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Abstract
Allium cepa L (A.cepa; onion) is a traditional nutraceutical and medicinal plant that contains phenolics and flavonoids that 
have potential anti-inflammatory, anti-cholesterol, anticancer, and antioxidant properties. Quercetin is a plant-derived flavonoid 
found in fruits, vegetables, leaves and grains. It also has antioxidant, anti-inflammatory and antidepressant effects. The present 
study is aimed to investigate the anti-stress and nootropic effects of A.cepa bulb and quercetin in mice. Animals were divided 
into control and 2 test groups. Control mice were received drinking water while test groups were treated with suspension of 
grinded onion bulb in water (200 mg/kg; test group 1) and intraperitoneal injection of quercetin dissolved in ethanol (20mg/kg/
ml; test group 2) daily for 14 days. Behavioral activities of animals were monitored 14 days post administration of A.cepa and 
quercetin. Antidepressant effects were measured by forced swimming test (FST). Anxiolytic effects were monitored by using light 
dark activity (LDA) test and elevated plus maze (EPM) test and memory functions were assessed by morris water maze (MWM) 
test. Results showed that both A.cepa bulb and quercetin increased time spent in light box and open arm of LDA and EPM, 
exhibited anxiolytic effect than control group. A significant increase in immobility time was observed in FST in test groups than 
control suggesting antidepressant like effects. Moreover, nootropic effect were assessed by MWM showed significant increased 
in latency escape while observing short and long term memory for both test groups than control. It is suggested that both A.cepa 
and quercetin have anti-stress and nootropic effects. 

Keywords: Allium cepa, Quercetin, Depression, Anxiety, Memory 
function

Introduction
A person can incident a number of emotionally affecting stresses in 
daily life including acute stress such as exposure to noise, crowd, or 
public appearance to chronic stress like persistent financial dilemma, 
ongoing work stress, or aloneness. Many studies have reported stress 
as a predisposing and precipitating factor of deficits [1,2]. On the 
other hand, it is generally accepted that stressful events are very well 
remembered [3,4]. Studies with short term exposure to stress have 
been shown to facilitate learning and memory performance both in 
animals and humans [5-7]. This increase in memory performance has 
been ascribed to hormones (such as; corticotropin releasing factor, 
adrenocorticotropic hormone, corticosteroid) and neurotransmitters 
(such as; serotonin) released under stress condition. The activated 

sympathetic nervous system and hypothalamic-pituitary-adrenal 
(HPA) axis cause a deluge of arousal that is thought to result in 
memory association following the exposure of stress condition [8].

Stress is one of the most important causative factors in the stimulation of 
intracellular pathways leading to the increased free radical generation. 
The oxidative stress resulting from increased intracellular reactive 
oxygen species, such as superoxide, hydrogen peroxide, and hydroxyl 
radicals, disturbs homeostasis within the neurons and can lead to 
cell death [9]. Many studies have shown that restraint stress induces 
increased lipid peroxidation and increased or decreased antioxidant 
enzyme activities in different brain regions of rodents depending on 
the severity and duration of immobilization stress protocol [6,10-12]. 
The central nervous system has traditionally been considered as a 
target site for free radical damage because brain contains abundant 
lipid content and consumes high amount of oxygen [13].
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The psychological deficits associated with stressful events may 
be alleviated using therapeutic strategies involving medicinal and 
dietary phyto-antioxidants. One such neutraceutical is Allium 
cepa (A.cepa; onion) which is widely cultivated in number of 
Asian countries. A.cepa, a bulbous plant of genus Allium has 
potential to reduce the risk of various chronic diseases, such as 
cardiovascular, cancer, asthma, diabetes, stress etc [14,15]. Shri 
and Bora reported significant neuroprotective potential of A.cepa 
in ischaemia reperfusion injury induced in mice [16]. Most of 
these pharmacotherapeutic effects of A.cepa have been attributed 
to the presence of various phytoconstituents such as flavonoids, 
organonosulphur compounds and anthocyanins [17-21].

Quercetin (3,5,7,3’,4’-pentahydroxyflavone) is a flavonoid that 
possesses free radical scavenging properties found in a number 
of plant-based foods, including red onions, tea, apples, capers, 
broccoli, parsley, lovage, berries, and red grapes [22,23]. Quercetin 
has beneficial effects on human health for its broad pharmacological 
properties, such as anti-inflammation, antidepressant and 
antioxidation and can protect from oxidative injury by its ability to 
modulate intracellular signals and promote cellular survival [24-26]. 
Quercetin has been reported to improve motor coordination and 
anxiety, decrease the proliferation of microglia and increase the 
number of astrocytes in lesion core in a 3-nitropropionic acid-induced 
rat model of Huntington’s disease [27]. In addition, quercetin has 
been shown to protect against amyloid-β-induced oxidative damage 
in animal models of Alzheimer’s disease [28]. Furthermore, it has 
been reported that quercetin has protective effects against cerebral 
ischemic injuries [29,30].

The present study is aimed to evaluate the anti-stress and nootropic 
effects of A.cepa bulb suspension at dosage (200 mg/kg) and 
quercetin (20 mg/kg) in male mice. This dose and duration was 
selected because antioxidant property of A.cepa and quercetin has 
been documented previously [25,31].

Material and Methods
Thirty male Albino Wistar mice weighing 20 ± 2 g purchased from 
University of Lahore, Lahore, Pakistan were used in the study. The 
animals were housed individually to avoid social interaction effect 
under a 12 h light-dark cycle (light on at 6:00 h) and controlled 
room temperature (22 ± 2 °C) with free access to cubes of standard 
rodent diet [A control diet (4.47 kcal/g) containing 25% fat, 50% 
carbohydrate, and 25% protein] and tap water. Before starting 
experimental work, animals were subjected to 1 week of acclimation 
period and to various handling procedures in order to reduce the 
stress of novelty and handling [32]. All experiments were approved 
by Animal Resource Facility, University of Lahore, Lahore-
Pakistan, and Institutional Ethical Committee and performed in 
strict accordance with National Institute of Health Guide for Care and 
Use of Laboratory Animals (Publication No. 85-23, revised 1985).

Drug Preparation
Fresh red onion were dried in shed and then grinded and used as 
suspension in water at a dose of 200 mg/kg. Quercetin (20 mg/
kg) dissolved in water and administered to experimental animals. 
Quercetin was purchased from Sigma Aldrich (U.S).

Treatment Schedule
Animals were randomly divided into three groups (n=10) and 
treated for 14 days respectively: (1) Control group (water treated) 

(2) A.cepa (treated with watery suspension of A.cepa (200mg/kg)) 
(3) Quercetin (20 mg/kg; intraperitoneally). Animals were treated 
with their respective treatment daily for 2 weeks from 0900 to 1300 
h. At the end of treatment animals were subjected to behavioral 
analysis. Elevated plus maze (EPM) test and light dark activity 
(LDA) test were performed to measure anxiety. Forced swimming 
test was performed to determine depression. Morris water maze test 
was conducted to assess cognitive abilities. All experiments were 
carried out between 0900 and1600 h.
 
Behavioral Analysis
Morris Water Maze (MWM) Test 
Morris Water Maze (MWM) test was performed to examine the 
effects on spatial memory. Spatial memory was determined by 
noting the latency time (time in seconds taken by the rats to reach a 
non-visible platform). It is a circular pool of water with a diameter 
of 45 cm, height of 37 cm, and depth of 12 cm. The pool is a metal 
cylinder painted white on the inner surface. The escape platform is 
also made of metal cylinder with flat metallic top having a surface 
diameter of 8 cm, and it is placed 2 cm below the surface of water 
during water maze training. The pool is filled with water (23±2 °C) 
which was made opaque with milk in order to obscure the platform 
to allow proficient tracking of the swim paths of the rats [33]. In our 
experiment, we have assessed learning acquisition, the reference 
(long-term) memory and working (short-term) memory in terms 
of latency to locate the escape platform. The test is based on two 
phases: the training phase and the test phase. Memory functions of 
rats were tested by noting down the retention latency. The cut off 
time was 2 min for each session. Initially, the training session was 
performed during which each rat was placed into the water in such 
a way that their face was towards the wall of the tank. Each animal 
was given 120 s to find and mount onto the hidden platform by using 
distal extra maze cues. Cues must be visible and useful to rats. They 
must be far enough to require the rat to use spatial analysis, rather 
than association, to solve the task. If the rat located the platform 
it was allowed to stay on it for 10 s. Time on the platform must be 
sufficient for them to feel the location and to see the exact position. 
If it failed to locate the platform during the allocated time, then it 
was guided gently onto the platform. The test consisted of three 
trials: training, STM (short-term memory) and LTM (long-term 
memory). After training of animals learning acquisition was tested 
immediately by noting the initial latency (IL; the time taken by each 
rat to relocate the hidden platform immediately after training). STM 
was assessed 60 min after training session, and LTM was measured 
after 24 h of training [34].

Light-Dark Activity (LDA) Test
The test was conducted in a locally-made compartment box [35]. 
The compartment of equal size (26x26x26 cm), with an access 
(12x12 cm) between the compartments, differed in their sensory 
properties. Walls of on compartment were light (transparent) and 
other dark (Black). A rat placed in this box expected to pass more 
time in the dark compartment. To determine the activity a rat was 
introduced via the dark compartment of the box. Time spent in the 
light compartment was monitored for a cut off time of 5 minutes.

Elevated Plus Maze (EPM) Test
Anxiety was assessed by EPM according to the method as described 
by Naqvi, et al. [36]. The apparatus used in the present study 
was consisted of two closed arms and two open arm s with same 
dimensions (50 × 10 cm). Close arms were enclosed by 40 cm high 
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walls. The arms were connected with a central square (10 × 10 cm) 
to give the apparatus a plus sign appearance. The maze was elevated 
60 cm above the floor. To monitor the activity, rats were individually 
placed in the central square facing an enclosed arm and the time 
spent in open arm was recorded for 5 minutes.

Forced Swimming Test (FST)
The FST apparatus comprised of a glass tank with 56 cm height 
and 30 cm width, which contained water at the height of 22 cm and 
temperature of 25 °C. In this glass tank animals were individually 
forced to swim for 5 min. The height of water was selected so that 
animal was prevented from touching the bottom of the glass tank and 
also to prevent its escape from the glass tank. The FST is commonly 
used as standard pharmacological model for evaluating depression 
like symptoms in rats [37]. When the rats are placed in an inescapable 
chamber which is filled with water then the development of the state 
of immobility reflects the cessation of persistent escape directed 
behavior. In this test animal’s swimming behavior was monitored 
which can be defined as movement throughout the swim chamber 
(glass tank). The immobility time was monitored. The animal is 
considered immobile when it makes no further attempts to escape 
and only tries to keep its head above the water.

Statistical Analysis
The results are presented as mean ± SD for ten animals in each 
group. Data on MWM, LDA, EPM and FST was analyzed by one-
way (ANOVA). Post hoc analysis was performed by Tukey’s test. 
P values < 0.05 were taken as significant.

Results
Figure 1 shows immobility time in force swimming test in animals 
treated with A.cepa and quercetin. Data analyzed by one-way 
ANOVA showed significant (F2,27=6.00 P<0.05) difference between 
control and test (A.cepa and quercetin) groups. Tukey’s test showed 
that immobility time was decreased in both A.cepa and quercetin 
treated animals than water treated control animals.

Figure 1: Immobility time in force swimming test in animals 
treated with A.cepa and quercetin. Values are mean + S.D. (n=10). 
Significant differences by Tukey’s test: *P<0.05 from control 
animals following One way ANOVA

Figure 2 shows time spent in light compartment in light dark activity 
box in animals treated with A.cepa, and quercetin. Data analyzed by 
one-way ANOVA showed significant (F2,27=35.55 P<0.05) difference 
between control and test (A.cepa and quercetin) groups. Tukey’s 
test showed that entries in light box were increased in both A.cepa 

and quercetin treated animals than control.

Figure 2: Time spent in light box in animals treated with A.cepa and 
quercetin. Values are mean + S.D. (n=10). Significant differences 
by Tukey’s test: *P<0.05 from control animals following One way 
ANOVA

Figure 3 shows the time spent in the open arm of elevated plus maze 
in animals treated with A.cepa and quercetin. Data analyzed by one-
way ANOVA showed significant (F2,27=31.83 P<0.05) difference 
between control and test (A.cepa and quercetin) groups. Tukey’s test 
showed that time spent in open arm was increased in both A.cepa 
and quercetin treated animals than control.

Figure 3: Time spent in open arm in animals treated with A.cepa and 
quercetin. Values are mean + S.D. (n=10). Significant differences 
by Tukey’s test: *P<0.05 from control animals following One way 
ANOVA

Figure 4 shows MWM activity in vehicle, A.cepa and quercetin. 
The MWM activity is expressed as time to find the hidden platform 
performed immediately after training (acquisition, Figure 4a), after 1 
h (short term memory, Figure 4b) and after 24 h (long term memory). 
Result of acquisition (training) analyzed by one way ANOVA 
exhibited a non-significant effect (F2,27=2.89 P>0.05) of both A.cepa 
and Quercetin. One way- ANOVA for short term memory showed 
significant effect (F2,27=18.309 P<0.05) of both tests. Long term 
memory was analyzed by one-way ANOVA showed significant 
effects (F2,27=50.29 P<0.05). Post hoc analysis by Tuckey’s test 
showed that pre-administration of A.cepa and quercetin enhance 
the memory and comparably decreased the time to reach to hidden 
platform in during acquisition. Whereas, in short term memory 
escape latency was significantly reduced in A.cepa and quercetin 
treated animals than control. A.cepa and quercetin also decreased 
the time to reach to hidden platform during 24 hrs time.
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Figure 4: Effect of A.cepa and quecein on memory of mice. Values 
are mean + S.D. (n=10). Significant differences by Tukey’s test: 
*P<0.05 from control animals following One way ANOVA

Quercetin

Discussion
Plants, that are the part of human diet and are often used as alternative 
medicines, provide numerous ingredients which might interact 
functionally with different organ systems in human body. Among 
these plant-derived compounds are flavonoids which recently have 
attracted interest because of their biological activities to human 
health, also because of their influence on central nervous system 
effects [38]. The influence of flavonoids on anxiety, depression, 
nociception, learning and memory processes has been reported [39-
42]. The purpose of the present study is to evaluate the anti-stress 
and nootropic effects of A.cepa and quercetin following repeated 
administration in male mice.

We employed FST to find out antidepressant like effects. The 
immobility displayed by rodents when subjected to an unavoidable 
stress such as forced swimming is thought to reflect a state of 
despair or lowered mood, which is thought to reflect depressive 
illness in humans [43]. Additionally, immobility time has been 
shown to be reduced by treatment with antidepressant drugs [44]. 
However subsequent studies has been showed that food, foodstuff 
and their active bioactive component when tested on FST, decreased 
the immobility time and produced antidepressant like effects 
[6,43,45,46]. The present study has shown that A.cepa and quercetin 
significantly reduced the immobility time in FST after repeated 
administration to rats at a dosage of 200 mg/kg and 20mg/kg of 
body weight respectively for 14 days (Figure 1). One of the major 
functional ingredients in A.cepa is flavonoids, especially quercetin 
glycosides [47]. Several studies have proposed an antidepressant-like 

effect of such quercetin glycosides as hyperoside, isoquercitrin and 
rutin from the results of FST studies [48-50]. Additionally, quercetin 
glycosides are mostly hydrolyzed into their aglycons by mucosal 
and bacterial enzymes in the intestines, and are then converted 
to conjugated metabolites during the absorption process. This 
conversion during absorption may indicate that the active metabolites 
responsible for the antidepressant- like effect of quercetin glycosides 
are the conjugated forms rather than the glycosides themselves [51]. 
Moreover, quercetin metabolites have recently been found in the 
brain tissues of rodents after their oral administration [52]. These 
facts strongly suggest that the quercetin glycosides in onion at least 
partly contributed to the antidepressant-like effect of onion.
 
FST has been reported to induce such behavioral and physiological 
effects as activation of the HPA axis and an increase in the plasma 
corticosterone levels [53,54]. Pretreating rat with the antidepressant 
drugs, desipramine and imipramine, which significantly reduced 
immobility in FST and attenuated the FST-associated elevation of 
the blood corticosterone levels [44,54]. Although in the present 
study we did not estimate the plasma corticosterone levels but the 
observed results validated that quercetin and other flavonoid present 
in 200mg/kg dosage of A.cepa and alone quercetin with 20mg/kg 
in the present study (Figure 1) have similar effects on FST with 
their potential antioxidant mechanism which are involved in the 
attenuation of hyperactivity of HPA-axis and produce antidepressant 
effects.
 
Exposure to the elevated plus-maze and light-dark activity test 
induces behavioral and physiological effects in rodents consistent 
with fear/anxiety [55]. Our results showed that time spent in the 
light compartment (Figure 2) and open arm (Figure 3) is equally 
increased in A.cepa and quercetin treated animals than vehicle, 
suggesting anxiolytic effects. Exposure to the elevated plus-maze 
and light-dark transition test activate the HPA-axis and increased 
the circulating levels of corticosterone [55]. Besides benzodiazepine 
derivatives, flavonoid compounds have shown anxiolytic effects in 
experimental models associated with increase in the anxiety behavior 
[56]. Recently it has been reported that methanolic extract of A.cepa 
at dosage 200mg/kg and 400 mg/kg significantly increased time 
spent in the light compartment and open arm [57]. In addition, the 
anxiolytic-like behavior of quercetin has been recently reported in 
a literature and was reported to reduce the anxiogenic-state induced 
by cadmium intoxication [58]. In fact, from the pharmacological 
targets of flavonoids involving their ability to interact with the 
GABAA receptors, key-receptors in the anxiety regulation [59,60]. It 
is suggested that both A.cepa and quercetin not only have antioxidant 
effects and attenuate the hyperactivity of HPA-axis but also interact 
with various receptors in the nervous system for anxiolytic effects.

Recently, polyphenolic compounds have received considerable 
attention since they have been shown to protect neurons against 
a variety of experimental neurodegenerative conditions including 
cognitive deficit [61]. Moreover, mice administered with quercetin 
supplements showed increased learning and memory function in 
healthy mice when compared to untreated mice [62]. However, 
quercetin (500 mg/day) administration for 12 weeks failed to exhibit 
a significant effect on neurocognitive functioning in humans, raising 
concern the clinical translation of results from in vitro and in vivo 
animal studies [63]. Quercetin enhanced the spatial memory in aged 
and ethanol intoxicated mice through it antioxidant and scavenging 
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properties [64]. Mohammadi, et al. (2014) reported that quercetin 
alleviated the deleterious effects of chronic stress on learning and 
memory in rats, improving its cognitive deficit by suppressing the 
oxidative stress and plasma corticosterone level. Recently Park, et 
al. (2015) reported that ethyl acetate fraction from A.cepa could be 
efficacious in improving cognitive function. Recently, A.cepa is 
also involved in enhancing memory deficits in animals exposed to 
aluminium chloride by inhibition of acetylcholine esterase. Figure 4 
demonstrated that both A.cepa and quercetin have nootropic effects 
by inhibition of acetylcholine esterase and hyperactivation of HPA-
Axis followed by their potential antioxidant mechanism.

Conclusion
Taking into consideration the above-mentioned findings, both 
A.cepa and quercetin acts not only as a powerful antioxidant but 
also have nootropic, antidepressant and anxiolytic properties, and 
most notably, has a close interaction with the activation of HPA-
axis, up-regulation of acetylcholine esterase, which can be one of 
the target mechanisms to protect cognitive deterioration, and stress-
like behaviors. In addition, the present study also highlights the fact 
that stressful events can be useful for daily life as it can increase 
the memory function and this ability can be more enhanced by the 
supplementation of A.cepa and quercetin [65-67].
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