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Abstract

Salvadora persica (SP) has been used as a medicinal purpose among global Muslim community. Various
phytochemical studies on SP reported the presence of saponins, flavonoids, steroids, phenols and tannins.
Flavonoids are responsible for antimicrobial, antiallergic, antioxidant, antiradial, anti-inflammatory and
antiproliferative activity. The present study was carried out to evaluate the antidepressant activity of aqueous extract
of SP on forced swimming test on male albino rats after four weeks treatment. The effect was assessed by
immobility time, body weight, vital organ weight, blood glucose, and degree of DNA fragmentation that might happen
in leukocyte due to depression. These activities were tested at dose of 900 mg/kg extracts of SP administered orally
for 28 successive days. Rats were divided into two groups (12 animals/group): control group (distilled water) and
extract group (SP aqueous extract at 900 mg/kg PO for two weeks. On day 14, animals will be further classified into
four equal groups (six animals each): Undepressed control, depressed rats, extract plus undepressed rats and
extract plus depressed for next two weeks. The samples were administered via gavage through oral route. The
weight of the animals will be measured every week. It was found that extract significantly (p<0.001) increases
mobility time in rats. It also showed significant (p<0.001) decreased in blood glucose and DNA fragmentation as
compared to depressed group. The obtained results revealed that SP extract has got significant antidepressant
activity. Hence, aqueous extract of SP may be explored further for the management of mental depression.
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Introduction
Depression can be defined as a high common disorder with

increasing lifetime rates [1].World health organization reported that
about 450 million people suffer from behavioral disorder [2] and this
percentage represent12.3% of the global load of disease, and
prophesied to rise up to 15% by 2020 [3]. Depression can be described
as a state of mood or energy level that includes lack of motivation, a
sense of hopelessness and a loss of physical energy. It is an emotional
status that can result from many parts of our life. It is often a
debilitating disease that affects a person’s work, family, sleeping and
ability to assess life. A state of constant depression may suggest a
biochemical imbalance or continual stress [4].

The common animal model of depression is Forced swimming test
(FST) because it induces a depressive-like manner to conceal
antidepressant effect of chemicals and can conclude depressive-like
behavior in rats after exposure to other stressors [5]. FST explains a
stressing situation which capable of creating a state of lower habit,
reflected in the motionlessness induced in animals. The suggested
mechanism by which stress causes its effects is via the hypothalamic–
pituitary–adrenal axis and/or via the sympathoadrenomedullary
system [6].

When free radicals are generated in extreme amounts in brain or the
enzymatic and non-enzymatic antioxidant defense systems are
ineffective, some chain reactions generating oxidative damage to lipids,

proteins and DNA are activated and neurons are impaired or even
dead [7]. Depressive condition has been accompanied to brain
oxidative stress [8].

Focusing in the usage of natural antioxidants is a new strategy for
mitigate oxidative damage. Many of the negative effects of oxidative
stress are decreased after supplementation with dietary antioxidants
[9]. There is an increasing interest in total medicinal plant extracts, the
largest value of which may be due to its constituents that subscribe to
the modulation of the oxidative balance in vivo. Additionally, the
special importance of total plant extracts is that they are easily
available products, without purification to apply them in possible
prevention of diseases [10]. Reasonably, the application of large
quantities of plant extracts is not to be recommends before evaluation
of important health issues regarding use of plant phenolics and
flavonoids in particular.

The medicinally important species of Salvadora persica L. (SP) also
known as miswak, mustard tree and toothbrush tree,distributed mainly
in tropical and sub-tropical Asia. Miswak belong to family of
Salvadoraceae and every part of the plant is used as a medicinal
purpose among global Muslim community. Various phytochemical
studies on Salvadora persica reported the presence ofalkaloids
salvadorine, flavonoids, steroids, trimethylaine andsalvadoricine.
Flavonoids are responsible for antimicrobial, antiallergic, antioxidant,
anti-inflammatory and antiproliferative activity. The leaves, roots and
stem bark contain an alkaloid trimethylamine [11]. Various ingredients
of Salvadora persica have valuable important biological properties,
including critical antibacterial and antifungal activity. But till now no
scientific works have been reported on its antidepressant activity. In
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light of above information, it is necessary to investigate and develop
more effectual antidepressants with lower adverse-effect such as
natural product extract (Salvadora persica)especially on the
biochemical changes associated with the depression in rats induced by
FST.

The mechanism of stress-induced depression is very complex and
many actually beneficial artificial chemical antidepressants have
decreasing rates of response and even acute adverse-effects [12].

Materials and methods

Plant material
The dried roots of SP extract were purchased from a local market in

Jeddah, Kingdomof Saudi Arabia, and authenticated by Herbarium,
King Abdulaziz University.

Preparation of aqueous extract
The root sticks were cut into small pieces and ground in grinding

machine to fine powder, mixed with distilled water, and extracted for
24 h at 150 rpm at 25°C in a shaker. The mixture was then centrifuged
at 3000 rpm for 20 min. The supernatants were subsequently filtered
through Whatman No. 1 filter paper and the filtrate was concentrated
in rotary evaporator (Buchi Rotavapor R-200) at 70°C and was
lyophilized. The resulting powder was packed in a glass bottle and
stored at 4°C until needed. It was dissolved in distilled water to prepare
the exact aqueous dose (900mg Kg−1 bodyweight) for orally injection
[13]. The extract obtained (20.54% yield) was prepared in distilled
water each time prior to experimentation.

Animals
Adult male rats (150-200 g) were kept under the constant

temperature (25 ± 2°C) and light. They were give available ad libitum
and tap water. Rats were randomly divided into two groups (12
animals in each group): rats received distilled water orally and served
as controls and rats received a single dose of Salvadora persica extract
(900 mg/kg PO) for two weeks (extract group). After completion of
two weeks, animals were further classified into four equal groups (six
animals each): Undepressed control group, depressed rats were daily
exposed to FST for 10 min, extract plus undepressed rats received a
single dose of Salvadora persica extract orally (900 mg /kg) and extract
plus depressed rats were daily exposed to FST for 10 min and orally
administered with plant extract at 900 mg/kg b. wt. for next two weeks.
Following FST, rats were returned to their cages and access food and
tap water freely. The weight of the animals was measured every week.
All behavioral procedures were carried out in animal models of
depression for the evaluation of antidepressant-like effects of extract in
groups of rats orally supplemented with aqueous extract following
exposure to repeated stress for two weeks.

Blood samples
At the end of the experimental period (28 days), animals were fasted

for 8 h before blood collection in order to cause no interference in the
analysis of blood glucose. Blood samples were withdrawn by end tail
vein cutting method from overnight fasted animals and blood glucose
was measured by one touch electronic glucometer ACU check.

Vital organs weights
Vital organs (brain, liver, and kidneys) were harvested from scarified

rats. They were washed with ice-cold saline solution (0.9%w/v),
blotted, and weighted. The weight of each organ was standardized to
100 g body weight of each animal.

Depression induced by FST
The FST [14] was done by immersing rats individually in a

60×50×40 cm (L×W×H) filled with water (23-25°C) from which it
could not escape out for 10 min for 7 days to cause behavioral
depression. The rats initially were swam energetically but gradually
became immobile; floating in the water with minimum movements of
paws and legs to keep their head above the water level [15]. The total
duration of immobility was recorded during the next 4 min of total 10
min test. The changes in immobility duration were studied after
administrating extract in separate groups of animals. Each animal was
used only once. All behaviors of rat in the test were recorded by video
camera (Sony-SD/DIGITAL VIDEO CAMERA).

Determination of DNA fragmentation
The DNA fragmentation level in leukocytes of both control and

depressed blood samples is determined according to Perandones et al.
[16]. Briefly, 0.1 ml buffy coat layer of blood is added to 2 ml of lysis
buffer (Tris-EDTA and Triton X-100). After 15 min on ice, the samples
were centrifuged for 20 min at 20,000 g to separate high-molecular
weight chromatin from other products. Approximately 2 ml of Tris-
EDTA buffer is added to the pellet and recentrifuged again. The
obtained supernatants from both centrifugations are added together
and diphenylamine reagent is added to part of it and to pellet of each
sample. After incubation at 37ºC overnight the optical density is
measured at 578 nm against blank. DNA fragmentation is calculated as
follow:

DNA fragmentation (%) = OD of supernatant/OD of pellet+OD of
supernatant×100

Statistical analysis
All values are expressed as mean ± SD. Statistically significance was

determined using one-way ANOVA followed by Dunnett’s comparison
test. P values less than 0.05 were considered significant.

Results

Preliminary phytochemical screening
Qualitative phytochemical tests showed the presence of different

phytochemicals in water extract of Salvadora persica such as
flavonoids, tannins and phenolic compounds as shown in Table 1.

Effect of SP on body weight and vital organ weights: Body weight
was evaluated before and after 28 days of treatment is shown in Figure
1.

Administration of SP extract did not bring significant differences in
body weights following 28 days of extract administration. Body weight
gain ranged between 41.1 and 69.6 % for the four treatment groups
(Table 2). Concerning the relative organs weight to the body weight of
rats, the results showed that force swimming test did not produce any
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significant effect on the weight of various vital organs of rats after daily
administration for 28 days (Table 3).

No. Test for Water Extract

1 Carbohydrates +

2 Saponins +

3 Flavonoids +

4 Steroids +

5 Phenols and Tannins +

Table 1: Preliminary qualitative tests of root extract of Salvadora
persica+ Presence

Figure 1: Body weight change of the rats during the
experimentation. The results are expressed as the mean ± SD for 6
animals in each group.

Parameters
Initial weight

(g)

Final weight

(g)

Body weight
gain

(%)

Groups

Control 146.6 ± 15.2 241.5 ± 3.0 65 ± 0.71

Depressed 158.8 ± 17.4 268.3 ± 5.8 69.6 ± 0.34

Treated 192.6 ± 3.6 271 ± 27 41.1 ± 0.7

SP extract 185.6 ± 5.1 264.8 ± 8.4 42.7 ± 0.57

Values are presented as mean ± standard deviations.

Table 2: Effect of oral administration of Salvadora persica aqueous
extract (900mg/ kg b.wt.) after 4 weeks on body weight and body
weight gain% against depression in rats.

Organ
weight

(% body
weight)

Control Depressed Depressed+Extract Extract

Brain 0.69 ±
0.13 0.67 ± 0.06 0.66 ± 0.05 0.64 ±

0.18

Liver 3.4 ± 1.9 3.2 ± 1.2 3.17 ± 0.69 3.17 ±0.6

Kidney 0.68 ±
0.28 0.62 ± 0.21 0.64 ± 0.06 0.61 ±

0.29

Each value represents the mean ± SD, n=6

Table 3: Effect of SP extract on relative organ weights of the rats.

Effect of SP extract on depressant behaviors in response to the FST:
We examined the antidepressant-like effects of SP extracts in the FST.
SP extract treatment in rats reduced the duration of immobility,
reducing immobility by a maximum of 32.4% when administered at a
dose of 900 mg/kg (Figure 2A). SP extracts also significantly increased
the swimming time (16.8%) without any significant change in climbing
(Figure 2B).

Figure 2: Antidepressant-like effects of treatment with SP extracts
on depressive behavior in response to the FST. Immobility (a); and
swimming (b) were recorded during FST. Columns show the means
± SD (n = 6). * p<0.05 vs. the depressed group.

Exposure to force swimming test for 28 days resulted in a
significantly increased(p˂0.001) blood glucose level in depressed rats
(Figure 3), which was significantly decreased by SP extract at a dose of
900mg/kg when compared to depressed rats.

Figure 3: Effects of SP extract (900mg/kg bw) on blood glucose level
in control and depressed rats (28 days).The results are expressed as
the mean ± SD for 6 animals in each group. P˂0.001 compared with
control.

DNA fragmentation: The current study revealed that force
swimming test resulted in a significant increase in the percentage of
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DNA fragmentation in blood leukocytes by 25.6% compared to the
control group (Figure 4). On the other hand, treatment with SP extract
decrease fragmentation to 5.7%.

Figure 4: Effects of SP extract (900mg/kg bw) on lecocyte DNA
fragmentation in control and depressed rats (28 days).The results
are expressed as the mean ± SD for 6 animals in each group.
P˂0.001 compared with control.

There was a significant elevation (p<0.001) in fragmented hepatic
DNA level by 85.55% in cold restraint stress group when compared to
the control group. Administration of extract, reduced the level of DNA
fragmentation level by 42.53% (p<0.001).

Discussion
The forced swimming test represents a valid animal model for

screening antifatigue potency of various bioactive compounds [17].
According to results of phytochemical screening and the literature, the
antidepressants like potential might be due to the presence of phenols,
glycosides and flavonoids. Flavonoids and glycosides are mostly
hydrolysed into their aglycons by mucosal and bacterial enzymes in the
intestines, and then converted to conjugated metabolites during the
absorption process [18,19]. Transportation of these metabolites into
the brain tissues via the blood brain barrier and their effect on the
central nervous system (CNS) has been recently argued [20,21].
Therefore, one of the antidepressant mechanism of SP is thought to
involve flavonoids and glycosides which reach the brain tissues
through the metabolizing process, protecting brain function from CNS
disturbance and consequently, exerting an antidepressant effect. Thus,
extracts of SP may have potential therapeutic value for the
management of depressive disorders.

Body weight gain ranged between 41.1 and 69.6% for the four
treatment groups. This result was in contrast to the results obtained by
Osman et al. [22] who reported up to 14%changes in body weight of
rats given M. oleifera extract for 21days, attributing these changes to
the rich nutrient quality of the extract.

Animal models of depression play an important role in the
screening and evaluation of antidepressants [23]. The FST is an
effective screening tool with good reliability and predictive validity
[24]the state of immobility in the FST is reported to mimic the
symptoms of depression in humans and can be reversed by treatment
with antidepressant drugs [25]. In the present study, aqueous extract of
SP produced significant antidepressant like effect in rat in Forced Swim
Test (FST). This test is quite sensitive and relatively specific to all major

classes of antidepressant drugs [26]. In FST, rats are forced to swim in
restricted space from which they cannot escape. This induces a state of
behavioral despair in animals, which is claimed to reproduce a
condition similar to human depression [27]. Our results show that SP
root extracts can decrease immobility time in forced swim test. It is
found that SP can produce antidepressant like activity at a dose of
900mg/kg body weight after 28 days of treatment. The decrease in the
immobility time is accompanied with the increase in swimming time.
The precise mechanisms by which SP extracts may produce
antidepressant like effect are not completely understood.

The results showed that the swimming time to exhaustion of
extract-treated group was significantly longer (p<0.05) than that
recorded for the control group. The maximum forced swimming times
were 172.50 ± 28.3 and 201.7714 ± 18.78 seconds for depressed and
extract groups, respectively. The shortness of the length of the
swimming time indicates the degree of fatigue [28]. The results
therefore indicated that SP extract enhanced the swimming capacity by
delaying the onset of physical fatigue in rats. Similar results have been
obtained by other workers who tested the ant fatigue potential of
various plant extract [17,29].

Stress in optimum quantum acts as stimulator to achieve the best,
but when it exceeds, it causes imbalance in some biochemical
parameters which leads to suppression in physical endurance [30].
Increased blood glucose level are reversed by antistress agents [31,32].
During stress, blood glucose and cortisol level increases [33] which are
found to be significantly reduced in SP extracts treated rats. The
regular raised blood glucose like in condition of chronic stress
depressed the cognitive functions and immune function. In this study
the SP extract (900mg/kg) showed regulatory effect on circulating
glucose significantly in depressed conditions.The antidiabetic activity
of SP may be due to the presence of phytochemicals (flavonoids,
tannins, glycosides, sterols, and saponins) [34]. Plants that contain the
active principals such as glycosides and flavonoids have antioxidant
activity and are said to possess antidiabetic effect. Besidesthis, SP also
contain several organic sulphur compounds and it is well known that
sulphur derivatives show hypoglycemic effects. In fact, many plants
containing sulphur are used traditionally as antidiabetic [35].

DNA fragmentation is very typical of the apoptotic process and its
measurement with the diphenylamine colorimetric assay is
preferentially used here to evaluate apoptosis in cells [35]. In the
present study, it was shown that such depression by force swimming
test induced apoptotic cell death including alterations in the
immobility time and blood glucose level, could be prevented by the
plant extract.

The present findings reveal that Salvadora persica extract might
contain principle(s) that possibly exert multiple actions involving
different mechanisms in exerting anti-stress effects. The results
presented here would provide basic data to examine anti-stress effects
of this plant and further in-depth studies could contribute in the
development of functional plant materials with anti-stress activities.
Currently we are carrying out investigation to understand the
mechanism of action and to identify the active components responsible
for its anti-stress properties.

Conclusion
The antidepressant like-effect of Salvadora persica extract was

tested. It improved the swimming ability of rats and blood glucose.
Further studies are needed to determine the effect of extract on chronic
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physical activity. These findings might be important in the
development of new treatment strategies and in the medical practice.
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