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Abstract

Objective: This study aimed to evaluate the effect induced by musk on Alzheimer’s disease—such as neurodegenerative changes in
mice exposed to chronic unpredictable mild stress (CUMS). Material and Methods: Forty male Swiss albino mice were divided
into 4 groups (n = 10); control, CUMS, CUMS + fluoxetine, CUMS + musk. At the end of the experiment, behavior of the mice
was assessed. Serum corticosterone level, hippocampal protein level of the glucocorticoid receptors, and brain-derived neu-
rotropic factor were also assessed. Hippocampus was histopathologically examined. Results: Musk improved depressive status
induced after exposure to CUMS as evidenced by the forced swimmingand open field tests and improved the short-term memory
as evidenced by the elevated plus maze test. Musk reduced both corticosterone levels and the hippocampal neurodegenerative
changes observed after exposure to CUMS. These improvements were comparable to those induced by fluoxetine. Conclusion:

Musk alleviated the memory impairment and neurodegenerative changes induced after exposure to the chronic stress.
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Introduction

About 44 million people, worldwide, have Alzheimer or a
related dementia.' In North Africa and the Middle East, there
were 2.34 million people with dementia in 2015 which is
expected to be raised to 4.35 million in 2030 and to 10.04
million in 2050.%> Alzheimer’s disease (AD) accounting for
nearly half the number of cases of dementia; so this has become
a big social problem.’ Alzheimer’s disease is a state of pro-
gressive neurodegenerative brain disorder where the person
exhibits dementia associated with various degrees of memory
disorder and cognitive deterioration.* This disorder could be
considered as a squeal of altered living conditions associated
with the industrialization of society.’

Epidemiologically, stress was reported to be a risk factor for
AD.®” Chronic stress, specifically, may play a critical role in the
etiology of sporadic AD. Chronic stress had been reported to
induce atrophy and functional impairments in several brain areas
such as the frontal cortex and hippocampus that play an impor-
tant role in the generation and progression of depression and
AD.®? Stress induces an increase in steroids that was reported
to alter neuronal structure and function as well as inhibit general
brain activity.'® Stress also increases hippocampal vulnerability
to neuronal atrophy that reversibly impairs cognitive function.''

The preventive medicine for dementia has become more
important.'? Recently, complementary alternative medicine,
which, in addition to using medications, also makes use of

various “nonpharmacological” approaches, has become an
attractive alternative in the treatment of senile dementia.'?
Essential volatile oils from plant or animal sources were
used in preventing and treating many clinical problems, and
this is known as aromatherapy.'* In psychiatry, aromatherapy
was used for improving emotional changes in different neuro-
degenerative diseases specifically in treating dementia in both
experimental animal model and human.'>'” Musk is a power-
ful odoriferous substance obtained from a special gland of male
musk deer. Khan and Abourashed reported that musk was uti-
lized by Chinese long time ago for patient with stroke, coma,
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Figure |. Procedure of the experiment. Mice were exposed to chronic unpredictable mild stress (CUMS) from day | to day 28. On day 29 to
day 42, the mice were exposed daily to the control treatment (amyl acetate), fluoxetine, or muck. On the days 43 to 45, the behavioral tests
were sequentially done for all groups. On the day 46, blood samples were obtained then the mice were sacrificed.

neurasthenia, and convulsions.'® Musk was described to reduce
stress and induced an antidepressant-like effect.'®*® Therefore,
this study aimed to assess the effect of chronic unpredictable
mild stress (CUMS) on the hippocampus of the mice and to
investigate the possibility to alleviate this effect by musk inha-
lation. We hypothesized that musk can alleviate the chronic
stress-induced memory impairment as well as the AD-like neu-
rodegenerative changes in mice.

Material and Methods

This study design is compliant with the guidelines of dealing
with experimental animals that were followed in the King
Fahed Medical Research Center (KFMRC) and were compli-
ant with Declaration of Helsinki.”' An ethical approval for
this study was obtained from the research ethics, King Abdu-
laziz University, Jeddah, Saudi Arabia with a reference num-
ber (48-16).

Musk (Moschus moschiferus) used in this study was
obtained from 1 of Jeddah markets. The constituents of the
musk were identified using gas chromatography ( GC-MS;
Agilent, Columbia, South Carolina) and were shown in the
Supplemental table. Methods of administration of musk were
previously described.?® Fluoxetine (FLU; Dar Al Dawa Phar-
maceuticals Co, Ltd, Amman, Jordan) used in this study was
dissolved in 0.03% sodium carboxymethyl cellulose (CMC-
Na). It was given through the intragastric gavage with a dose
of 20 mg/kg.*? Five percent amyl acetate, an odorous substance
with no effect on anxiety, was obtained from Sigma (St Louis,
Missouri) and was given to the positive control group.*®

Forty male Swiss albino mice (5 weeks old) were purchased
from animal unit at the KFMRC, Jeddah, Saudi Arabia, and left
to acclimatize for 2 week to the laboratory conditions (22°C +
3°C and relative humidity of 44%-55% with a 12-hour dark/

light cycle). The animals were divided into 2 groups; the con-
trol group (n = 10) left without exposure to stress and an
experimental group (n = 30) that was exposed to CUMS for
4 weeks. This group was further divided into 3 groups (n = 10
each); a positive control group (CUMS) that was treated with
amyl acetate, CUMS + FLU that was treated with FLU, and
CUMS + M that was treated with musk inhalation. The CUMS
procedure included subjecting the mice at different time points
during the day to different stressors for 4 weeks.>* All treat-
ments were started after stopping the exposure to CUMS and
were administrated for 2 weeks (see Figure 1). Fluoxetine was
given through the intragastric gavage. Amyl acetate and musk
were inhaled by mice for 15 minutes once per day in an odor-
isolated chamber according to Chioca et al*> Two cotton balls
embedded with 2.5 mL per unit of musk were utilized to be the
source of the musk odor in the chamber. They were placed in
the top wall holes of the apparatus. These cotton balls were
replaced with another fully impregnated ones every session to
maintain the concentration of musk odor in the apparatus.

Procedures

At the end of the experiment, the behavior of the mice was
assessed through 3 behavioral tests that were previously
described by Ayuob et al in order to confirm the development
of the depression.?’ The behavior tests were performed
between 08.00 and 11.30 hours in a dimly lit room starting
with the elevated plus maze (EPM) test, open field test (OFT),
and finally the forced swimming test (FST).

1. Elevated plus maze test was conducted according to
Carobrez and Bertoglio.>* The numbers of closed arms
entries in 6 minutes and time spent by each mouse

inside the open and closed arms were observed and
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recorded expressed in seconds. Transfer latency (TL),
the time it took for the mouse to move from the open
arm to either of the closed arms when it placed in the
open arm, was also recorded in 3 successive days in
order to examine whether the mice learn this scape
behavior as described by Itoh et al.>® The TL of the
third day was included in the analysis.

2. Open field test was carried out according to Mineur et al.*”
The number of mouse rearing in 25 minutes was registered
manually, and the distance traveled by the mouse during
these 25 minutes was also measured through video track-
ing system (Columbus Instruments, Ohio, Washington).

3. Forced swimming test was done according to Doro
et al.*® In this test, the total time spent immobile by the
mouse during the 6 minutes was assessed and presented
in seconds.

The day after finishing the behavior tests, the mice were
anesthetized using light ether, and blood samples were col-
lected from retro-orbital venous plexus, centrifuged for 10 min-
utes (2200g, 4uC), and kept at the refrigerator till the estimation
of serum corticosterone levels using the Radioimmunoassay
technique (ALPCO Diagnostics, Orangeburg, New York).

After finishing blood sampling, the animals were scarified by
cervical dislocation. The brain was immediately extracted from
the skull and cut on an ice plate in the sagittal plane into 2 halves.
The hippocampus of the left half of the brain was dissected out
as described by Paxinos and Watson.>’ Tissue punches from the
hippocampus were obtained and homogenized in cold extraction
buffer (Tris-buffered saline, pH 8.0, with 1% NP-40, 10% gly-
cerol, 5 mM sodium metavanadate, 10 mM Phenylmethanesul-
fonyl Fluoride (PMSF), 100 pg/mL aprotinin, and 10 pg/mL
leupeptin) and processed by sandwich enzyme-linked immuno-
sorbent assay (ELISA) described by Baker-Herman et al to
assess the brain-derived neurotropic factor (BDNF) and the glu-
cocorticoid receptors (GRs) protein levels.*

The right half of the brain was fixed overnight in 10%
neutral-buffered formalin and processed for the routine histo-
pathological examination according to Bancroft and Gamble.>!
Congo red stain, an accepted histochemical marker for the
B-pleated sheet structure of amyloid, was also used as
described by Nobakht et al.*

Immunohistochemical staining was performed using the
peroxidase-labeled streptavidin—biotin technique. The paraffin
sections were processed according to Makhlouf et al.**> Anti-
caspase-3, the primary antibody used for the demonstration of
apoptosis, was obtained from Santa Cruz Biotechnology, Dal-
las, USA. and utilized with the dilution of 1:1000. For demon-
stration of astrocytes, anti-GFAP (Dako Cytomation, with the
dilution of 1:1000) was utilized for 1 hour. Anti-Ki-67
(Abcam, Cambridge, United Kingdom, at dilution 1:100) was
utilized to determine proliferating cells. In order to examine
and photograph the sections, a digital camera connected to a
light microscope (Olympus; Los Angeles, California) was
utilized. Morphometric measurements of the thickness and
the surface area of cornu ammonis (CA1) pyramidal cell layer

and dentate gyrus (DQG) granular cell layer were performed
using the Image ProPlus (Cybernetics, Rockville, USA).
Counting the number of GFAP- and Caspase-3-positive cells
in both CA1 and DG as well as the number of Ki67-positive
cells in DG only was also done. The counting was performed
in 5 high power field (x400) in each mouse as described by
Makhlouf et al.”?

The SPSS (version 16) software was used to analyze the
data, and the results were presented as mean and standard
deviation. Analysis of variance (F test) was used to compare
between the studied groups followed by Bonferroni post hoc
test. A P value less than .05 was considered significant.

Results

Effect on Behavioral Tests

The immobility time recorded during the FST, an indicator of
the depressive status, was significantly (P <.001) prolonged in
mice exposed to CUMS when compared to the unexposed
group. Treatment with either FLU or musk significantly (P =
.008, P = .006, respectively) reduced this time compared to the
untreated group (Figure 2).

During the EPM, the mice exposed to CUMS spent a sig-
nificantly (P < .001) shorter time in the open arms in compar-
ison with the unexposed mice indicating anxiety. In addition,
both TL on the third and the time spent by the mice in the
closed arm were also prolonged. After treatment with FLU or
musk, the stressed mice spent longer times in the open arms in
comparison with the CUMS mice (P = .001, P < .001) indi-
cating relief of anxiety. Adding to that the noticed improve-
ment in mice memory evidenced by shorting in the TL on the
third day and the time spent in the closed arm (Table 1). A
significant increase in the number of closed arm entries in the
EPM of the CUMS group compared to the control mice was
also observed (P < .001) while administration of either FLU or
musk significantly reduced it in comparison with the CUMS
group (P < .001, P = .01; respectively; Table 1).

During the OFT, the mice exposed to the CUMS traveled
significantly (P <.001) more than the unexposed mice indicating
an exaggeration in their spontaneous locomotor activity. Admin-
istration of either FLU or musk significantly (P < .001) mini-
mized this activity when compared to the untreated group. The
number of rearing was significantly (P = .02) increased after
exposure to CUMS, while administration of either FLU (P <
.001) or musk (P = .007) significantly reduced it (Figure 2).

Effect on the Biochemical Tests

Mice exposed to CUMS showed a significant (P < .001)
increase in the basal serum corticosterone when compared to
the unexposed mice. Treating stressed mice with FLU or musk
significantly (P < .001) decreased it (Figure 3).

Protein expression levels of GR and BDNF, assessed by
ELISA, were significantly (P <.001) downregulated in stressed
mice when compared to the unstressed mice while administrating
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Figure 2. Forced swimming test (A) and open field test (B, C) of the
control, chronic unpredictable mild stress (CUMS), fluoxetine-treated
(CUMS + FLU), and musk-treated (CUMS + M) groups (n = 10 each).
Data were shown as mean (SD). # indicates significance compared to
the control group; *indicates significance compared to the CUMS
group.

FLU (P<.001, P<.001), or musk significantly (P <.001, P = .02)
upregulated it compared to the unexposed group (Figure 3).

Effect on the Histological Structure

The hippocampus includes the DG and “CA” that has a char-
acteristic C shape and included 3 regions; the CA1, the CA2,

and the CA3. Both the DG and the CAl, the affected sites in
AD, were critically investigated. The CA1 included the poly-
morphic, molecular, and pyramidal layers. The latter was
formed of multilayer pyramidal neurons that have large
vesicular nuclei and slightly basophilic cytoplasm, while the
glia cells, on the other hand, have dark small nuclei. In
stressed mice, many of these pyramidal cells had dark
nuclei and cytoplasm. The size of this layer was decreased
as evidenced by the significant (P < .001, P = .002, respec-
tively) reduction in its thickness and surface area. Eosino-
philic intraneural structures; Hirano bodies (HBs) were
frequently observed in the pyramidal cells of CAl. Treat-
ment with FLU or musk reduced these changes and signif-
icantly restored the pyramidal cell layer thickness and
surface area compared to the CUMS group. The HBs were
less frequently observed (Figures 4 and 5A).

The granular cell layer of the DG was formed of polygonal
cells with open face nuclei and lightly basophilic cytoplasm. In
stressed mice, many of these granular cells had deeply stained
cytoplasm and dark nuclei, while others appeared vacuolated
and the number of the immature cell that had darkly stained
nuclei was increased. These changes were less evidenced in
groups treated with FLU or musk (Figure 6). The granular cell
layer in mice treated with FLU (P = .04, P = .02) or musk (P =
.04, P = .01) appeared significantly thicker and with larger
surface area compared to the untreated mice, respectively (Fig-
ure 5B). On examining Congo red-stained hippocampus of
mice exposed to CUMS, some scattered amyloid cores or pla-
ques were observed in both the CA1 and DG near the pyramidal
and granular cell layers, respectively. These amyloid cores
were reduced in both size and number in FLU or musk-
treated mice (Figures 4 and 6).

When it came to the effect of exposure to CUMS on the
glial cells, immunohistochemical staining with GFAP anti-
body was used to assess the integrity of these cells (Figures
4 and 6). It was found that the GFAP-positive cells signif-
icantly decreased in number in both CAl (P = .004) and
DG (P = .02) of mice exposure to CUMS compared to the
control, respectively. On the other hand, a significant
increase in the number of these cells was observed in both
groups treated with FLU (P = .03, P = .04) or musk (P =
.01, P = .04; Figure 5C). Immunohistochemical stain using
Capsase-3 antibody was used to detect apoptotic changes in
the hippocampus (Figures 4 and 7). The number of Caspase-
3 positive cells were significantly (P < .001) increased in
both CAl and DG of the CUMS group compared to the
control, while their number showed a significant decrease
after administration of FLU (P < .001) and musk (P < .001),
respectively (Figure 5). Exposure to CUMS also resulted in
a significant (P < .001) reduction in the DG neurogenesis
indicated by immunohistochemical staining with Ki67 (Fig-
ure 7). Administration of FLU or musk resulted in a signif-
icant increase in Ki67-positive cells (P = .003, P = .001) in
the subgranular zone (SGZ) of DG in comparison with the
unexposed group respectively indicating proliferation of
these cells (Figure 5C).
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Table . Effect of Musk on The Behavior Observed During The Elevated Plus Maze Test.>®<

Parameter Control (n = 10) CUMS (n = 10) CUMS +FLU(n=10) CUMS + M (n=10)
Time spent in the open arm (seconds) 27.4 (3.5) 11.8 (0.93); P <.00I 14.1 (2.5); PI = .0l 15.5 (3.5); PI = .004
Time spent in the closed arm (seconds) 126.4 (13.9) 213.6 (17.4); P<.001  202.1 (34); PI = .97 163.9 (26.6); P1 = .001
Transfer latency of the third day (seconds) 13.4 (2.3) 249 (4.1); P < .001 23.5(5.8); PI = .98 18.1 (2.3); PI = .002
Number of closed arm entries 17.3 (2.6) 25.06 (1.4); P < .001 18.3 (5.6); PI =.002 19.9 (5.4); P = .0l
Abbreviations: CUMS, chronic unpredictable mild stress; FLU, fluoxetine; M, musk.
?Data are expressed as mean (SD).
PP indicates significance versus group control.
Pl indicates significance versus group CUMS.
9Significance is considered at P < .05.
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Figure 3. A, Serum level of corticosterone shown as mean (SD). Glucocorticoid receptor protein (B) and BDNF protein (C) expression levels
in the hippocampus assessed by ELISA and expressed as percentage of control value (SD; n = 10 each). #indicates significance compared to the

control group; *indicates significance compared to the CUMS group. BDNF indicates brain-derived neurotropic factor; CUMS, chronic
unpredictable mild stress, ELISA, enzyme-linked immunosorbent assay; FLU, fluoxetine; M, musk; SD, standard deviation.

Discussion

Anxiety, depression, and cognitive impairment are comorbid-
ities triggered by psychological stress.>* In more recent stud-
ies, the association between exposure to chronic stress and
neurodegenerative disease was described.’>*® The underly-
ing mechanism of AD, one of the neurodegenerative diseases,
in case of exposure to chronic stress, was a field of contro-
versy. Anyway, studies on the discovery of drugs that can
improve chronic stress-induced learning and memory impair-
ments and neurodegeneration are of great importance for the
treatment of AD.?’

Mice exposed to stress, in this study, developed depression
evidenced by the observed elongation in the immobility time
during the FST. The reduction in the time spent by mice in the

open arm during the EPM test and exaggerated spontaneous
locomotor activity during the OFT was an evidence in devel-
oping anxiety. These findings were supported by previous stud-
ies of Liu et al.>® The EPM test was employed also to evaluate
the short-term memory, and this was reported by many
researchers.”’~ In this study, the TL and the time spent by the
mice in the closed arm were measured on the third day to assess
the mice learning of the escape behavior in the first and second
days. It was observed that the TL on third was prolonged after
exposure to CUMS indicating an impairment in mice memory
as was previously reported by Itoh et al.?® One of the explana-
tion of these behavior changes induced by stress was postulated
by Sotiropoulos et al as he reported that chronic stress induces
abnormal hyperphosphorylation of TAU in the hippocampus
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CUMS+FLU

Figure 4. The hippocampal CAl is formed of the molecular layer (MO), the pyramidal layer (PY), and the polymorphic layer (PO). The thickness
of the PY layer appears smaller in the chronic unpredictable mild stress (CUMS) compared to the control (bi-head arrow). Some darkly stained
cells (interrupted arrow) are observed. An eosinophilic structure (black arrow) is seen related to the pyramidal cell. Amyloid deposition with
salmon red coloration observed near CAl (insert show blood vessel with amyloid deposition in its wall). Imnmunoexpression of Caspase, GFAP,
in the hippocampal CAl are shown (A-D, I-T x 400, E-Hx1000). CUMS indicates chronic unpredictable mild stress, FLU, fluoxetine; M, musk.

and prefrontal cortex (PFC), with contemporaneous impair-
ments of hippocampus- and PFC-dependent behaviors.® The
contributions of the PFC and the hippocampus to learning and
memory have been known for a long time.*’

Previous studies on both human and animal showed that
hippocampus was the part of the brain responsible for cognitive
and memory functions. It was impaired very early in AD, and
its impairment, especially CA1 region, resulted in the develop-
ment of dementia and early signs of AD.**-***° In the present

study, exposure to CUMS for 4 weeks resulted in pathological
changes included many apoptotic neurons in both CA1 and DG
in addition to many vacuolated granular cells in DG. Adding to
reduced thickness of both CA1 and DG and reduced number of
the GFAP-positive astrocytes. These changes were in accor-
dance with those reported by previous researchers.”*' These
pathological changes were similar to what were described by
Okasha as a neurodegenerative changes observed in an
Alzheimer-induced model in adult male albino rats.** Hirano’s
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Figure 5. Thickness and surface area of CAl (A) and dentate gyrus (B). Immunoexpression of GFAP (C), Caspase-3 (D), Ki67 (E), in the studied
groups. Data are expressed as mean. # indicates significance versus control; * indicates significance versus CUMS. CA indicates cornu ammonis;

CUMS, chronic unpredictable mild stress; FLU, fluoxetine; M, musk.

bodies (, eosinophilic intraneural structures in the hippocampal
pyramidal cells, and the amyloid plaques, observed in Congo
red-stained hippocampus in this study, were among the neuro-
pathological hallmarks of Alzheimer described by Cvetkovic-
Dozi¢ et al.*> The DG is one of the few regions of the adult
brain where neurogenesis takes place. Neurogenesis is thought
to play a role in the formation of new memories.** Gould et al
and Li et al reported that the differentiation, not only the birth,
of the newborn cells into functional neurons is required for the
maintenance of cognitive abilities and normal learning and
memory.?>* This differentiation is compromised in AD
although neuroproliferation is increased.?” This explained the
presence of increased number of the new born cells, with dark
nuclei, in the SGZ of the DG, after exposure to CUMS in this
study. The presence of large number of these cells meant that

they remained immature and did not differentiate into mature
neurons. These findings indicated that CUMS induced AD-like
neurodegenerative changes in mice.

In the present study, an increase in corticosterone level was
observed following the exposure of mice to CUMS, and this
was in concordance with Gong et al.*® Increased cerebrospinal
fluid cortisol level in dementia of Alzheimer’s type was also
reported by Popp et al.*” Gadek-Michalska et al added that
alteration in cortisol level either systematically or in the vici-
nity of neuronal element may play a role in stress and its
consequences.*® It was reported that stress activated the
hypothalamic—pituitary—adrenal axis with subsequent increase
in glucocorticoids blood levels and activation of type II GRs
which then trigger modifications in gene expression and neg-
ative consequences for hippocampal function.** Hippocampus
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Figure 6. The hippocampal DG is formed of the PLE, the GL, and the MO. The thickness of the GL layer appears smaller in the CUMS compared
to the control (bi-head arrow). Some cells appear vacuolated cells (interrupted arrow) are observed. Note the increased number of the
immature cell that have darkly stained nuclei (arrow). Amyloid deposition with salmon red coloration observed as patches as well as aggregation
around the granular cell of the DG (A-D, I-L x400, E-H x1000). CUMS indicates chronic unpredictable mild stress, DG, dentate gyrus; FLU,
fluoxetine; GL, granular cell layer; M; musk; MO, molecular; PLE, pleomorphic layer.

possessed plenty of GRs that are involved in cognition, so
chronic stress is proposed to induce a harmful impact on the
hippocampal.*! This could explain the CUMS-induced neuro-
degenerative changes described above. Another explanation of
these changes is the reduction in the BDNF level which is
confirmed biochemically in this study by assessing BDNF hip-
pocampal protein level. Aleisa et al reported that exposure to
chronic stress resulted in marked reduction in BDNF levels in
hippocampal CA1 with subsequent hinder of the repair process
and hence aggravating the impact of amyloid B (AB).> Stress
may also modify the assembly of various AD-related proteins,
for example, Amyloid Precursor Protein (APP) and drive its
processing toward the amyloid production path that resulted in
elevated AP levels reported with stress.”'

Fluoxetine, the antidepressant utilized to treat stress-
induced depression in mice of the positive control group was
reported to attenuate the behavioral changes induced by unpre-
dictable stress and improve depression-associated changes in
hippocampal C1 region and corticosterone level.’® These
results were supportive to the findings of this study.

Chemical therapeutic for AD are often of no vast benefit.
Aicardi reported that current pharmacological therapy of AD
partially masks the symptoms, while degenerative changes still
progresses within the brain.>® Aicardi reported that using

essential oil from natural sources, what is called aromatherapy,
was reported to be safe compared to the chemical drugs.>*
Those applied it for alleviation of mental and psychological
disorders claimed that it is effective in both human and experi-
mental animal models.>>>® In the present study, inhalation of
musk alleviate the depressive status induced by exposure to
CUMS. It also shorten the TL and the time the mice spent in
the closed arm indicating that it has improved the short memory
and learning of the mice. Musk also reduced the corticosterone
level and the pathological changes induced by stress on the
hippocampal neuron in a pattern comparable to that induced
by FLU. Neurogenesis in the hippocampal is an essential part
of the FLU antidepressant action induced by augmenting pro-
liferation of neural progenitor cells in the DG.”” In this study,
musk increased hippocampal neurogenesis as evident by
increased Ki67 positive cell in the SGZ. Musk was reported
to possess anti-inflammatory activities and was used as CNS
stimulant by the old Chinese.”® Thus, the anti-inflammatory
action of musk could explain the neuroprotective effect
observed on the hippocampus in this study. The direct action
of musk through GRs could also explain for the antidepressant-
like effect of the musk.”” Natural musk was reported to contain
steroids and androgen sex hormone derivatives.®® This was
consistent with what was recorded in this study as steroids
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Figure 7. Immunoexpression of GFAP, Caspase-3, Ki67, in the hippocampal dentate gyrus (A-D x600 and E-L x400). CUMS indicates chronic

unpredictable mild stress; FLU, fluoxetine; M, musk.

accounted for up to 14% of musk’s constituents. Adding to that
muscone, the active ingredient of musk was proved to have
antiapoptotic effects.’

In conclusion, musk of animal origin was found to alleviate
the memory impairment and neurodegenerative changes
induced in the hippocampus after exposure to the chronic
unpredictable stress indicating that it is the time to test its
effectiveness on experimental models of AD.
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