


Pharmacological Investigation of Withania somnifera: A Neuropharmacological Study in Rats

Abstract
Withania somnifera, commonly known as Ashwagandha, is a globally utilized herbal remedy for the treatment of various neuropsychiatric disorders. Its reputation as an adaptogen has led to a surge in global usage. The growing popularity of this plant has prompted its increased scientific research into its pharmacological effects, particularly regarding its potential applications for neuropsychiatric and neurodegenerative disorders. This study aims to investigate the neurobehavioral effects and anticonvulsant properties of the ethanol extract derived from the leaves of Withania somnifera.
The neurobehavioral properties were assessed using various methods, including the locomotor activity test, hole board test, rotarod test, elevated plus maze (EPM), and forced swim test. We conducted convulsion tests using picrotoxin and strychnine to investigate the anticonvulsant effects of Withania somnifera. Our results showed that the extract (400-1600 mg/kg) significantly increased head dips and locomotion activities (P<0.05) without impairing motor coordination. We found that the extract protected mice against picrotoxin-induced convulsions in a dose-related manner, but it did not affect strychnine-induced convulsions. This study demonstrates that the ethanol extract of Withania somnifera leaves exhibits anxiolytic effects without inducing neuromuscular side effects, highlighting its potential therapeutic value. Our findings provide partial support for the traditional use of this extract in treating central nervous system disorders.
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1. INTRODUCTION
The belief in traditional medicine has led to the use of plants such as Withania somnifera (L.) Dunal . This plant has been used in Ayurveda for centuries to promote overall well-being (Rivera et al., 2014; Heinrich et al., 2020). Clinical evidence has supported this traditional use, leading to the commercialization of products such as dried powder capsules and alcohol derivatives, which are now available as dietary supplements in the market. This invitation encourages exploration of the efficacy of W. somnifera (Ashwagandha) in addressing challenging ailments, including cancer chemoprevention. Ayurvedic herb Ashwagandha (Withania somnifera), commonly known in India as winter cherry or ginseng, belongs to the Solanaceae family and has been used in India for thousands of years due to its many health benefits. Traditionally known as "ashwagandha," the name is derived from the Sanskrit terms "ashva," meaning "horse," and "gandha," meaning "smell." This reflects the root's aroma, which is reminiscent of a horse. The species name "somnifera" highlights its essential role in promoting sleep and relieving stress. The plant is an upright, greyish evergreen shrub that features long tuberous roots, short stems, and oblong, petiolate leaves. It produces greenish, bisexual flowers that grow in the axils of its leaves. The countered the amyloid-induced reductions in length and number of spine, highlighting the protective effects of W. somnifera in Alzheimer's disease (Dar and Ahmad, 2020).
The root of the plant demonstrated potential for treating various cancers diseases, including colon, liver, breast, and pancreatic cancers (Najar et al., 2018).
The root of the plant also used to prevent aging, alleviate anxiety, increase the production of vital fluids, including semen, cells, blood, and lymph, treat various health issues, and nourish different parts of the body (Singh et al., 2020).
The anti-inflammatory property of the extracts from the seeds of Withania somnifera was reported (Balkrishna et al., 2020). The growing popularity of this plant has prompted its increased scientific research into its pharmacological effects, particularly regarding its potential applications for neuropsychiatric and neurodegenerative disorders. This study aims to Investigate the neuropharmacological profile of Withania somnifera

2. MATERIALS AND METHODS
2.1 Plant Collection, Identification, and Preparation  
The leaves of Withania somnifera were collected on March 19, 2024, at the Medicinal Herbarium, Obafemi Awolowo University, Ile-Ife, Osun State, Nigeria. The plant was identified at the Department of Pharmacognosy, Faculty of Pharmacy, Obafemi Awolowo University, Ile-Ife, Nigeria, by taxonomist Mr. Ogunlowo I.I., where a voucher specimen was deposited, and the voucher (FPI 2436) number was assigned. The collected materials were allowed to air-dry in the shade for two weeks. After drying, the leaves were ground into a powder using a pestle and mortar. The powdered leaves were weighed and then extracted with absolute ethanol using cold maceration techniques. The resulting extract was evaporated to dryness using a rotary evaporator, yielding a black residue of 10.7% w/w, which was then stored in a desiccator for further use.

2.2 Animal Material
Male and female Wistar rats, weighing between 220 and 250 grams, were used in this study. They were housed in a well-ventilated room in clean plastic cages with wood shavings as bedding at the animal facility of the Department of Pharmacology and Therapeutics, Faculty of Basic Clinical Sciences, Ladoke Akintola University of Technology (LAUTECH), Ogbomoso, Oyo State, Nigeria. The animals were kept under standard conditions, with a temperature of 25°C and a 12-hour light/dark cycle. They had free access to standard animal feed produced by the animal house at LAUTECH and were provided with clean water ad libitum in hygienic conditions. Before conducting any experiments, the animals were given time to acclimate to the laboratory environment. Each experimental group in this study consisted of six rats. The investigation adhered to the guidelines for the care and use of laboratory animals published by the U.S. National Institutes of Health (NIH No. 85-23, revised 1996).
Neuropharmacological Activity: 
2.3 Effect of Withania somnifera extract on Locomotor Activity
Locomotor activity was assessed using an actophotometer and measured as horizontal activity. The rats were grouped into five groups, with six rats in each group. Groups (1 - 3) received the extract (400, 800, and 1600 mg/kg), respectively. While groups 4 and 5 received a control vehicle (normal saline, 10 ml/kg) and a standard (diazepam) at dose of 2 mg/kg, i.p. Locomotor activity was measured using an actophotometer, which consists of photoelectric cells connected to a counter. When a beam of light directed at the photocell is interrupted by the animal, a count is recorded and displayed digitally. Each rat was placed individually on the activity cage floor for 10 minutes. The animals were then placed in the actophotometer to record their activity score 60 minutes after the administration of the extract and the standard drug.
2.4 Open field test
An open field test was carried out to determine the anxiolytic action of the extract on the rat. The floor of an open field measured as 60 × 60 cm. The floor was divided into white and black squares of diameter 15 × 15 cm. The height of the open field apparatus is 60 cm. The animal was placed in the central region and the activity of all grouped animals was noted for 5 min. The number of squares crossed, time spent in the central region, and central rearing time were noted during the experiment. If the animals spend more time in the central region after taking the medication, it is considered that the extract or medication has anxiolytic properties (Doukkali et al., 2016).


2.5 Effect of Withania somnifera extract on Motor coordination (rota-rod test)
Motor coordination was evaluated using the rotarod assay. The apparatus had five partitions, each with a rotating rod (3 cm in diameter). Twenty-four hours before the experiment, rodents practiced walking on the rotarod at 20 rpm. Mice that remained on the rod for more than 3 minutes were selected. On the test day, animals received the extract (400-1600 mg/kg, intraperitoneally.), while controls received 10 ml/kg of normal saline or diazepam (1 mg/kg, i.p.), 30 minutes before testing. Each mouse was placed on a rotarod beam, facing in the opposite direction of rotation. The rod rotated at 20 rpm. When a mouse fell, it stayed in the chamber until all mice had either fallen or completed the 3-minute maximum. The time each mouse remained on the rod was recorded. After a one-minute break, mice were placed on the rod again. Each mouse underwent ten trials (Ozturk et al., 1966; Jacquez et al., 2021). The average total time spent on the rotarod was recorded. Increased time on the rod indicated improved motor coordination and learning. 

2.6 Effect of Withania somnifera extract on Holeboard test
The holeboard apparatus was used to evaluate anxiety in rats. The apparatus consisted of a 30 cm × 30 cm × 20 cm wooden box, featuring 16 evenly spaced holes (3 cm in diameter) on the floor. We positioned the hole board at a height of 20 cm. The behavioural test was performed 60 minutes after pretreatment with the extract of WS (400, 800, 1600 mg/kg, given orally), control vehicle (10 ml/kg), and Diazepam at a dose of 1 mg/kg, administered intraperitoneally. The number of head dips and the corresponding percentages were recorded and calculated during the 5-minute period (Donaire et al., 2020). An increase in the head dip response indicates a positive anxiolytic-like effect (File and Pellow, 1985).

2.7 Assessment of Antidepressant Activity in Rats Using Forced Swim Test 
Rats were grouped into five groups, with each consisting of 6 rats. The groups (1-3) received the extract (400 - 1600 mg/kg). Groups 4 and 5 received a control vehicle (normal saline, 10 ml/kg) and standard drug imipramine (15 mg/kg, p.o), respectively. The forced swim test has been the most commonly used pharmacological model to assess antidepressant activity (Cryan et al., 2002). The onset of immobility in rodents, when placed in an inescapable water-filled cylinder, indicates a cessation of their ongoing escape-driven behavior. The setup consisted of a transparent cylinder with a height of 50 cm and a width of 30 cm. The Cylinder was filled with water to a depth of 30 cm at room temperature. In the pre-test, rats are placed in a cylinder for 15 minutes, 24 hours prior to a 5-minute swim test. Extracts and standard doses were administered 1 hour prior to the swim test. The duration of immobility was recorded during a 5-minute swimming test; a rat was considered immobile when it floated upright, making small movements to keep its head above water. Increased active responses, such as climbing or swimming, and a reduction in immobility are behavioural profiles consistent with antidepressant-like action (Porsolt et al., 1977).

 2.8 Effect of Withania somnifera extract on Picrotoxin-Induced Seizure Model
This experiment followed a procedure previously described (Turski et al., 1989; Kukuia et al., 2016). Picrotoxin (3 mg/kg, i.p.) was administered to induce seizures by injection (n = 7). WS (400-1600 mg/kg, p.o.) or diazepam (1 mg/kg, i.p.) or normal saline (10 mL kg−1p.o.) was administered 1 hr after oral or 30 min after i.p. administration before induction of seizures. After the injection of picrotoxin, the animals were placed separately into a transparent Plexiglas testing chamber, and the latency to and duration of clonic-tonic seizures were observed through video recordings. The latency and duration of Tonic Clonic seizure and the percentage mortality were recorded

2.9.  Effect of Withania somnifera extract on Strychnine-Induced Seizure Test
The experimental model used was as described previously (Kukuia et al., 2016; Paul 2021). Briefly, strychnine seizures were induced in rats by the injection of strychnine nitrate (0.5 mg/kg i.p.)(Becker, 2018). 1 h after administration of the extract (400-1600 mg/kg, p.o.) or 30 min after diazepam (1.0 mg/kg, i.p.) administration. The duration and latency to myoclonic jerks were recorded for the extract-treated groups and the diazepam group compared to the saline-treated animals (control).

3.0 Statistical analyses
Results of parametric tests were expressed in terms of mean±SEM. In the assays involving
comparison of more than two means, one-way ANOVA was used, followed by the Student
Newman-Keuls test when statistical difference was detected among the groups. P-values less
than 0.05 were considered statistically significant
4.0 RESULTS
4.1 Effect of Withania somnifera extract on Locomotor Activity
Table 1 showed a statistically significant decrease in locomotor activity at the highest dose of 1600 mg/kg; there was significant decrease in frequency of line crossing and decrease in urination but no significant changes in frequency of defecation. Table 2 demonstrates a statistically significant increase in head dip, particularly at a dosage of 1600 mg/kg, when compared to the control group. Similarly, the group treated with Diazepam, a standard anxiolytic drug, also demonstrated a significant increase in exploratory activity, indicating its anxiolytic effects.
In the rotarod experiment, there was no statistically significant increase in the number of falls within 5 minutes after treatment with the ethanol extract of Withania somnifera. This suggests that the extract does not possess muscle relaxant properties. In contrast, the groups treated with Diazepam exhibited an increase in the number of falls compared to the control group (see Table 3). The groups treated with the extract demonstrated a significant anticonvulsant effect in this model. The administration of WS at doses ranging from 400 to 1600 mg/kg resulted in a marked dose-dependent delay in the onset of clonic convulsions (p < 0.05) and tonic convulsions in rat. The extract significantly reduced the duration of clonic (p < 0.05) and tonic (p < 0.05) convulsions, as shown in Table 4. Diazepam (1.0 mg/kg), a reference anticonvulsant, exhibited similar effects to the extract by increasing the latencies before clonic and tonic convulsions, while also decreasing the duration of the convulsions. 
Table 5 demonstrated no significant effect in the extract-treated group that received strychnine. However, Diazepam (a standard drug) revealed a significant inhibition against strychnine-induced convulsions with 40 percent protection.

Table 1: Effects of ELEFD on Anxiety-like Behaviours in Mice using Open Field Test
	Treatments           Doses (mg/kg)       FLC**       FR**        FCC**        FU**            FD**

	Control                        0                   61.0±7.3      5.3±0.7     1.8±0.5       0.7±0.1       1.3±0.1
Diazepam                    1                   67.3±7.9      7.9±1.3     1.1±0.3       0.6±0.1       1.6±0.5
ELEFD                    400                   89.3±9.5      19.7±3.1   4.5±0.5       0.3±0.1       2.9±0.7
ELEFD                    800                   31.3±8.3      15.7±1.2   3.2±0.3       0.2±0.5       2.1±0.3
ELEFD                  1600                   23.4±7.3      4.1±0.6     0.7±1.5       0.1±0.2       2.6±1.4


**Values are recorded as means±SEM (n=5).
*Values are statistically significant (p<0.05) in relation to control. One way ANOVA follow
by Newman-Keuls Multiple Comparison tests.
Frequency of line crossing (FLC); frequency of rearing (FR); frequency of center crossing (FCC); frequency of urination (FU); frequency of defaecation (FD).
Table 2: Effect of WS on anxiety-induced in rats using holeboard apparatus.
	Treatments                                     Doses (mg/kg)                                Number of head dip**

	Control                                             0                                            34.8±1.02
WS                                                 400                                          31.1±1.35
WS                                                 800                                          47.5±0.37*
WS                                                1600                                         53.3±2.17*
Standard (diazepam)                      1                                              59.5±0.19*


**Values are mean ± SEM (n=5).
*Values are statistically significant (P<0.05) compared with control using one-way ANOVA followed by Dunnett’s post-hoc test.

Table 3: Effect of WS on muscle relaxant activity in rats using rotarod apparatus.
	Treatments                           Doses (mg/kg)                               Number of falls in 5 minutes**

	Control                                         0                                             9.7±0.32
WS                                               400                                          9.1±0.17
WS                                               800                                          8.5±0.23
WS                                              1600                                         8.9±0.31
Standard (diazepam)                       1                                          18.7±0.13*


**Values are mean ± SEM (n=5).
*Values are statistically significant (P<0.05) compared with control using one-way ANOVA followed by Dunnett’s post-hoc test.

Table 4: Effect of WS on Picrotoxin-induced convulsion
	Treatments   Doses(mg/kg)
	Latency of convulsion(s)**     Duration of convulsion(s)**
	% Mortality

	
	Clonic                      Tonic              Clonic                  Tonic
	

	Control                    0              201.4±7.16       295.63±5.72       217.56±4.12     27.10±0.07             100
WS                       400             254.7±5.12       302.16±5.36       159.42±3.42     13.05±0.14               80
WS                       800             335.6±5.53       621.75±7.76        71.63±1.73        9.21±0.05               40
WS                     1600            413.8±7.15        903.21±9.39        23.41±0.62        5.36±0.03               40
Diazepam              1               607.5±9.52        913.53±11.14        3.14±0.17        1.27±0.01                0


**Values are mean ± SEM (n=5).
*Values are statistically significant (P<0.05) compared with control using one-way ANOVA followed by Dunnett’s post-hoc test.

Table 5: Effect of WS on Strychnine-induced convulsion 
	Treatments   Doses(mg/kg)
	Latency of convulsion(s)**     Duration of convulsion(s)**
	% Mortality

	
	Clonic                      Tonic              Clonic                  Tonic
	

	Control                    0              321.5±7.12       287.3±7.07      237.35±7.01      28.10±0.07            100
WS                       400             307.1±7.35       302.2±6.12      227.02±7.15      27.32±1.21            100
WS                       800             319.4±0727      312.1±5.35      231.59±6.07      27.01±2.09            100
WS                     1600             343.4±5.92       297.4±6.37      296.71±6.12      26.73±1.02            100
Diazepam              1               701.3±11.05      675.2±8.57      107.50±5.73      19.63±1.32            100


**Values are mean ± SEM (n=5).
*Values are statistically significant (P<0.05) compared with control using one-way ANOVA followed by Dunnett’s post-hoc test.


5.0 DISCUSSION
The present study examined the neuropharmacological effects of ethanolic leaf extract of Withania somnifera on the central nervous system (CNS) in mice, using a range of experimental models. Currently, anticonvulsant medications can manage seizures, but they do not offer a cure and are often accompanied by intolerable side effects. The quest for innovative treatments for epilepsy has highlighted the potential of medicinal plants as a rich source of novel therapies. Anxiety disorders, characterized by fear and frequently accompanied by depression, are a significant neurological health concern (Fedotova et al., 2017). Despite the availability of anxiolytic medications, these treatments can have undesirable side effects, such as sedation. This study aimed to investigate the effects of Withania somnifera  on the central nervous system in mice, with a particular focus on its anxiolytic, anticonvulsant, and motor coordination effects.

The open field test was employed to evaluate the sedative and anxiolytic effects of Withania somnifera by monitoring the spontaneous locomotor and exploratory behaviors of mice. This test exploits the natural tension between the mice's desire to explore a new arena and their fear of entering the central area of an unfamiliar open field, providing a valuable index of anxiolytic activity.
The introduction of animals to a novel environment can lead to anxiety and emotional distress, manifesting as altered behavior. Anxious animals tend to exhibit reduced locomotion, immobility, and a preference for the peripheral areas of the enclosure. Furthermore, exploratory behavior, such as rearing, is decreased in anxious animals. In contrast, increased movement is a sign of CNS excitability, whereas decreased movement indicates CNS depression, resulting in sedation and calmness. The results of this study showed that WS (1600 mg/kg), like diazepam, decreased the number of line crossings, suggesting a decrease in the mice's exploratory behavior and locomotor activity. This decrease in locomotor activity implies that WS may have sedative and CNS depressant effects. This finding is consistent with the known effects of diazepam and other benzodiazepines, which suppress exploratory activities due to their sedative properties (Chen et al., 2019). Since locomotor activity is an indicator of alertness, a decrease in this activity suggests a sedative effect. Anxiety can also be characterized by increased autonomic activity, resulting in heightened defecation and urination (Choleris et al., 2001). On the other hand, reduced defecation and urination, along with increased locomotion, may be indicative of anxiolytic activity. In this study, all treatment groups demonstrated a significant reduction in urination streaks compared to the control group. This finding confirms the anxiolytic effect of the plant, as anxious animals tend to urinate more frequently. Nevertheless, the reliability of defecation as an anxiety measure has been disputed (Choleris et al., 2001), and our results suggest that decreased in defecation may not be a trustworthy indicator of anxiolytic effects. Meanwhile, this study revealed no significant decrease in defaecation.
The hole board test is an established model for evaluating anxiety in animals, where increased head-dipping behavior is a common indicator of anxiolytic-like behavior (Crawley, 1985; Takeda et al., 1998). Our results demonstrated that WS significantly enhanced head-dipping behavior dose-dependently, corroborating the anxiolytic-like effect observed as reported above and providing additional support for the extract's anxiolytic effect
The rotarod test, a classical animal model, assesses peripheral neuromuscular blockade and motor coordination (Dunham and Miya, 1957). Motor coordination deficits can affect behavioral test performance. Our study found that WS, unlike diazepam (1 mg/kg), did not significantly impair motor coordination. This result indicates that WS's effects are centrally mediated, rather than resulting from neuromuscular blockade (Perez et al., 1998; Amos et al., 2001). Furthermore, WS extract exhibited anxiolytic effects without inducing neuromuscular side effects, highlighting its potential therapeutic value.
The glycine receptor regulates strong inhibitory neurotransmission in the mature central nervous system (Shadek et al., 2017; Sheardown et al., 1989), making it a potential target for antiepileptic drugs (Wang et al., 2001). Strychnine induces seizures by blocking strychnine-sensitive glycine receptors, resulting in increased postsynaptic excitability and sustained action potentials in the brainstem and spinal cord (Oslen, 1981; Saggam et al., 2020). Since the extract did not significantly affect the frequency or duration of strychnine-induced convulsions, it is possible that the extract does not interact with glycine receptors or related pathways. 
Picrotoxin acts as a GABAA receptor antagonist (Nicoll, 2001), causing convulsions by blocking the chloride ion channel associated with this receptor. This channel typically opens to allow increased chloride ion influx into brain cells upon activation of the GABAA receptor by gamma-aminobutyric acid (Macdermott et al., 1999; Veliskek, 2006; Kumar, 2006). GABAergic ionotropic receptors can mediate both pre-and postsynaptic inhibition. GABA-mediated presynaptic inhibition often results in decreased neurotransmitter release from the excitatory pathway (Kendall et al., 1981). The extract, which is effective in the picrotoxin-induced seizure test, indicates an action on GABA-mediated neurotransmission. Previous studies have shown that anticonvulsant agents are effective not because they prevent convulsions, but due to their ability to extend the time before seizures occur (Kendall et al., 1981). Additionally, compounds that only delay the onset of convulsions can inhibit the spread of seizures in an epileptic brain.

CONCLUSION
The findings from this study indicate that the ethanol extract of Withania somnifera leaves has central nervous system (CNS) depressant and anticonvulsant properties. These effects may be mediated by enhancing the central inhibitory mechanisms that involve the release of γ-aminobutyric acid (GABA). The results provide partial support for the traditional use of this extract in treating central nervous system disorders.
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