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Introduction
Multiple sclerosis (MS) is a chronic 
inflammatory demyelinating disease 
of the central nervous system (CNS) 
characterized by recurrent and 
progressive demyelination/remyelination 
cycles, resulting in the development 
of  scleroses in both the white and gray 
matter of the CNS, axonal damage, 
neuroinflammation, and neuronal 
loss .[1] Demyelination is accompanied 
by depletion of oligodendrocyte 
precursor cells, loss of mature 
oligodendrocytes, astrogliosis, and 
infiltration of macrophages/microglia 
and T lymphocytes.[2] Although MS 
was first described in the 18th century, 
the development of efficacious therapy 
has always being a challenge. This is 
perhaps because the exact etiopathological 
mechanism underlying MS has remained 
elusive. Cuprizone (CPZ) is a copper 
chelating agent and is frequently used to 
study factors that affect oligodendrocytes 
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Abstract
Background: Ferula asafoetida is introduced as a valuable remedy for hysteria and some other 
nervous disorders in Iranian traditional medicine. Asafoetida is an oleo‑gum‑resin obtained from 
the exudates of the roots of the Ferula asafoetida. Previous studies have shown that this oleo 
gum resin has antioxidant, anti‑apoptosis, and differentiation properties in the nervous system. 
The aim of this study was to evaluate the effect of asafoetida on the death of oligodendrocytes 
and demyelination in male C57BL/6 mice in cuprizone (CPZ)‑induced animal model of multiple 
sclerosis. Methods: Demyelination was induced by oral administration of rats with the 0.2% CPZ 
that was added to the usual diet for 8 weeks. Animals intraperitoneally received daily asafoetida at 
doses of 25 or 50 mg/kg of bodyweight simultaneously.   At the end of the weeks, animal brains were 
removed and fixed to histological studies using Luxol fast blue staining. Asafoetida was screened for 
its antioxidant activity using 2, 2‑diphenyl‑1‑picrylhydrazyl free radical scavenging assay and for 
its inhibitory activity against lipid peroxidation catalyzed by soybean lipoxygenase. Results: The 
results of this study showed that asafoetida significantly decreased infiltration rate in both groups 
of asafoetida 25 and 50 mg/kg, respectively (P < 0.01). Histological evaluations showed the lower 
demyelination in LFB in the group treated with asafoetida. Conclusions: The results of this study 
showed that asafoetida plays a neuro protective role in CPZ models of multiple sclerosis by reducing 
neuronal demyelination and oligodendrocytes death.
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death and myelin loss.[3] The CPZ model 
of demyelination is characterized by 
apoptotic death of mature oligodendrocytes 
and is accompanied by neuroinflammation 
and motor dysfunction.[4] Mice show 
progressive demyelination when they 
are kept on a 0.2% cuprizone diet, with 
a peak in demyelination observed after 
5 weeks of CPZ.[5] In the recent years, 
the tendency to herbal medicine has been 
increased and people have recognized and 
used of many cultivated or wild plants and 
its products have less toxic effects than 
synthetic drugs and are a good source for 
novel therapeutic agents.[6] Plants of the 
genus Ferula belongs to the family of 
Apiaceae include about 130 species that 
distributed throughout central Asia and 
Mediterranean area.[7] Ferula asafoetida 
L. is one the species that wildly grows 
in the central area of Iran and important 
part of this plant and several other 
species of Ferula is an oleo gum resin 
(asafoetida) yielded from incisions in the 
stem and/or roots of these plants.[8] In 
Iranian folk medicine, asafoetida is used 
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as an anticonvulsant[7] as well as it is chewed as an 
antiepileptic in Morocco.[8] In Ayurveda, asafoetida is 
introduced as a valuable remedy for hysteria and nervous 
disorders.[9] In Afghanistan, hot water extract of the dried 
gum is also taken orally for hysteria. Nepalese use it as a 
sedative and a diuretic agent.[10] In Iranian folk medicine, 
asafoetida is used as an anticonvulsant agent as well as 
it is chewed as an antiepileptic in Morocco.[11] Recent 
pharmacological and biological studies have also shown 
several pharmacological activities such as antioxidant,[12] 
antileishmanial,[13] cancer chemopreventive,[14] 
anticonvulsant[15] anti‑diabetic,[16] antispasmodic,[17] 
hypotensive,[18] and antinociceptive.[19]Asafoetida consists 
of three main fractions, including resin (40–64%), 
gum (25%), and essential oil (10–17%). The resin 
fraction contains ferulic acid and its esters, coumarins, 
sesquiterpene coumarins, and other terpenoids.[20] The 
gum includes glucose, galactose, l‑arabinose, rhamnose, 
glucuronic acid, polysaccharides, and glycoproteins, 
and the volatile fraction contains sulfur‑containing 
compounds, monoterpenes, and other volatile terpenoids. 
Although some interesting results have been obtained 
from their potential therapeutic usefulness of asafoetida 
on neural disorders, there is no study evaluating the 
neuroprotective effect against demyelination of this herb 
have been reported yet. In this work, preventive effect of 
asafoetida was evaluated on demyelination induced by 
administration of cuprizone in male C57BL/6 mice.

Methods
Animals

Twenty male C57BL/6 mice (7 weeks old, five mice in 
each group) were purchased from the animal house of 
Ahvaz University of M  edical S  ciences. Animals were 
divided into four groups and there were five mice in each 
group. The first group (normal control group)  received 
standard rodent chow without CPZ, the second group 
(CPZ control group) received 0.2% CPZ diet, the third 
group received 0.2% CPZ + asafoetida  25 mg/kg i.p., 
and the fourth group received 0.2% CPZ + 50 mg/kg i.p. 
simultaneously for 8 weeks. At the end of 42‑day 
extract exposure, the animals were sacrificed by cervical 
dislocation under ether anesthesia, and brains were 
removed and fixed to histological studies using Luxol fast 
blue (LFB) staining. The animal studies were performed 
within the guidelines set by the Shahid Sadoughi 
University of Medical Sciences.

Preparation of plant oleo‑gum resin

Ferula assafoetida oleo‑gum‑resin was collected from 
Tabas region (Yazd province, Iran) during the summer, 
and the plant species was botanically identified by 
Dr. Abbas Zarezadeh in Yazd Agricultural Research Center. 
The dried powder of asafoetida was soaked in distilled 
water overnight at room temperature, and the yielded 

suspension was used intraperitoneally. Concentrations 
and dosages of the suspension were expressed as a crude 
amount of the dried oleo‑gum‑resin used in preparing the 
stock solution.[21]

Histopathological assessment

To evaluate histopathological assessment, the right 
corpus callosum of all sacrificed  mice was removed 
and immediately fixed in neutral 10% formalin and then 
embedded in paraffin and was sectioned (5–6 µm).Then 
sections were examined for cellular infiltration and density 
of myelin with LFB. The stained sections were examined 
by Olympus light microscopy (Olympus, Japan). Infiltration 
leucocytes rate in the neural tissue of the different groups 
assessed: (0 = No infiltration, 1 = Low infiltration, 
2 = Medium infiltration, and 3 = High Infiltration). The 
cell numbers were counted in a blind manner under a light 
microscope using a 100× magnification of 12 sections 
examined per animal and at least 25–30 fields, and the 
mean score was calculated.[22]

Quantification of myelination by measuring the density 
of LFB staining. Photomicrographs (200×) were 
taken of12 sections of each animal. The extent of 
demyelination was measured using the Micrometrics SE 
Premium 4, and in each image, the ratio of the extent of 
the demyelination region to the total area of the target 
area was measured.[23]

Lipoxygenase inhibition activity of asafoetida

The soybean 15‑lipoxygenase was used to test the 15‑lox 
inhibitory activity of asafoetida. For this purpose, 50 mL 
of extract solution was added to test solution containing: 
3 ml of phosphate buffer (0.1 M, pH = 8), 50 mL enzyme 
solution (final concentration: 167 U/ml) to achieve the 
enzyme inhibition between 20 and 80%. After 4 min 
incubation of test solution, the substrate (Linoleic acid, 
final concentration: 134 mM) was added and the change 
in absorbance was measured for 60 s at 234 nm. The 
IC50 value was calculated graphically using the slopes of 
absorbance curves. The enzyme solution was kept in ice and 
tested at intervals to ensure that the enzyme activity was 
constant. All experiments were performed by UV/Vis Unico 
Double Beam Spectrophotometer at 25 ºC in triplicate.[24]

Antioxidant activity assay of asafoetida

The antioxidant activity of asafoetida was 
evaluated spectrophotometrically following the 
diphenyl‑1‑picrylhydrazy (DPPH) method. Asafoetida was 
evaluated at 100 mg/L, by mixing 0.75 mL with 1.5 mL 
of a freshly prepared DPPH solution (20 mg/L); then, 
the sample was mixed thoroughly and kept in the dark 
for 30 min, at room temperature. After that, each mixture 
was tested for the DPPH radical‑scavenging activity by 
reading the absorbance at 517 nm on a spectrophotometer. 
As blank was used, a solution prepared by mixing 
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0.75 mL of ultra‑pure water with 1.5 mL of the DPPH 
solution (20 mg/L) and reading at the same wavelength. 
The antioxidant activity percentage was calculated 
following the formula:

Antioxidant activity (%) = [(A Control ‑ A Extract)/A 
Control] × 100

Where A Control is the absorbance of a DPPH solution 
without extract, A Extract is the absorbance of the tested 
extract, which is equal to the absorbance of the plant 
extract and the DPPH (20 mg/L) minus the blank extract 
absorbance. The samples were run in triplicate and the 
mean value of three of them was recorded.[24]

Statistical analysis

Statistical data were assessed with one‑way ANOVA, 
followed by post hoc Tukey test using Graph pad prism 
version 5. Results were expressed as mean ± standard 
error (S.E.M). A value of P < 0.05 was considered significant.

Results
Histopathological findings

We found a massive  leukocyte infiltration into the brain 
sections in the MS control group [Figures 1 and 2]. 
Myelination and demyelination were measured by the 
density of LFB staining. In the MS group, we observed a 
considerable reduction in LFB staining as compared to a 
normal control group. Moderate demyelination was observed 
in the  treatment groups (asafoetida 25 and 50 mg/kg) 
compared to the MS group indicated that remyelination in 
the treatment groups. A reduction in the oligodendrocytes 
was also observed in the MS group. There was a 
significant reduction of the myelin density in the MS 
group (MS group 17.71 ± 0.2 versus control 93.17 ± 0.2, 
P < 0.01). An increase in the density of the myelin was 
seen in treatment group asafoetida 25 (88.08 ± 0.2) and 
asafoetida 50 mg/kg (86.12 ± 0.1), P < 0.05 [Figure 3].

Lipoxygenase inhibitory and radical scavenging activity

The LOX activity of asafoetida was measured as an 
increase in the absorbance at 234 nm, which reflects the 
formation of hydroperoxylinoleic acid. The IC50 asafoetida 
highest inhibitory effect obtained 23 µg/ml. Our results 
also showed that the IC50 of antioxidant activity of the 
asafoetida was 109 µg/ml [Table 1].

Discussion
The CPZ‑induced model of demyelination has been 
extensively used to study the process of remyelination 
and has provided invaluable information regarding the 
effectiveness of interventions. CPZ is a white powder 
that is soluble slightly in water by forming a complex 
with two copper ions, generate Cu‑CPZ complex to 
reduce free Cu.[25] Therefore, enzymes (e.g., superoxide 
dismutase‑1) use copper as cofactor cannot work properly 
because of the fact that CPZ will reduce the amount 
of free Cu.[26] Consequently, it results in reversible 
demyelination and oligodendrocyte apoptosis during 
CPZ consumption that these changes are apparent in the 
corpus callosum.[27] Traditional usages and some recent 
findings suggested that Ferula asafoetida can exert some 
effects on the function of the nervous system particularly 

Figure 1: Leucocytes infiltration in different groups. There was a significant 
increase in the infiltrated leucocytes in the MS group versus normal control 
and treatment groups. ** Statistically significant at P < 0.01

Table 1: Antioxidant and lipoxygenase inhibitory 
activities of asafoetida

DPPH (IC50) Lipoxygenase Inhibition (IC50)
109 µg/ml 23 mg/mL

Figure 2: Luxol fast blue staining on tissue sections from different groups. 
(a) normal control group, showed normal blue staining of LFB. (b) MS group, 
blue color of LFB was significantly reduced, which indicated a high amount 
of demyelination in this group. (c and d) treatment groups, demyelination 
is considerably lower than the MS group. Myelin density is shown by a 
straight line, myelin loss is shown by arrowhead, and oligodendrocytes 
are shown by an arrow. (Magnification 200×)
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in neuro protective and nerve stimulating effects.[8] Ferula 
asafoetida extracts treatment on glutamate‑induced cell 
damaged in primary culture of rat cerebellar granule 
neurons was investigated by Tayeboon et al.[28] Neuro 
protective effects of extracts of Ferula asafoetida against 
glutamate‑induced neurotoxicity confirmed by an increased 
glutamate‑induced reduction in cellular viability and 
attenuated glutamate‑induced apoptotic/necrotic cell death. 
The extract exerted antiapoptotic activity in cerebellar 
granule neurons owing to cell cycle arrest in G0G1 
phase, which explains the beneficial effects of Ferula 
asafoetida extract as therapies for neurologic disorders. 
In vitro studies were carried out by Moghadam et al. to 
identify the response of isolated sciatic nerves to various 
concentrations of asafoetida solved in Lock’s solution.[29] 
In vivo studies were also conducted to evaluate its effect 
on amelioration of peripheral neuropathy in mice.[30] 
These experiments indicated that incubating the nerves in 
aqueous extract of the asafoetida increased the amplitude 
and decreased the latent period of nerve compound action 
potential. The ability of asafoetida to facilitate the healing 
process in peripheral nerves is also confirmed by the 
histological and behavioral studies. In vitro experiments 
showed that asafoetida is a nerve stimulant and its 
management in neuropathic mice exerted neuroprotection 
effects through stimulating axonal regeneration and 
remyelination and decrement of lymphocyte infiltration.[30] 
Other components that exist in asafoetida are hinesol and 
mmbelliferone with anti‑inflammatory and anti‑coagulative 
effects.[8] Besides, ferulic acid is one of the most bioactive 
coumarins of asafoetida with variety of known actions 
such as anti‑coagulatory, vasodilatory, and antioxidative 
effects.[8] The results of HPLC analysis also showed 
that there was a high concentration of ferulic acid 
and umbelliferone in ashke asafoetida. It was reported 
recently by Lee et al. that ferulic acid improves peripheral 
nerve regeneration by the induction of Schwann cell 

proliferation.[31] They also found that the NCV of injured 
rat sciatic nerves improved after ferulic acid treatment. 
These data support the point that asafoetida can be at least 
effective on treatment of neuropathy because of its ferulic 
acid. However, arachidonic acid cascade is suggested to 
become activated during demyelination.[32] Asafoetida 
is full of sulfurous compounds and surviving effect of 
polysulfide compounds on neurons derived from mouse 
embryo were reported previously.[33] Sulfur‑containing 
nutraceuticals, having neuro protective effects, may 
exert some direct antioxidative effects; their principal 
mode of neuro protection is through activation of 
endogenous antioxidant systems, including gene targets 
of the Nrf2/ARE transcription factor pathway.[34] In 
addition, some other components such as sesquiterpene 
coumarins, sodium ferulate, and ferulic acid are also neuro 
protective.[29] Ferulic acid could improve the survival 
rate of neurons through inhibiting ICAM‑1 mRNA 
expression.[35] The sesquiterpene coumarins such as fukane 
furomarin B, E, F, and G could suppress No production.[36] 
We found a massive leucocyte infiltration into the brain 
sections in the MS control group [Figures 1 and 2b]. In 
the MS group, we observed a considerable reduction in 
LFB staining as compared to the normal control group. 
Moderate demyelination was observed in the treatment 
group (asafoetida 25 and 50 mg/kg) compared to MS group 
indicated that remyelination happened in the treatment 
groups. According to the histological assays, we found 
that asafoetida treatment increased the axonal regeneration 
and remyelination, and conversely reduced the rate of 
lymphocyte infiltration in the neuropathic tissue. We 
proposed that asafoetida could reverse the damage to the 
nerves by using some multiple actions: anti coagulating 
and muscle‑relaxing effects by increasing blood flow, 
neuro protecting, and nerve stimulating effects through 
increasing nerve growth, anti‑oxidative, and anti‑apoptotic 
factors by prevention of cell death, and anti‑inflammatory 
effect by reducing the acute immune responses within 
the injured tissue. Different mechanisms seem to impact 
on this activity such as radical scavenging activity of 
sulfur‑containing compounds, lipoxygenase inhibition by 
umbelliprenin and its derivatives, increase in the activity 
of endogenous antioxidants, and decrease in oxidative 
parameters. The LOX activity was measured as an 
increase in the absorbance at 234 nm, which reflects the 
formation of hydroperoxylinoleic acid. The IC50 asafoetida 
highest inhibitory effect obtained 23 µg/ml. In this work, 
our results also showed that the IC50 of the antioxidant 
activity of asafoetida was 109 µg/ml. Increased expression 
of 5‑lipoxygenase (5‑LO) in lesions and of 5‑LO‑derived 
leukotriene (LT) products in the cerebrospinal fluid have 
been reported in patients with MS.[1] These data suggest 
that the 5‑LO pathway is involved in microglial activation 
and neuroinflammation independently of the demyelination 
process.

Figure 3: The myelin density in different groups. There was a significant 
decrease in the myelin density in MS group versus normal control and 
treatment groups. **Statistically significant at P<0.01
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Conclusions
In summary, our results present the first evidence protective 
effect asafoetida on CPZ‑induced demyelination and 
lipoxygenase inhibitory activity as demonstrated by in vivo 
male C57BL/6 mice. More detailed molecular mechanisms, 
for instance, genomic and proteomic responses underlying 
the asafoetida remain to be elucidated. Besides, further 
investigation is needed to determine the clinical efficacy 
and safety of asafoetida in human subjects with MS.
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