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Raj et al.: Evaluation of Withania somnifera in Treating Multiple Sclerosis

To evaluate the effect of hydroalcoholic extract of Withania somnifera on cuprizone induced multiple 
sclerosis models on Swiss albino mice. Multiple sclerosis was induced in mice by using cuprizone as the 
inducing agent which caused demyelination of neuron and ultimately death of nerve cells. Glatiramer 
acetate was used as the standard drug and extract was used as the study drug. Neuronal damage was 
assessed by in vivo parameters (assessment of learning and memory, locomotor activity, motor coordination 
and assessment of sensation). The study showed that orally administered extract had ameliorative 
effect on cuprizone induced oxidative and neurodegenerative stress. From the findings it is evident that 
extract enhanced the learning, memory, motor coordination and sensory perception in demyelinated 
mice. Treatment with Withania somnifera prevents the neuronal death, causes remyelination of damaged 
neurons and also enhanced the sensory perception in mice.
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Multiple Sclerosis (MS) is the commonest non-
traumatic disabling disease to affect young adults[1]. 
There is increasing incidence and prevalence of MS 
in both developed and developing countries[2], the 
underlying cause of which remains uncertain. MS 
is a complex disease; many genes modestly increase 
disease susceptibility in addition to several important 
environmental factors, in particular vitamin D or 
Ultraviolet B (UVB) light exposure, Epstein-Barr 
Virus (EBV) infection, obesity and smoking[3]. MS 
has historically been classified as an organ specific 
T-cell mediated autoimmune disease. However, 
the success of B-cell targeted therapies challenges 
the standard T-cell autoimmune dogma[4]. It is 
traditionally viewed as a two-stage disease, with early 
inflammation responsible for relapsing-remitting 
disease and delayed neurodegeneration causing non-
relapsing progression, i.e., secondary and primary 
progressive MS[5,6]. The emergence of increasingly 
effective biological therapies and an active approach 
to treating MS, in particular treating to a target of 
No Evident Disease Activity (NEDA), are changing 
the long-term outcome for people with MS (pwMS). 
More aggressive Immune Reconstitution Therapies 
(IRTs), that result in a proportion of pwMS entering 

long-term remission, offer a small number of pwMS 
a potential cure[7]. Recent positive trials of Disease-
Modifying Therapies (DMTs) in progressive MS 
offer those with more advanced MS the hope of 
slowing their disease progression, with preservation 
of residual function[8]. The fact that treatments appear 
to work at multiple stages in the disease course 
significantly challenges the traditional 2-stage view 
of the natural history of MS[9].

MATERIALS AND METHODS

Collection and authentication of plant material: 

The roots of Withania somnifera (W. somnifera) 
were collected randomly from local sources, 
Tirunelveli district, Tamilnadu. The plant material 
was taxonomically identified and authenticated by 
Siddha Central Research Institute, Arumbakkam, 
Chennai-600106.
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Hydroalcoholic extraction:

The collected roots were washed with running water 
and air dried in shade at room temperature. The dried 
roots were powdered by means of mechanical grinder as 
coarse powder and the resulting dried plant material is 
extracted with ethanol and water at ratio of 70:30 using 
Soxhlet apparatus for 12 h. The extract was collected 
and allowed to concentrate to obtain solid mass. After 
concentration, the dried extract was scraped, collected 
and the percentage yield of extract were calculated. 
Extract was stored at 4° until use for further analysis.

Experimental animals:

The female Swiss albino mice which weighed at (20-
25) g, (6-8) w old were used for experiments. The 
animals were procured from Mass Biotech Pvt. Ltd., 
Chennai and then housed in C. L. Baid Metha College 
of Pharmacy, Thoraipakkam, Chennai. 

Preliminary phytochemical analysis:

The Hydroalcoholic Extract of W. somnifera (HEWS) 
roots was subjected to preliminary phytochemical 
screening to identify the presence or absence of 
important phytoconstituents.

Grouping:

Animals were numbered and randomly divided into 
5 equal groups using Microsoft excel randomisation; 
each group consists of 6 mice (n=6) as follows and 
placed into respective cages. 

Group I has control (untreated); group-II has Cuprizone 
(CPZ) model group 200 mg/kg (post operation (p.o.)) 
(negative control); group-III has CPZ 200 mg/kg 
(p.o)+glatiramer acetate 100 mcg/kg (subcutaneous 
(s.c)) (standard); group-IV has CPZ 200 mg/kg 
(p.o)+HEWS 200 mg/kg (p.o) (low dose) and group-V 
has CPZ 200 mg/kg (p.o)+HEWS 400 mg/kg (p.o) 
(high dose). The study is an open trial with no allocation 
concealment or blinding. 

Experimental design:

To induce MS, Swiss albino mice at (6-8) w of age were 
given CPZ through oral route. CPZ was suspended in 
0.5 % Methyl Cellulose (MC) in water and given by oral 
gavage at a daily dose of 200 mg/kg body weight. Stock 
solution of 0.5 % MC was prepared weekly and stored at 
4°. CPZ and MC suspension were freshly prepared and 
administered daily. CPZ did not react chemically with 
MC and was just present in the suspension mixture. The 

control group received only 1 % MC without CPZ by 
oral gavage. The cortex of all mice except control group 
was completely demyelinated after 5 w of CPZ feeding. 
CPZ treatment allows the study of demyelination[10]. 

Assessment of learning and memory:

Morris water maze: The Morris water maze method 
was performed to evaluate spatial working and 
reference memory. The experimental apparatus consists 
of a circular tank (120 cm in diameter, 45 cm in height). 
An invisible platform (15 cm in diameter, 35 cm height) 
was placed 1.5 cm below the surface of the water. Water 
was kept opaque by dissolving small quantity of milk 
at a temperature of 21°-23°. The pool was located in 
a test room and many cues external to the maze were 
visible from the pool, which could be used by the 
mice for spatial orientation. The position of the cues 
was kept constant through the task. The training trials 
were carried out. The platform is located in a constant 
position throughout the test period in the middle of one 
quadrant, equidistant from the centre and edge of the 
pool. In each training session, the latency to escape 
to the hidden platform was recorded. On the day of 
experiment, the platform was removed and the animals 
were tested for its memory where the time spent by 
each animal in target quadrant searching for the hidden 
platform is noted as an index of retrieval. The escape 
latency was measured in each group on 7, 14 and 21 d 
following the study drug administration[11].

Y-maze test: This working is not based on spontaneous 
exploration and alteration between arms-water nor food 
restrictions were required. Three identical arms were 
mounted symmetrically on an equilateral triangular 
centre. Y-shaped maze with three opaque arms spaced 
120° apart. Large Y-maze-three 40×8×15 cm arms 
and small Y-maze-two 15.24×7.62×12.7 cm arms, one 
20.32×7.62×12.7 cm arm. The percentage alterations 
were measured in each group during a test period of 5 
min. Trial sessions were conducted and the values were 
measured on 7, 14 and 21 d following the administration 
of study drug[12].

Assessment of locomotor activity:

Actophotometer: Locomotor activity (horizontal 
activity) was measured using actophotometer 
orchid scientific model, actophotometer operates on 
photoelectric cells connected with a counter. When 
a beam of light falling on the photocell is cut off by 
the animal, a count is recorded and displayed digitally. 
Each mouse was placed individually in the activity 
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cage floor for 10 min and the locomotion count was 
observed from the digital reading displayed in the 
actophotometer. Trial sessions were conducted and the 
values were measured on 7, 14 and 21 d following the 
administration of study drug[13].

Assessment of motor co-ordination:

Rotarod activity: Motor coordination and balance 
was assessed using a rotarod apparatus. In total, four 
training trials per day with an interval trial time of 1 
h were performed. Mice falling off during a training 
trial were put back on the rotating rod. Following the 
training days, 1 d test of three trials was performed 
using two speed levels (10 and 20 revolutions per 
minute (rpm)) mode of the apparatus over 5 min. Mice 
are placed individually in separate lanes on rod rotating 
at 5 rpm such that animals may walk forward to keep 
balance. The rotating rod is allowed to rotate at 10 rpm 
and mice from each group were placed individually 
on the rod and the fall off time was recorded for each 
mouse. Similar procedure was followed by increasing 
the speed to 20 rpm. The readings were taken on 7, 14 
and 21 d after the administration of study drug[14].

Assessment of sensation:

Test for touch sense (modified method): Mice of 6 
w of age were selected first and tested for touch sense 
using glass rod. Glass rod is rolled on the tail of the mice 
and the time taken to react (turning of the head) is noted. 
Minimum time taken must be 1 s-2 s. Such animals are 
selected and grouped. The grouped animals are further 
used for the study. Then the test drug is administrated 
and the reaction time is noted. The readings were taken 
on 7, 14 and 21 d after the administration of study drug. 

Buried food test[15]: The buried food test measures how 
quickly an overnight-fasted animals can find a small 
piece of familiar palatable food, such as cookies, cereal, 
chocolate chips, food pellets, that is hidden underneath a 
layer of bedding. The assumption is that food-restricted 
mice which fail to use odour cues to locate the food 
within a 15 min period are likely to have deficits in 
olfactory abilities. Mice at the age of 6 w were chosen. 
Plastic cages of 46 cm length×23.5 cm width×20 cm 
height, or similar are used. Place cage bedding to create 
a 3 cm layer in each cage. For each subject, a clean 
cage is washed and dried. The test begins by placing 
a subject mouse in a clean cage containing 3 cm deep 
of clean bedding. The subject is allowed to acclimate 
to the cage for 5 min. Transfer the subject to an empty 
clean cage. In the cage containing bedding, bury the 

food stimulus approximately 1 cm beneath the surface, 
in a random corner of the cage. Smooth out the surface. 
Trials were conducted and the readings were taken on 
7, 14 and 21 d after the administration of study drug.

Statistical analysis:

Appropriate descriptive and analytical statistics were 
used. The analysis was done using Graphpad Prism 9 
software. Q-Q plot and Shapiro-Wilk test ensured normal 
distribution of data. Group III animals were compared 
with groups IV and V. The values were expressed as 
mean±Standard Error of the Mean (SEM) from all 6 
animals in each group. The difference between groups 
were determined using one-way Analysis of Variance 
(ANOVA) followed by Dunnet’s t-test after ensuring 
normal distribution, independence of observations and 
homogeneity of variance. p<0.05 was considered as 
significant. 

RESULTS AND DISCUSSION

Extraction yield including the hydroalcoholic extract of 
the roots of W. somnifera was dark brown in colour and 
was stored at 4°-8° for further use. The percentage yield 
of the extract was 5.69 % w/w.

Preliminary phytochemical study including the HEWS 
showed presence of various phytochemical constituents 
such as alkaloids, flavonoids, phenols, steroids, 
glycosides and terpenoids are shown in Table 1.

Effect of HEWS on Morris water maze including the 
group V animals showed significant decrease (p<0.001) 
in the escape latency on to the hidden platform when 
compared with group III animals. The group IV animals 
showed no significant increase in the escape latency 
when compared with group III animals as shown in fig. 
1. 

Effect of HEWS on Y-maze including the group V 
animals showed significant increase (p<0.01) in the 
percentage alterations when compared with group 
III animals, whereas group IV animals showed no 
significant increase in the percentage alterations when 
compared with group III animals as shown in fig. 2.

Effect of HEWS on actophotometer including the 
group V animals showed significant increase (p<0.001) 
in the locomotor activity when compared with group 
III animals, whereas group IV animals showed no 
significant increase in the locomotor activity when 
compared with group III animals as shown in fig. 3.
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S. No Constituents Remarks

1 Alkaloids Present

2 Tannins Absent

3 Glycosides Present

4 Saponins Absent

5 Flavanoids Present

6 Phenols Present

7 Steroids Present

8 Terpenoids Present

9 Proteins Absent

10 Carbohydrates Present

TABLE 1: PRELIMINARY PHYTOCHEMICAL SCREENING

Fig. 1: Effect of HEWS on long-term memory using Morris water maze in experimental animals
Note: ( ): Control; ( ): Negative control; ( ): Standard; ( ): Low dose and ( ): High dose

Fig. 2: Effect of HEWS on short-term memory using Y-maze in experimental animals
Note: ( ): Control; ( ): Negative control; ( ): Standard; ( ): Low dose and ( ): High dose
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induced behavioural test. Animals treated with CPZ had 
increased escape latency period which is the marker for 
the long-term memory loss and HEWS treated animals 
had decreased escape latency. Spontaneous alteration 
(Y-maze) was used to assess the short-term memory. 
The animals showed decrease in the percentage of 
alteration when treated with CPZ and an increase in 
the percentage of alteration when subsequently treated 
with HEWS.

Previous study on MS patients has linked hippocampal 
demyelination to progressive cognitive and memory 
dysfunction[17]. On treatment of experimental animals, 
HEWS has restored the long-term and short-term 
memory and it is consistent with the report that HEWS 
improve memory impairment in Swiss albino mice. 

CPZ treatment has well established effects on the 
locomotor activity and muscle coordination of 
experimental animals. Locomotor activity was assessed 
using actophotometer. The animals treated with CPZ 
showed low locomotor index and when treated with 
HEWS the locomotor index significantly increases. 
This proves that the extract has effects on the movement 
of the animals. Muscle coordination was assessed 
using rotarod apparatus. CPZ treated animals tend to 
fall quickly in the rotarod apparatus while the animals 
treated with HEWS showed significant increase in the 
fall-off time.

MS patients have sensory impairments and these are 
caused by the damage to the various sensory receptors 
in the body. CPZ also causes the damage to the olfactory 
receptors and various other sensory receptors in the 
body[10]. Animals treated with HEWS showed a gradual 
improvement in the sensation owing to the repair of 
the damaged sensory receptors. In the buried food test, 
animals treated with HEWS had lesser latency than 

Effect of HEWS on rotarod including the group V 
animals showed significant increase (p<0.01) in the 
fall-off time when compared with group III animals, 
whereas group IV animals showed slight increase in the 
fall-off time when compared with group III animals as 
shown in fig. 4.

Effect of HEWS in touch sensitivity test including the 
group V animals showed significant decrease (p<0.001) 
in the response time when compared with the group III 
animals. The group IV animals also showed significant 
decrease (p<0.05) in the response time upon comparing 
with group III as shown in fig. 5. 

Effect of HEWS in buried food test including the group 
V animals showed significant decrease (p<0.01) in 
the latency to find buried food when compared with 
group III animals. The group IV animals also showed 
significant decrease (p<0.05) in the latency to find 
buried food upon comparing with group III animals as 
shown in fig. 6.

The present study investigated the potential 
ameliorative effects of orally administered HEWS on 
CPZ-induced oxidative and neurodegenerative stress 
and accompanying memory decline. The study findings 
indicated that administration of HEWS effectively 
restored the oxidative balance and neuronal integrity 
in the cerebellum, a region crucial for both long-term 
and short-term memory in the experimental animals. 
The neurobehavioural tests done in this study revealed 
that animals treated with HEWS had decreased escape 
latency period when compared with standard group 
animals. CPZ treatment significantly depleted long and 
short-term memory in animals[16]. 

As a measure of long-term memory, animals were 
subjected to Morris water maze which is the stress 

Fig. 3: Effect of HEWS on locomotor activity using actophotometer in experimental animals
Note: ( ): Control; ( ): Negative control; ( ): Standard; ( ): Low dose and ( ): High dose
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the animals treated with CPZ alone. Our findings also 
show that the animals treated with HEWS (400 mg/kg) 
showed a significant decrease in the latency period when 
compared with the standard group. In touch sense test, 
animals treated with HEWS had lesser response time to 
touch than the CPZ treated animals. Our findings also 
show that the animals treated with HEWS (400 mg/
kg) showed a significant decrease in the response time 
when compared with the standard group.

HEWS has high neuroprotective effect and therapeutic 
potential as observed in the works done above and 
also enhance the remyelination process. It reversed 
the action of CPZ that had extensively damaged the 
neurons, destroyed the myelin sheath and induced 
demyelination.

The pathology of MS is complex including inflammation 
and neurodegeneration, which the CPZ model of 
demyelination may not fully replicate. This remains as 
a major limitation of this study. 

This study shows positive evidence that HEWS has a 
potential remyelination and neuroprotective activity. 
HEWS prevents cell death and fast regeneration 
of neuronal cells in the brain. The exact molecular 
mechanism for this phenomenon is unclear. Further 
work has to be carried out to explore the full potential 
of the study drug and its mechanism of action. Clinical 
trials in the future to ensure the relevance in clinical MS 
patients are recommended in the long run.

Fig. 4: Effect of HEWS on motor co-ordination using rotarod apparatus in experimental animals
Note: ( ): Control; ( ): Negative control; ( ): Standard; ( ): Low dose and ( ): High dose

Fig. 6: Effect of HEWS on olfactory reception using buried food test in experimental animals
Note: ( ): Control; ( ): Negative control; ( ): Standard; ( ): Low dose and ( ): High dose

Fig. 5: Effect of HEWS on sensory function using touch sensitivity test in experimental animals
Note: ( ): Control; ( ): Negative control; ( ): Standard; ( ): Low dose and ( ): High dose
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