef@&]. DHEA appears to have a wide range of biefefeffects
when administered to humans and rodents. Severammes include anticarcinogenic, antidiabetic and
immunomodulatory activities.
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EXPERIMENTAL SECTION

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 12 h 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 withgthidelines of the Ethical committee of Medical Resé of the
National Research Centre, Cairo, Egypt.

Experimental Design

Animals were randomly assigned into four groupsr@t8 for each). The first group received salinetsan orally

and served as negative control group. The secomgpgieceived reserpine intraperitoneally (i.p.nidose of 0.1
mg / kg b.wi[18]. for 45 days to develop a model of depressidrese animals remained to receive reserpine for 30
days more (reserpinized group or positive controlig).The third group was a reserpinized group tbegived low
dose of DHEA (30 mg/kg b.wt) orally in the last 88@ys. The fourth group was a reserpinized groupréweived
high dose of DHEA (60 mg/kg b.wt) orally in theti®® days.

Sample Collection

At the end of the experimental period (75 dags3,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 [19]. The hosrae 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 for histological invégation.

Biochemical analyses

Quantitative estimation of total protein level metbrain homogenate was carried out accordingdartathod of
Lowry et al [20]. Serotonin (5-HT) content of theam was determined by enzyme linked immunosorlaasay
(ELISA) technique using a serotonin assay kit pasgd 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 arl@ne[21]. ACTH was determined in brain using Biosource
Immunoassay kit, (ELISA) purchased from DRG Int¢ioraal Inc.,Co., USA according to the method ddsethy
Odell et al [22]. The “DS-EIA-Steroid-Corticostemdnkit is intended for the quantitative determioati of
Corticosterone concentration by a microplate emymmunoassay (ELISA) purchased from DSI S.r.b,,C
Saronno, Volonterio, Italy, according to the methodccheck et al. [23]. Brain interlukinBl(IL-1B) content was
determined by ELISA technique using IB-hssay kit purchased from Assay Pro.,Co., USA omigg to the
method described by Fan et al. [24].The contentLf in the brain was estimated by ELISA techniquséng IL-6
assay kit purchased from Koma Biotech Inc.,Co. §&turea according to the manufacturer’s instruasigprovided
with the IL-6 assay kit. Brain derived neurotroplféctor (BDNF) content in the brain was estimatgdBLISA
technique using BDNF assay kit purchased from WMea Supplies Corp., New York, USA, according to the
manufacturer’s instructions provided with BDNF askd. Brain Bcl-2 content was assayed by ELISAhgEque
using Bcl-2 assay kit purchased from Wkea Med SeppCorp., New York, USA, according to the manufeet’s
instructions provided with Bcl-2 assay kit. Aftelobd sampling animals were dissected and the brafirsach
group were removed carefully. The brains were dglithto two equal halves. One of it was used faelemical
analysis and the other was used for histopathadbgitidies. The brains were fixed in buffer formdbr 24 hours.
The specimens were washed in tap water, dehydiagstending grades of ethanol, cleared in xylenghedded in
paraffin wax (melting point 55-60 oC). Sectionspin thickness were prepared and stained with haewylatand
eosin [25]. In this method the paraffin sectiongsenvgtained in Harris's haematoxylin for 5 minutésctions were
washed in running water for bluing and then staiimetP6o watery eosin for 2 minutes, washed in watehydrated,
cleared and mounted in Canada balsam.

Statistical analysis

In the current study, the results were expressedeas + S.E of the mean. Data were analyzed byvayeanalysis
of variance (ANOVA) using the Statistical Package the Social Sciences (SPSS) program, versionThé.
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difference was considered significant wHer0.05 . Percentage of differene representing theep¢rof variation
with respect to the corresponding control group eadsulated using the following formula

% difference = Treated value- CGohwaluex 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 pgpragtein) with the percent of difference -40.98% .cbntrast,
treatment of the reserpinized groups with the diffé doses of DHEA led to significant elevati®tx(.05) in brain
serotonin content as compared to that of the pesttbntrol group. Brain serotonin content of theerpinized group
treated with low dose of DHEA was 258.99 pg/mg girotvs 182.96 pg/mg protein for the positive cohtnmup
with the percent of difference 41.56%. Brain sengtoccontent of the reserpinized group treated Withh dose of
DHEA was 263.99 pg/mg protein vs 182.96 pg/mg pnofer the positive control group with the perceoft
difference 44.29%.

2-Dopamine (DA)

The results of brain dopamine content in the nggatbntrol and other studied groups are illustréme@able (1).
The recorded value of brain dopamine content inréserpinized group (positive control group) afiérdays of
reserpine administration revealed significant daeseeP<0.05) as compared to that in the negative controlify
(171.75 pg/mg protein vs 277.20 pg/mg protein vihb percent of differenc -38.04%. However, sigmifit
increase P<0.05) in brain dopamine content was detected inrdserpinized groups treated with DHEA as
compared to that in the positive control group.iBm@opamine content of the reserpinized group ¢iatith low
dose of DHEA was 235.20 pg/mg protein vs 171.78nggorotein for the positive control group with thercent
of difference 36.94%. Brain dopamine content of thserpinized group treated with high dose of DH&E#s
239.72 pg/mg protein vs 171.75 pg/mg protein fergbsitive control group with the percent of diflece 39.57%.

Table (1): Effect of treatment with different dosesof DHEA on brain neurotransmitters (serotonin anddopamine) content of the
reserpinized rats (Experimental model of depression
Data are represented as Mean +S.E for 10 ratsugro

Parameters
Groups

Serotonin
(pg/mg protein)

Dopamine
(png/mg protein)

Negative control group

309.99 + 23.83

277.20 +11.95%

Reserpinized group (positive control)

182.96 + 16.69

171.75+12.78

(-40.98%) (-38.04%)
Reserpinized group treated with low dose of DHEA 25%191936%2'8?’ 23?:.3260;4:1[& 70
Reserpinized group treated with high dose of DHEA 263(’;1%19292()%3@ 23(%;?%/0:;’8

a: Significant change at R 0.05 in comparison with the negative control group
b: Significant change at R 0.05 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 AQ&vel
exhibits significant elevatiorP0.05) in the reserpinized group for 75 days(positientrol group) when compared
to that in the negative control group (60.95 pgil26.49 pg/ml with the percent of difference 1304). In the
contrary,Serum ACTH level of the reserpinized grorgated with low dose of DHEA was 43.38 pg/mi6gs95
pa/ml for the positive control group with the pertef difference -28.83%, and that for the resdggd group
treated with high dose of DHEA was 39.60 pg/ml 0s96 pg/ml for the positive control group with thercent of
difference -35.03%.
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2-Corticosterone

The data of serum corticosterone level of the diffé groups under investigation are recorded ineréd) .Serum
corticosterone level displayed significant increé®€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%. Whereas,Serum corticosteroved & the reserpinized group treated with low do§®HEA

was 50.65 nmol/l vs 85.04 nmol/l for the positoantrol group with the percent of difference -4@#4nd that for
the reserpinized group treated with high dose oEBHvas 46.95 nmol/l vs 85.04 nmol/l for the positivontrol
group with the percent of difference -44.79%.

 Proinflammatory Cytokines

1-Interleukin-1 beta (IL-1B)

The data given in Table (3) illustrated the effettreatment with DHA on brain ILficontent of the reserpinized
rats as an experimental model of depression. Tédtseshowed significant increase<0.05) in brain IL-B content
of the reserpinized group (positive control groafigr 75 days of reserpine administration as coetpty that in the
negative control group (5.39 pg /mg protein vs 1pggmg protein with the percent of difference 208@n the
other hand, treatment of the reserpinized groupis BHEA resulted in significant decrease<(.05) in brain IL-B
content as compared to that in the positive cogimmup.Brain IL-B content of the reserpinized group treated with
low dose of DHEA was 2.68 pg/mg protein vs 5.3%mgbrotein for the positive control group with ghercent of
difference -50.28%, and that for the reserpinizexug treated with high dose of DHEA was 2.54 pgfmgtein vs
5.39 pg/mg protein for the positive control grougphvthe percent of difference -52.88%.

Table (2): Effect of treatment with different dosesof DHEA on hormones on serum ACTH and coticosteramlevels of the reserprinized
rats
Data are represented as Mean £ S.E for 10 rats/grou

Parameters ACTH Corticosterone
Groups (pg/ml) (nmol/l)
Negative control group 26.49+1.52 35.41+0.86

60.95+3.44 85.04+4.73
(130.09%) (140.16%)
43.38+4.26 | 50.65+1.19
(-28.83%) (-40.44%)
39.60+2.87 | 46.95+1.13
(-35.03%) (-44.79%)
a: Significant change at R 0.05 in comparison with the negative control group
b: Significant change at R0.05 in comparison with the positive control goou
(%): percent of difference with respect to the esponding control value.

Reserpinized group (positive control)

Reserpinized group treated with low dose of DHEA

Reserpinized group treated with high dose of DHEA

Table (3): Effect of treatment with different dosesof DHEA on brain proinflammatory cytokines of the reserpinized rats (Experimental model of
depression)
Data are represented as Mean £ S.E for 10 ratsugro

Parameters IL-1B IL-6
Groups (pg/mg protein) | (pg/mg protein)
Negative coitrol group 1.75+£0.1 26.04+1.7.
. o 5.39+0.18 70.1745.47
Reserpinized group (positive control) (208%) (169.47%)
Reserpinized group treated with low dose of DHEA 2(%%122; )5 32;1336311';2?
Reserpinized group treated with high dose of DHEA| 2(%42183%7 3?497%2(2?

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

2-Interleukin-6 (IL-6)

Data recorded for brain IL-6 content in the negatcontrol group, and other studied groups are atlegiin
Table(3). In comparison with the negative contradup,the reserpinized group (positive control ghoafter 75
days of reserpine administration revealed signifiedevation P<0.05) in brain IL-6 content (26.04 pg/mg protein
vs 70.17 pg/mg protein) with the percent of diffeve 169.47%. However, as compared to the positiveral
group, the treated groups with DHEA recorded sigaift reduction#<0.05) in brain IL-6 content.The brain IL-6
content of the reserpinized group treated with tmse of DHEA was 39.36 pg/mg protein vs 70.17 mgjpmotein
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for the positive control group with the percentdference -43.91%, and that for the reserpinizexig treated with
high dose of DHEA was 36.92 pg/mg protein vs 7Qd/img protein for the positive control group wittetpercent
of difference -47.38 %.

» Neurotrophic factor
Brain derived neurotrophic factor (BDNF)

On measuring of the value of brain derived neopitic factor (BDNF) in the brain of the differesttidied groups,
the data revealed that brain BDNF content exh@igaificant reduction®<0.05) in the reserpinized group (positive
control group) after 75 days of reserpine admiat&in when compared to that in the negative comroup (0.095
ng/mg protein vs 0.220 ng/mg protein) with the petcof difference -56.82%. In contrast, the treatimaf the
reserpinized groups with DHEA resulted in signifit&levation P<0.05) in brain BDNF content with respect to
that in the positive control group.Brain BDNF carttef the reserpinized group treated with low doEBHEA was
0.167 ng/mg protein vs 0.095 ng/mg protein for plsitive control group with the percent of diffecen75.79%,
and that for the reserpinized group treated witihldose of DHEA was 0.172 ng/mg protein vs 0.098nggprotein
for the positive control group with the percentdference 81.05 %.

 Antiapoptic marker

B-cell lymphoma-2 (Bcl-2)

Table (4) represented the results of the effedredtment with DHEA on brain Bcl-2 content of theserpinized
rats. Significant reductiorP&0.05) in brain Bcl-2 content was detected in thserpinized group (positive control
group) after 75 days of reserpine administratioremnvitompared with that in the negative control gré®52
ng/mg protein vs 0.115 ng/mg protein) with the petcof difference -54.78%. On the other hand, Sicpnt
increase P<0.05) in brain Bcl-2 content was recorded in theugs treated with DHEA as compared to that in the
positive control group.Brain content of Bcl-2 iretheserpinized group treated with low dose of DHE#s 0.086
ng/mg protein vs 0.052 ng/mg protein for the pwsittontrol group with the percent of difference3@8%6, and that
for the reserpinized group treated with high dosBIEA was 0.089 ng/mg protein vs 0.052 ng/mg grofer the
positive control group with the percent of diffecer71.15 %.

Il -Histological Results

Histological investigation of brain tissue sectiasfsrats in the negative control group showed thghllg active

nerve cells (neurons) that having huge nuclei witlatively pale stain.The nuclear chromatin and gheminent

nucleoli of these cells are disappeared. The sodiog supporting cells (glial cells) appeared vadénse stain small
nuclei and the condensed chromatin with no visilbleleoli. The background substances (neuropilshosvn in the

cortex fig. 1).

Histopathological investigation of brain tissuets@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 appdafdo necrosis of pyramidal neurons was fo(ffid. 2).

Table (4): Effect of treatment with different dosesof DHEA on brain neurotrophic factor (BDNF) and antiapoptotic marker (Bcl-2) of
the reserpinized rats (Experimental model of depreson)
Data are represented as Mean £ S.E for 10 rats/grou

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
p group (p (-56.82% (-54.78%
- . 0.167+0.016 0.086+0.009
Reserpinized group treated with low dose of DHEA (75.79%) (65.38%)
. L 0.172+0.012 0.089+0.007
Reserpinized group treated with high dose of DHEA| (81.05%) (71.15%)

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

Microscopic examinatiomf brain tissue section of rats in the reserpinigeoup after 75 days showed neuronal

damage, and shrinkage. The basophilic neurons ghowre pyknosisKig. 3).
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Microscopic examinatioof brain tissue section of rats in the reserpinigezlip after 75 days showed dark neurons
of the hippocampus and significant necrosis of pydal neurongFig. 4). Histopathological investigation of brain
tissue sections of reserpinized rats treated withdr high dose of DHEA showed the normal structifreerebrum
(Figs. 5,7)respectively. Noteworthy, some dark neurons areaga in case of treatment with low dose of DHEA
(Fig. 5). Histopathological investigation of brain tissuetns of reserpinized rats treated with low orthidpse of
DHEA showed the normal structure of hippocampusteorthy, few dark neurons were fourfBiigs 6, 8)
respectively.

Glial cell

Neuropil

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 surroundingugpporting cells (glial cells) have
small nuclei with dense stain, and the condensedmmatin with no visible nucleoli. The background sistances (neuropil) are shown in

the cortex (H & E, Scale bar 20 pm)

\.
Neuropil

;x.f"‘y =
= _-.i
S

T

. ==
R,

£
.‘7/
;{!’

MNeurons 7

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 nucieand nucleolui (arrow). Glial cells
and neuropil are appeared. No necrosis of pyramidaieurons is found (blue arrow) (H & E, Scale bar 2@um)
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Fig. (3): Micrograph of brain tissue section from iat administered reserpine for 75 days showing neurml damage (red arrow), and
shrinkage (blue arrow) of cerebrum. The basophilimeurons show core pyknosis (arrowhead) (H & E X 4Q@cale bar 20 pm)

Fig. (4): Micrograph of brain tissue section of ratin the reserpinized group after 75 days showing @& neurons of the hippocampus
(arrows) and significant necrosis of pyramidal neuons (arrowhead) (H & E, Scale bar 20 pm)
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Fig. (5): Micrograph of brain tissue section of reerpinized rats treated with low dose of DHEA showig the normal structure of
cerebrum with the appearance of some dark neurond{ & E, Scale bar 20 um)

Fig. (6): Micrograph of brain tissue section of reerpinized rats treated with low dose of DHEA showig the normal structure of
hippocampus. Few dark neurons (arrows) are notice(H & E, Scale bar 20 pm)
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Fig. (7): Micrograph of brain tissue section of resrpinized rats treated with high dose of DHEA showig the normal structure of
cerebrum (H & E, Scale bar 20 pm)

Fig. (8): Micrograph of brain tissue section of resrpinized rats treated with high dose of DHEA showig the normal structure of
hippocampus. Few dark neurons are observed (arrowgH & E, Scale bar 20 pm)

DISCUSSION

The results of the present study revealed thatrpe®e administration resulted in significant redontin brain
serotonin and dopamine contents in comparison thighnegative control group. According to the monioem
theory, the most important neurochemical processdéapression is the impairment of monoaminergic
neurotransmission with the concomitant decreaskedrextracellular concentration of norepinephrind aerotonin
[26]. It has been postulated that the debilitating atenothronic symptoms of depression result fromréupation

in serotonin (5HT), norepinephrine and/or dopamiaasmission. This hypothesis stems from the waorkedn the
late 1950s showing that monoamine oxidase inhibitnd tricyclic antidepressants that elevate tleldeof
monoamines through preventing their metabolismlocking their reuptake were effective antidepretssdfa7].
Reserpine as an antihypertensive agent has beed foudecrease brain monoamines with consequerniésital
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effects on mood [28]Reserpine is known to induce hypothermia, hypolitytptosis and catalepsy as well as to
slow the frequency and increase the amplitude eftedencephalogram (EEG) waves by deleting intraata
monoamines such as norepinephrine, serotonin améndoe [29] Because these actions of reserpine are
antagonized by tricyclic antidepressive agents, réeerpine-induced neurochemical changes is comsldas a
model of depression and is used frequently foretrauation of the antidepressive agents [30]

For classical neurotransmitters such as monoamuessg;ular storage involves transport from the pigem where
transmitters accumulate after synthesis or remfreah the synapse. Reserpine has been found intesitittthe
vesicular amine transporter as reserpine can Hititeasite of amine recognition and inhibit theigakar uptake of
monoamine neurotransmitters (serotonin, norepinephand dopamine) which are subsequently metalblize
monoamine oxidase enzyme. As a result, reserpinlel cteplete amine stores in the brain [31]

A growing number of evidence has demonstrated gatoine 2,3-dioxygenase (IDO) as an enzyme invoimed
depressogenesis, not only because of its effectepvatonin biosynthesis [32] but also because opitkative
contributions to excitotoxicity and oxidative stse$DO is highly inducible by proinflammatory cyiaks (IFNy
and TNFe) and is secreted by activated macrophages and atimaunoregulatory cells, which catalyzes the
degradation of tryptophan (serotonin precursoRytaurenine [6]. As kynurenine degradation leadtheoformation
of 3-hydroxykynurenine (3-HK, generates free radggecies that can cause oxidative stress) andlbpiic acid
(QA, a glutamate receptor agonist), the increasethigate receptor activity in depression has a maije due to
that IDO mediated imbalance of kynurenine pathwastaiolites as a result of cytokine production [33jus,
cytokine- and IDO-mediated degradation of tryptapti@ough the kynurenine pathway is hypothesizddftoence
serotonergic biosynthesis and neurotransmissidhedrbrain resulting in significant neuropsychiatansequences
including depression.

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

Stress is characterized by physiological changas dlecur in response to novel or threatening siintiese
changes comprise a cascade of neuroendocrine emedimted 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 stimulatetuitary adrenocorticotropic hormone (ACTH) release
culminating in the secretion of adrenal glucocaitis (cortisol in humans and corticosterone in migleinto the
circulatory system [34]

Glucocorticoids then act at target tissues throughbe body to confer physiological changes thadbém an
organism to deal with an acute stressor and thamrrdo a pre-stress level of functioning. NormaPAd axis
functioning is thus essential for survival becaits&cts to maintain bodily equilibriumHowever, repeated HPA
axis activation can produce damaging physiologéffcts and exert a profound impact on brain fuorc{B5]. For
example, repeated exposure to high levels of glutooids leads to a downregulation of hippocampal
glucocorticoid receptors (GR), which impairs theligbof the hippocampus to control glucocorticoimgative
feedback [36] This leads to a further hypersecretion of glucticoirds, and this is thought to produce neuronal
changes in several brain regions, including theodgampus [37] and amygdala [38)ithin the hippocampus,
persistently elevated glucocorticoids levels leadiéndritic remodeling of CA3 neurons, decreasadagenesis,
and finally cell death [39]

In the current study, reserpine administration poaal significant increase in serum levels of ACThd a
corticosterone when compared with the negative robrgroup. 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 hyperamtaemia in human [40]. Whereas hyperactivity & HPA axis
may be prevented by means of an inhibitory feedlmekhanism as the dysregulation of this feedbaatham@sm
appears to occur in depressive disorders [41].

The current results demonstrated that brain inkert@p (IL-1) and interlukin-6 (IL-6) are significantly in@eed

in reserpinized group as compared to the negata&ral group. The observed increase in the brairiest of these
inflammatory cytokines is associated with the digant decrease in the brain content of brain aetimeurotophic

445



Hanaa H. Ahmedet al J. Chem. Pharm. Res,, 2015, 7(1):435-452

factor (BDNF) as shown in the present study. It haen demonstrated that the amount of periphetakicye
production largely depends on the state of immuatization. In pathological conditions, such as acoit chronic
inflammation and tissue damage, the immune systeractivated and macrophage activity is increasetiwh
accounts for the increased production and rele&sgtokines, such as ILBL IL-6 and TNFe. Moreover, it has
been demonstrated that II3-inay stimulate the production of other cytokineshsas IL-6 and TNFe: by astrocytes
and microglia and hence promoting inflammatory psses in the brain [42]he activation of microglia and the
production of proinflammatory cytokines as well@gdative stress, all together contributed in dopesrgic and
serotonergic neurons and terminals damage [43].

Changes in the amount of cytokine production mag &le due to neuroendocrine influences on the inensystem
[44]. In this respect, the effects of corticostdmiwhich are produced by the adrenal cortex afirhecomponent
of the HPA axis, are most important. These hormprpesticularly cortisol and corticosterone have rbee
demonstrated to be involved in the regulation afhime responses and thereby the production of gyskiAs it
has been shown that even low concentrations ofcosteroids stimulate proinflammatory cytokine protion
[45].0n the other hand, the potential mechanisms leatirgytokine-induced depression are humerous and we
reviewed by Miller et al. [46], and others. Sevédia¢s of evidence demonstrating how cytokines @amtribute to
HPA axis hyperactivity [47] and affect the serotggie and dopaminergic systems [48]. Proinflammatoytpkines
are potent activators of the HPA axis [49] and ¢ff@e play a critical role in activating the HPAisxn major
depression. Furthermore, there is evidence thakitws counteract the negative feedback actiorodfoosteroids
on the HPA axis, leading to HPA axis dysregulati{®®]. The mechanism by which cytokines may disturb
inhibitory feedback of corticosteroids on the HPRisa may involve the induction of corticosteroidceptor
resistance in the hypothalamus and pituitary glaed,brain areas that normally mediate HPA axiwmregulation.
Alterations in the functioning of these centraltamsteroid receptors could then lead to decreaseditivity of
hypothalamus and pituitary to elevated corticostex,ahereby resulting in lack of the negative tesck[50].

The increased inflammatory process and the redneatbgenesis 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 [51R) changing glial cell functions, in which the clgas in astrocyte-produced neurotrophins could
make significant contribution, and 3) overproductinf oxygen radicals that can directly damage nesivia the
activation of microglia [52]. As a consequence afnmglial activation, the functions of the otheraglcells mainly
astrocytes are changed and the production of nepiuhs may be altered. Thus, it has been staggddgpression
likely contributes to impairment of cellular resitice by a variety of mechanisms, including redustio the levels

of BDNF, facitating glutamatergic transmissioia N-Methyl-D-aspartate (NMDA) and non-NMDA receptpesnd
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 cleauarotoxins,
regulate neurotransmission and modulate neurogehesis and digenesis [53]

The neurotrophin hypothesis postulates that loseenfrotrophins, particularly brain-derived neurptiic factor
(BDNF), plays an important role in the pathogene$imajor depression, and hence neurotrophin rator may
represent an important mechanism for antidepressificaicy [54] This hypothesis is supported by postmortem
studies of brain samples from depressed patiertig;hwexhibit lower BDNF levels than those obtairfeam
patients undergoing antidepressant treatment [55].

In view of the present results, rats administeesbrpine displayed significant decrease in brafiapoptic 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 immunohistochenmasallts. Apoptosis is regulated by different classeproteins
including caspase-3, which can induce the cleaghge¢her proteins and alter cell integrity. Actiiat of caspase-3
is considered to be a hallmark of apoptosis [RfJstream caspase-3 are antiapoptotic proteins asidcl-2 and
proapoptotic proteins (such as Bax), which reguthe release of cytochrome c¢ from mitochondriajvating
caspase to induce apoptosis. It has been shownBtti2 shuts off the apoptotic signal transductathway
upstream of caspase activation [57].The Bax: B is used as an index of vulnerability for ajpsis [58] A
shift in the ratio of these proteins in favor oftproapoptotic members triggers the release of andtdrial
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cytochrome c(an electron carrier) which binds tompsis protease activator factor-1 (Apaf-1) aridgers the
cleavage (activation) of caspase-3.

Proinflammatory cytokines have been found to digpb@oapoptotic properties in limbic areas such las t
hippocampus, further supporting their role in tla¢hophysiology of depression [S#nother 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 promatdbksurvival is through increasing the expressbithe
major cytoprotective protein, Bcl-2. Bcl-2 attenemtell deatlia 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 transcriptiorofacAMP response element-binding protein (CREB)tivated
CREB enhances the transcription of many genesudiitoy BDNF itself. Both BDNF and CREB, through the
mediation of Bcl-2 family members, contribute tairenal survival [60]

Dehydroepiandrosterone (DHEA) and its sulfate e$BHEAS) together defined as DHEA/S are the major
secretary products of adrenal gland [@IHEA and in parallel, DHEAS, are also producedha brain, thus termed
neurosteroids [62]Neurosteroids are known to be involved in conditid behavioural processes which are
regulated by psychological processes, such as mespto stressful events, cognition, anxiety, agioes
depression, and in other regulatory behavioursh sag sleep, ingestion and reinforcement [1i] paticular,
Wolkowitz and Reus [63jeported that DHEA has a potential applicationthatreatment of depression.

As mentioned before, serotonin, noradrenaline,domhmine are believed to be involved in mental eggion [64].
According to the monoamine theory, depletion obsamin and/or dopamine is one of the causes ofedsjon [65]
The present results demonstrated that DHEA admatish induces significant increase in brain samotaontent

of the reserpinized rats as compared to the rasegu group (positive control group). This resslin agreement
with the finding of Svec and Porter [66] which shemlvthat administration of DHEA increases hypothatam
serotonin levelsThis result supports the positive relationship keetw DHEA and brain serotonin and the possible
positive effect of DHEA in depression.

The antidepressant-like effects of DHEA [67] coblkl explained by the interaction between the sigmac#&ptor
agonist, DHEA and or /DHEAS [68] and norepinephdopamine and serotonin (5-HT) neurotransmis$a$i.
Enhancement of norepinephrin [7,(8erotonin [71] and dopamine [72] neurotransmisssoconsidered to have an
antidepressant effect.

Serotonergic drugs (such as 5-HT reuptake inhibitond 5-HT2B/2C agonists) are anxiolytic [73]. Thiisis
possible that serotonergic stimulation by DHEAngdlved in the anxiolytic effect of the steroidan humans [74]
and animal models [75].

The suggested mechanism for serotonergic stimuldjoDHEA was the MAO inhibitory effect of DHEA wtth
led to its beneficial effect on mood [76]. This lbyipesis deserves further investigation but it isststent to the
effect of the steroid on behaviour associated toteaergic neurotransmission system such as maaglession and
anxiety.

It has been shown that DHEA modulates several meamsmitter systems and this might be involvedt& i
behavioural effectfr6]. Some studies suggested that DHEA and itsaatedf ester (DHEAS) may reduce dopamine
(DA) D2 receptor activation [77while increase D1 receptor-dependent Protein kiragPKA) activity [69]
Moreover, both DHEA and DHEAS could increase DAeeale from dopaminergic neurons [78].

The data in the current study revealed a signifiedevation in the brain content of dopamine afteatment with
DHEA in the reserpinized rats as compared to thstipe control ones. This finding might be attribdtto the
modulatory effects of DHEA on dopamine neurotrarssiain at both presynaptic and postsynaptic sit@k [7

It has been demonstrated that treatment with DHiohelased the dopamine content in the ventral tetgharea
(VTA) and the nucleus accumbens (Nac) of the bf&ii). Moreover, DHEA administration at the dose of 25kgg
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has been found to increase dopamine content itatbeal hypothalamus [79Fagi et al. [80}eported that MAO
inhibition is involved in the neuroprotective effeof DHEA. This property enables DHEA to stimulatee
dopaminergic system. As the selective MAO inhilEtdMAOI's) such as selegiline and rasagiline shoald
neuprotective effect in experimental models of pestinism as well as in other paradigms of cell dzer{&1].

DHEA and DHEAS might increase dopamine releaseudi@1R since these steroids have been shown to act as
agonists at this site [82h the reward system, there is diereceptor §1R), which is an intracellular protein present
on the endoplasmic reticulum membrane that canrdreslocated after activation [83,84] resulting @caum
mobilization and modulation of several neurotraritgniresponses. It has been suggested ¢hgt is a signal
transduction activator that facilitates DA neurasmission [85]

Thuse, DHEA and its sulfate ester might stimulat@aiine release as sigma receptor agonists aneédaptors
antagonists [86] These means that DHEA may increase dopamine eelmsugh presynaptic D2 receptors
inhibition and/ or sigma receptor activation.

The current results revealed that serum ACTH andicosterone levels are significantly reduced after
administration of DHEA in the reserpinized groupcasnpared to the positive control group. In accoogaof our
results, [87] found that DHEA administration, casisedecrease in both ACTH and corticosterone léneddimal
model of depression. This result could be explaimgthat DHEA is a neuroactive steroid which suppes HPA
system activity [88].

In the view of the obtained results, DHEA has aieessant effectsia several plausible mechanisms, 1)
counteracting glucocorticoid actions, 2) agoniatition on sigmal receptors, and 3) enhancing adrenaline and
serotonin neurotransmission [71]

DHEA is the most abundant andrenal steroid with imomodulatory activity [89]This may be due to the ability
of DHEA to inhibit nuclear factor kappa B (NB). In vitro studies showed that DHEA increases secretion &f IL
by activated T lymphocytes and decreases produaifofiL4, IL5, and IL6, thus it could stimulate Thipe
cytokines [90] In particular, DHEAS has been found to repregsetkpression and activity of IL6 gene promoter,
supporting the concept of the antiinflammatory effexerted by androgenic steroids [91].

The present study demonstrated a decrease in déive dontent of IL-B and IL-6 after administration of DHEA in
the reserpinized rats compared with the positiverobgroup. This finding is in accordance withttbdMurialdo et
al. [92] who stated that mechanisms proposed for DHEA'stimgtaeuroprotective effects include inhibitiontbe
production of pro-inflammatory cytokines including-1p, IL-6, and TNFe. A growing body of evidence
demonstrated that DHEA can reduce the releaseegpthinflammatory cytokines IL-1, IL-6, and TNFF93], and
the metabolites of DHEA, including androstenedintl androstenetriol may also regulate macrophagekicy
secretion [94] These findings indicated that DHEA and DHEAS hawéi-inflammatory and immunomodulatory
effects [95] The suggested mechanism for these propertiesislility of DHEA and DHEAS to inhibit NikB
activation via the inhibition of hydrogen peroxide-induced NB-activity and the activator protein-1 (AP1;
fos/jun)-mediated transcription, which is knownbi® a radical-sensitive transcription factor [9Bfus, it has been
proposed that DHEA and DHEAS act on NB-indirectly through a cytokine-induced signalingtipway involving
reactive oxygen species [96].

Steroids are known to have genomic actions, byt the also have nongenomic effects by interactiitg geveral
types of neurotransmitter receptors and neuromoahylproteins [97]

On the basis of this evidence, the result of theerut work revealed elevated level of brain BDNFaasesult of
DHEA administration in the reserpinized rats as pared to the positive control ones.

Our result is in agreement with that of Naert et [8B] who investigated the possible mechanism by which
DHEA(S) can promote neurogenesis and neuronal v&alrvirhese authors reported that single intrapeeiad
injection of either DHEA (25mg/kg) or DHEAS (50 nig) into rats change the regional brain conceranetiof
BDNF during the 300 minutes of the experiment. Thaés received DHEA have increased BDNF in the
hypothalamus compared to sham rats that receivah®eoil [98] It has been proposed that DHEA and DHEAS
play a role in neurodevelopment, due to a transs&ptession of steroidogenic enzyme P450 17-algeokylase
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(P450c17) [99As DHEA and DHEAS have been found to aid in neurordhway formation [100]. Thus, the role
of DHEA in depression comes from its antidepressiffect and its role in neurogenesis.

Bcl-2 has been known to play a critical role inmpaging cell survival. The data in the present strelyealed that
administration of DHEA in reserpinized rats prodaisggnificant increase in brain content of Bcl-Zcaspared to
the reserpinized group (positive control group). BHhas been shown to have oxygen-free radical scpare
properties that may play a role in its neuronatgetive activity [101]

Some investigators suggested that the neuropreteatitivity of DHEA against excitotoxicity-inducatkuronal
death is mediated by its conversion to testosteeore further to estradiol by aromatase [102]. & h#so been
hypothesized that 7-alpha-hydroxylation of DHEA rieg¢€ls its neuroprotective activity [103].

DHEA has been found to regulate Bcl-2 at the wweptonal levels, because of the exposure of vias@ndothelial
cells to DHEA increased Bcl2 promoter activity amiRNA level [104]The mechanism by which DHEA could
stimulate Bcl-2 expression is explained as DHEAbte to bind and activate G-protein coupled memiraceptor
alpha inhibitory subunit (@) which, in turn, activates tyrosine kinase c¢ {Srprotein kinase C (PKC) and
MAPK/ERK pathway. These kinases activate the pnagar transcription factors CAMP response elementling
protein (CREB) which stimulate the expression dfagpoptotic proteins such as Bcl-2 and Bclxl [LU5us, DHEA
could increase Bcl-2 level and stimulate Bcl-2 fiiwr.

Microscopic examination of brain tissue sectionsrais given reserpine for 75 days showed neurnalade,
shrinkage of neurons, and basophilic neurons witk pyknosis in the cerebrum as well as a sigmificecrosis of
pyramidal neurons of the hippocampus. These firglang in agreement with those of McEwen, [106] wtaied
that stress, a risk factor for depression evokeeralritic shrinkage and neurnal loss within thepbigampus in
animal models that mimic human depression [107f fiippocampus appears to be particularly senditivaress
stimuli in both animals and humans as this bramamdergoes selective volume reduction and déndeiraction.
Thus, it has been suggested that depression mayaskeciated with decreased hippocampal plasticity
[108].Additionally, it has been reported that tlepeated restraint stress or a combination of ddissors in rats
induces atrophy of hippocampal CA3 pyramidal nearfli®9] This atrophy is mimicked by daily treatment with
corticosterone [110] indicating that elevated diating adrenal steroids secreted during stress beayvolved in
triggering these morphological alterations.

CONCLUSION

The current study provides an experimental eviddac¢he antidepressant efficacy of DHEA. This veahieved
through the activation of serotoninergic and dopergic system, reduced levels of ACTH and cortieaste,
inhibition of proinflammatory cytokines, promotiai neurotrophic factor and improvement of the matpbical
structure of the brain.
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