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Abstract
Background
Stroke is leading cause of morbidity and mortality in worldwide. Despite valuable progresses in
understanding neurological deficits after stroke, its therapeutic options are remaining limited. We aimed
to study the neuroprotective effect of musk on cerebral ischemia/reperfusion injury model rats.
Methods:
In our experiment, we used 180 whore meal breed Wistar rats which weigh 180-220 g and divided these
rats into 50 mg/kg of musk, 100 mg/kg of musk, 10 mg/kg of nimodipine, the ischemic-reperfusion
groups by filling the midriff of the brain and take the drugs for 7 days in each group.
Cerebral ischemia/reperfusion was induced in rats by temporary middle cerebral artery occlusionreperfusion (MCAO/R) followed by treatment with musk at 50 mg/kg and 100 mg/kg doses. On days 1, 3
and 7 after MCAO/R, TGF-β, BDNF, TrkB and NGF mRNA expressions in the rat brain tissue were
quantitatively analyzed using RT-PCR.
Results:
Musk 50 and 100 mg/kg treated groups brain stroke size were significantly decreased compared with the
experimental group at 1, 3 and 7 days. Moreover, brain BDNF, TrkB, NGF and TGF-β mRNA express were
not significant difference between experimental and control group. Also 3rd and 7th day, the data indicate
that Musk 50 and 100 mg/kg were significantly (p<0,05) effective increasing rats brain BDNF, TrkB, NGF
and TGF- β mRNA express in rats with ischemic stroke induced by MCAO/R.
Conclusions:
The 50 and 100 mg/kg doses of musk lead to increase neuro-protective factors BDNF, TRkB, NGF and
TGF- β expression of mRNA in ischemic-reperfusion rat model. It implies that the Mongolian musk
supports the neurogenesis of neuronal cell.

Background
Cerebrovascular disease is common among the adult population around the world. Mongolia is
considered to be one of the countries with high rate of cerebrovascular disease prevalence.1
In the world, Mongolia is in the second place by number of stroke mortality rate, (1026.63 person/per
year) 2 and stroke incidence and death rate has been increased by 30% among working age group
population in the last 20 years and this tends to increase further.3,4
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There many studies that to develop new drugs, have been conducted with aim of declining the rate of
stroke morbidity and mortality rate and decreasing ischemic reperfusion injury after the cerebral blood
flow recovery treatment.5,6,7
Stroke is a disease that demon stemmed, brain blood vessels trembled and descent to white channels
and severe progressive aforementioned in Mongolian Traditional Medicine,8,9 and thousand years ago
musk of musk deer has been used as the main ingredient to treat white channels disease in south east
Asia (Pepeira, 1957).
Musk has relaxing and refreshing functions and therefore by its these natures, it is used for neural,
cardiovascular, respiratory and sexual dysfunction (Kun-Ying Yen, 1992; Pharmacopoeia Commission of
the Ministry of Public Health, 1996 and Zuh, 1989). Recent research studies show that musk has pain
reliefing and anti inflammatory effects and this effect has confirmed with inhibition of the arachidonic
acid byosynthesis (Cheng G, 1992).
Brain-derived neurotrophic factor (BDNF) was discovered in 1982, originally described as a small dimeric
protein 10 BDNF is also considered to be potent modulator, beneficial to neurononal functions. Brainderived neurotrophic factor (BDNF) is the most abundant neurotrophic factor in brain tissue and serves a
role in inhibiting apoptosis, promoting neuronal survival, activating neural stem cells (NSCs) following
ischemic brain injury, and regulating neural plasticity. BDNF belongs to a class of proteins that are
synthesized by brain tissues and are widely expressed in the central nervous system (CNS); it serves a
significant role in CNS development and neuronal growth and differentiation. 11,12
BDNF is broadly expresses in the developing and adult mammalian brain, synthesized in several areas of
hypothalamus, including the paraventricular, ventromedial and dorsomedial nuclei, as well as the lateral
hypothalamic area. BDNF are believed to be stored or secreted from non-neuron cells, when attacks occur,
such as human platelets. It was also found to be present in the ependimal, microglial and endothelial
cells of cerebral arterioles and astrocytes, respectively. Peripherally, BDNF accumulates in the vascular
endothelium, neuromuscular synapse, muscle and liver tissue, which is essential for neuronal repair when
stroke occurs 13-16 Mature BDNF binds with high specificity to the tropomyosin-related kinase receptor
type B (TrkB) and to the low-affinity neurotrophin receptor p75.17 The Trk receptor tyrosine kinase family
includes TrkA and TrkC, which are receptors for NGF and NT3, respectively. The family also includes TrkB,
which mediates the effects of BDNF and NT. Similar to BDNF, TrkB is widely expressed in the adult brain,
including the cortex, hippocampus, multiple brain stem and spinal cord nuclei. BDNF binding to TrkB
triggers autophosphorylation of the tyrosine residue in its intracellular domain, leading to ligand-induced
dimerization in each receptor, which activates several intracellular signalling pathways with various
functions. NGF is a group of proteins that have an adaptive protective response against the pathological
changes that occur during cerebral ischemia.
We aimed to study the neuroprotective potential of musk investigating the expressions of TGF-β, BDNF,
TrkB, NGF mRNAs in rat brain tissue using MCAO/R (Middle Cerebral Artery Occlusion/Reperfusion–
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MCAO/R) model.

Methods
Sample. The sample was taken from the musk deer (Moschus Moschiferus Linnaeus), which raised at the
Musk Research station of The Institute of Traditional Medicine and Technology, located in the Shar
Khooloi of Gachuurt by milking method.
The musk preparation was prepared out of dried musk, 96% ethanol, and dried coat liver in proportion of
1:5:49, respectively.
Then, by dissolving the prepared musk in carboxymethyl cellulose (CMC-Na-1%), a suspension was
prepared for the study.

Subjects. Total of 180, adult, healthy, male, weighing 180-220 g Wistar rats were brought from the
Shenjian animal breeding department of the Liáoníng province of the People’s Republic of China and
were used in the study.
During the experimental period, the rats were housed and maintained under consistent temperature (23 ±
10C) and humidity (55 ± 10%) on a 12-h light/dark cycle and food and water were provided ad libitum.

In vivo experimental cerebral ischemia/reperfusion model. Focal cerebral
Ischemia/reperfusion (IR) was induced in rats by occlusion of the MCA using the technique as described
by Longa EZ et al. (1989) except for a normal group. The experimental group’s rats were anaesthetized
under 2% Isoflurane in a mixture of N2O/O2 (7:3) throughout the surgery. Focal cerebral ischemia was
confirmed by the presence of characteristic behavioral deficits, including paralyzed forelimb flexion, torso
twist, and spontaneous circling after reperfusion. All rats failed to meet this criterion were excluded from
the study.

Treatment. The suspension that was prepared from musk was used in the study. Experimental animals
were divided into 5 groups randomly; i.e. normal (n=30), model (n=30), musk 50 mg/kg, musk 100 mg/kg
and nimodipine 10mg/kg (positive control). The medicines were given by orally after the IR in
experimental groups for 7 days.
Quantification of RNA. The mRNAs expressions level of TGF-β, BDNF, TrkB and NGF were analyzed at the
1st, 3rd and 7th days after the treatment.
The rats (each group n=8) were decapitated with cardiocentesis method, the brains were removed and
then washed with PBS and 20 mg tissue taken from the left hemisphere were frozen immediately and
stored at – 80ºC for use each times.
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Total RNA was extracted from rat brain tissue with RNAprep Pure Tissue Kit (Tiangen Biotech Co.Ltd,
Beijing, China) using specific primers (Supplemental 1) according to the manufacturer's instructions.
RNA extraction qualification was tested by gel electrophoresis as shown in Figure 1.

Statistics. Statistical difference between study groups was analyzed by Two way RM ANOVA followed by
Tukey post hoc. Statistical significance was accepted at p<0.05 in Tukey test. The study data was
expressed as mean ± standard deviation.

Results
The results of mRNA expression of BDNF
There was not revealed statistical significant difference in the mRNA expressions of BDNF between the
normal and model at the first, third and seventh experimental days (Figure 2).
Also at the first day after MCAO/R modelling on rat brain, there was not statistical significant difference
(p<0.05) between the experimental groups (musk 50mg/kg, musk 100mg/kg and nimodipine 10mg/kg).
On the other hand, there was significant statistical difference (*p<0.05) at the third and seventh days of
the treatment in the mRNA expression of rat brain’s BDNF among the groups of musk 50 mg/kg, musk
100 mg/kg and nimodipine 10mg/kg, which increased from 1.62 to 2.61.
The results of mRNA expression of TrkB
At the first, third and seventh days of the experiment, mRNA expression level of TrkB receptor was not
changed significantly (p>0.05) between the normal and model groups.
Between experimental groups there was not difference at the first day while from the third day, there was
an 1.75, 2.52 and 2.2 folded increase with statistical significance (*p<0.05) of mRNA expression level of
TrkB receptor in the groups of musk 50mg/kg, musk 100 mg/kg and nimodipine 10mg/kg, respectively.
At the seventh day of the experiment, there was 2.0-2.79 folded increase with statistical significance
(*p<0.05) in the mRNA expression of TrkB receptor in the groups of musk 50mg/kg and musk 100 mg/kg
in comparison with the model group (Fig 3).
When comparing the nimodipine 10 mg/kg group with musk 100 mg/kg, mRNA expression level of TrkB
receptor was 1.28 times lower with statistical significance (∆p<0.05) than the musk group at the seventh
day.
The results of mRNA expression of NGF
We analyzed mRNA expression level of NGF which increases nerve cell growth, at the first, third and
seventh days after the MCAO/R modeling by RT-qPCR. There was no difference noticed (p>0.05) in the
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mRNA expression of brain cells’ NGF between normal and model groups at the three time points (Figure
4).
Between experimental groups, there was no significant difference at the 1st day.
When comparing musk 50mg/kg and the model group, brain NGF’s mRNA expression were increased by
1.98 times and 2.34 times with statistical significance (*p<0.05) at the 3rd and 7th days, respectively.
Moreover, musk 100 mg/kg dose treatment increased the level of brain NGF’s mRNA expression by 2.21
times and 2.84 times with statistical significant difference (*p<0.05) at the 3rd and 7th days, respectively.
When comparing the group of nimodipine 10mg/kg with model group, brain NGF’s mRNA expression was
increased by 1.8-2.3 times with statistical significance (*p<0.05) at the 3rd and 7th days, respectively.
And comparing the groups of musk 50 mg/kg, musk 100 mg/kg and nimodipine 10mg/kg there was no
difference at the first and third days. But, musk 100 mg/kg group’s mRNA expression of brain NGF was
higher than the group of nimodipine 10mg/kg with the statistical significance (∆p<0.05) at the 7th day.
The results of mRNA expression of TGF-β
mRNA expression level of TGF-β was analyzed by RT-qPCR from rat brain tissue, among the study
groups. There was not change (p>0.05) in the TGF-β mRNA expression between normal and model
groups’ at the 1st, 3rd and 7th days (Figure 5).
Between experimental groups there was no difference in TGF-β’s mRNA expression at the 1st day. Then at
the third day of the experiment, comparing the groups of musk 50 mg/kg, musk 100 mg/kg and
nimodipine 10 mg/kg with the model group, there was a significant 1.56-2.17 folded increase of the TGFβ’s RNA expression, comparing the model group with the experimental medicine groups.
At the 7th day of the study, when comparing the groups of musk 50 mg/kg and musk 100 mg/kg with
model group, the brain TGF- β mRNA expression increased by 2.38-3.36 times significantly (*p<0.05).
Also, when comparing the groups of musk 100 mg/kg and nimodipine 10 mg/kg, mRNA expression of
brain TGF- β increased by 1.71 times significantly (∆p<0.05), at 7th day of the study.
Conceiving occlusion reperfusion ischemic stroke in rat brain, it was treated by musk suspension with
different doses and compared the results with normal, model and between medicine groups.
Then we obtained results that rat brain BDNF, NGF, TrkB and TGF- β receptors mRNA expression level
were increased with statistical significant difference at the third and seventh days of the study.

Discussions
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There is an assumption that cerebrovascular disease, especially the stroke will become the second most
leading cause of death by 2030.18
Therefore, treatment and prevention of stroke has become one of the vital issue not only in medical
science but also in socio-economic sector. Our study findings demonstrate that the musk is effective
during ischemic-reperfusion model in way of fostering nerve cell growth factors.
Ischemic-reperfusion model was created by Longa EZ (1989) method19 on rat brain and neuroprotective
effect of 10% musk suspension was evaluated on rat brain cells mRNA expression level of BDNF, TrkB,
NGF and TGF-β proteins by Real-time reversed transcription polymerase chain reaction (RT-qPCR)
method.
BDNF protein connects with TrkB receptor in a unique way and also binding with р75 receptor by low
affinity. 17,20
TrkB has the function to protect brain cells, via activating following three ferments; MARK, PI3K, PLCγ and
triggers the three signal transduction. 21-23
NGF is a neurotrophic cluster protein, which has neuro cells protection reaction, during brain ischemic.
NGF has nerve cells protection effect, through connecting with TrkA receptor in a unique way.24
When comparing the groups of musk 50 mg/kg and musk 100 mg/kg with model group, the mRNA
expression of BDNF and NGF increased.
The results show that oral administration of musk 50 mg/kg and 100 mg/kg, BDNF-TrkB’s neuro cells
signal transduction and mRNA expression of NGF are improved, which further explains that musk has
effect of nerve cells protection, anti-inflammation, against apoptosis, which supports nerve cells’ survival
and preventing nerve poisoning.
Moreover, our study results prove that the above function of the musk has the most efficient effect in the
third and seventh day of the treatment.
Specially, in the group of musk 100 mg/kg, BDNF-TrkB and NGF are increased by 1-2 times, comparing to
the group of musk 50 mg/kg. This explains that we need to do more detailed study on musk dose.
The research studies of Kowianski P and Miao JT (2018), shows that BDNF has important function in
rehabilitation of nerve function and sustaining neuron structure.11,25
There is a similar result of study on Shinjian Tonshuan pill for reducing thrombosis, obstructing
aggregation, improving brain blood circulation, which has the ingredients of musk, saffron, and ginseng
etc. in the Chinese traditional medicine.26
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Researchers Khaidav Ts (2000) Injection of musk 25-100 мг/кг and muscone 0.02-0.5 мг/кг into mice
visceral cavity and administration of musk 200 мг/кг and muscone 5 мг/кг orally to rat, it shows the
reaction of shortening the duration of sleeping period, which triggered by phenobarbital, in both cases.
However, high dose of musk (100-1000 мг/кг) lengthened the duration of sleeping period, which triggered
by phenobarbital. This explains that the musk has two directions effect in central nervous system. In
other words, less dose of musk has refreshing effect, contrary high dose of musk has retarding effect on
CNS.26
By contemporary, Sampilnorov pill has been investigated and revealed that the has nerve cells protection
function, during IR in rat model, by improving interrelated NTFs (Neurotrophic factors) such as BDNF
(brain derived neurotrophic factor), NGF (nerve growth factor), GDNF (glial cell-derived neurotrophic
factor), bFGF (Basic fibroblast growth factor- basic fibrablast growth factor), TGF-β (transforming growth
factor β) and PDGF (platelet-derived growth factor – thrombosis related growth factor). Also, the
Sampilnorov pill medicine has the effects of increasing IGF-1 (Insulin-like growth factor 1), reducing
cerebral infarction, raising a volume of Nogo-A etc. in the occlusion reperfusion ischemic stroke
modelling rats.27-31
Researchers Jiang T et.al. (2016) studied muscone effects as nasal nebulizer on IR model. The study
results showed that the brain tissue’s BDNF and NGF rate has reduced in control group, while in the group
of rats which had treatment of muscone, brain swelling declined and BDNF, NGF rate has increased.
Moreover, it proves the similar results with our research study that the muscone has increased the BDNF
and NGF exertion.32
The effect of the results of our study on the increase of neuroprotective factors in the brains of animals in
experimental musk can be considered in connection with its main active ingredient, muscone. This is
because the following studies have shown that musculature penetrates the blood-brain barrier.
Researchers such as Chen WK (2004) injected musk into a rat's tail vein and chromatographed the
amount of musk contained in the brain and other organs, revealing high levels in the brain, suggesting
that musk penetrates the blood-brain barrier.33 In his research, Wang GY (2015) concluded that muscone
reduced the ability of P-gp efflux and inhibited the MMP-9 on the decomposition of the basal lamina of
the blood-brain barrier. Muscone can alter the permeability of BBB model in vitro, which is related to
reduce the expression of P-gp and MMP-9.34
Investigating the musk effects in protecting nerve cells from apoptosis in cerebral ischemia/reperfusion
model of rat, the results have provided great opportunity to use musk in stroke treatment.

Conclusion
We conclude this study, reported that musk of musk deer at 50mg/kg and 100 mg/kg doses increased the
BDNF, NGF, TGF-β neuroprotection factors and RNA expression of the TrkB rreceptor, which indicates that
the Mongolian musk has the beneficial effect to support the neurogenesis of brain cells. This protective
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effect may have related to the reduction of oxidative stress, inhibition of NO production and antiinflammation.
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Figures

Figure 1
RNA gel electrophoresis Note: At the 1st, 3rd and 7th days of the experiment 150 voltage electricity
transmitted in the 1.3% agarose gel and TBA buffer solution environment for 15 min and 28s pRNA, 18s
pRNA is separated by standard D2000 RNA in comparison with Fusion FX ultra-ray. cDNA was created
out of 50 ng of total RNA using FastQuant RT Kit with gDNAse (Tiangen Biotech Co.Ltd, Beijing, China) as
per protocol. Real-time quantitative reverse transcription–PCR was performed using the SuperReal PreMix
Plus (SYBR Green No.FP205) (Tiangen Biotech Co.Ltd, China) and specific primers.
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Figure 2
The effect of musk in the mRNA expression of rat brain’s BDNF Note: *p<0.05 vs model; Two-way RM
ANOVA post hoc Tukey
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Figure 3
Effect of musk in mRNA expression of brain TrkB receptor Note: *p<0.05 vs model group; Two-way RM
ANOVA post hoc Tukey
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Figure 4
Effect of musk in mRNA expression of brain NGF Note: *p<0.05 vs model group; Two-way RM ANOVA
post hoc Tukey
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Figure 5
Effect of musk in mRNA expression of brain TGF-β Note: *p<0.05 vs model group; Two-way RM ANOVA
post hoc Tukey
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