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Abstract

Introduction Alcohol withdrawal syndrome (AWS) involves severe neurological and
physiological disturbances resulting from abrupt cessation of chronic alcohol use.
Thymoquinone (THMQ), a bioactive constituent of Nigella sativa, possesses
antioxidant and neuroprotective properties, whereas divalproex (DVPX) enhances
GABAergic neurotransmission and reduces neuronal excitability. The present study
evaluates the individual and combined effects of THMQ and DVPX in mitigating
alcohol withdrawal-induced anxiety and craving in mice. Methodology Fourteen
groups of mice (n=6/group) were used. Alcohol dependence was induced using an
intermittent escalation model: 5% ethanol (days 1-5), 10% (days 8—12), 20% (days 15—
19), and 35% (days 22-26), with intervening ethanol-free days to provoke craving.
Treatment groups received THMQ (20 mg/kg), DVPX (30 mg/kg), or diazepam (1
mg/kg) on craving days. Behavioral assessments including the Elevated Plus Maze,
Elevated Zero Maze, and Open Field Test were conducted on days 7, 14, 21, and 28 to
evaluate anxiety-like activity and alcohol-seeking behaviour. Results Intermittent
alcohol exposure produced significant anxiety-like behaviours and increased alcohol-
seeking compared to controls (p<0.01). THMQ and DVPX treatment significantly
reduced anxiety indices in EPM and EZM, decreased locomotor hyperactivity in OFT,
and lowered withdrawal-related craving. Diazepam produced acute but short-lasting
anxiolytic effects, whereas THMQ and DVPX demonstrated sustained therapeutic
benefits during repeated withdrawal cycles. Conclusion THMQ and DVPX effectively
attenuated behavioural manifestations of AWS, including anxiety and alcohol craving.
Their prolonged protective effects suggest potential advantages over benzodiazepines

for managing repeated withdrawal episodes.

Keywords: Alcohol withdrawal, Alcohol craving, Thymoquinone, Divalproex,

Diazepam, Behavioural assessment, SK2, GluAl.
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Introduction

Introduction

Alcohol dependence remains one of the most widely encountered and persistent
forms of substance abuse across the world. It is recognized as a chronic, relapsing
disorder that generates both physical and psychological dependence, leading to
significant health and social consequences. When consumed in excess, Alcohol is not
efficiently metabolized, resulting in a range of unpleasant physical and psychological
symptoms that accompany alcohol craving. These symptoms can vary from mild
tremors to severe hallucinations, creating substantial distress for affected individuals
(Ruby B et al., 2012). Prolonged alcohol consumption disrupts the delicate
neurochemical equilibrium of the brain (Bansal & Banerjee, 2016; Saitz, 1998), and as
the brain adapts to the continuous presence of Alcohol, neurons develop
hypersynchronous activity (Tunstall et al., 2019). This produces pronounced alterations
in normal neurotransmission, ultimately pushing the brain towards dependence on

Alcohol to maintain functional stability.

A sudden decline in alcohol levels can therefore precipitate a cascade of
neurochemical disturbances, particularly affecting serotonin. Withdrawal from Alcohol
leaves the brain in a hyperexcited state, activating auto-receptors and contributing to
depressive symptoms (Haque et al.,, 2021). The underlying depression is largely
associated with hypoactivity of neurotransmitters such as serotonin (5-HT), a critical
modulator of mood (Farkhondeh et al., 2018). Stress further exacerbates these
neurotransmitter abnormalities, accelerating the development of depressive features

commonly observed in individuals with alcohol dependence (Tunstall et al., 2019).

Monitoring blood alcohol concentration (BAC) plays an essential role in
assessing the severity of dependence and guiding detoxification strategies (Hedrich &
Bullock, 2004). Chronic alcohol use also predisposes individuals to seizures and
neurotoxicity, contributing to long-term cognitive and neurological deficits (Becker &
Mulholland, 2014). These consequences highlight the complexity of alcohol
dependence and the need for therapeutic interventions that can address its multifaceted

nature.

Alcohol Dependence
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Introduction

Alcohol dependence arises from a combination of physical and psychological
addiction, resulting in significant impairment and increased mortality risk (Becker &
Mulholland, 2014). A major contributor to alcohol dependence is the imbalance
between excitatory neurotransmitters such as glutamate and inhibitory ones such as
gamma-aminobutyric acid (GABA) (Kayir & Uzbay, 2008). Under normal conditions,
these systems maintain neural homeostasis (Panula, 2020), but chronic alcohol
exposure disrupts this equilibrium, altering neurotransmitter release, receptor activity,

and neuronal signalling (Becker & Mulholland, 2014).

In addition to GABA and glutamate, several other neurotransmitters—including
dopamine, serotonin, and acetylcholine—play key roles in alcohol dependence (Hinton
et al., 2012). Understanding these interactions is crucial for establishing therapeutic

strategies for alcohol use disorders (Hirani et al., 2005).
Levels of Alcohol Withdrawal

Alcohol withdrawal manifests in progressive stages:
Level 1 — Minor withdrawal:

Mild anxiety, insomnia, headache, and nausea typically arise within 6—12 hours

of cessation (Anton, 1999).
Level 2 — Moderate withdrawal:

Hallucinations, perceptual disturbances, and elevated pulse may appear 12—48

hours after cessation (Anton, 1999).
Level 3 — Severe withdrawal:

Severe tremors, autonomic instability, seizures, and delirium tremens may

occur, sometimes becoming life-threatening in chronic drinkers (Saitz, 1998).
Neurochemical Changes During Alcohol Withdrawal

Alcohol withdrawal involves widespread disturbances in neurotransmission,

affecting serotonin, dopamine, adrenaline, acetylcholine, GABA, and glutamate (Jung
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Introduction

& Metzger, 2010). Imbalances in these systems underlie both the psychological and
physical symptoms of dependence and withdrawal (Yan et al., 2013).

Glutamate

Glutamate levels rise significantly during withdrawal, especially during intense
withdrawal cycles (Overstreet et al., 2003). This contributes to CNS hyperactivity,
anxiety, agitation, and increased seizure susceptibility (Kayir & Uzbay, 2008).

GABA

GABA is the primary inhibitory neurotransmitter (Addolorato et al., 2012).
Chronic alcohol intake downregulates the GABAergic system, causing the brain to rely
on Alcohol for inhibitory tone (Pineau et al., 2016). Withdrawal removes this
compensatory mechanism, producing marked excitability and anxiety (Pineau et al.,

2016).
Serotonin

Serotonin regulates mood and emotional responses, influencing sleep,
cognition, temperature, and autonomic regulation (Alosetron et al., n.d.; Fahmy et al.,
2020). Alcohol-induced disturbances in serotonin are linked to depression, anxiety, and

behavioural dysregulation observed during withdrawal (Belmer et al., 2018).
Serotonin Receptors and 5-HT Agonists

Serotonin receptors are divided into seven major families, each influencing
diverse behavioural and physiological responses (Belmer et al., 2018). Alterations in
these receptors can negatively impact emotional stability, behaviour, and responses to

substances of abuse (Alosetron et al., n.d.).

5-HT agonists modulate neuronal excitability and affect mood, learning, and
stress responses (Kayir & Uzbay, 2008; Aquib et al., 2014). Serotonergic imbalance
during alcohol dependence impairs cognition, increases irritability, and intensifies

withdrawal symptoms (Belmer et al., 2018).
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Pathophysiology of Alcohol Dependence

Chronic Alcohol exposure disrupts the GABAergic system through changes in
gene expression and downregulation of GABAA AA receptors (Heinz et al., 2003;
Haque et al., 2021). Abrupt cessation leads to dysregulated excitatory—inhibitory
signalling, contributing to withdrawal hyperexcitability. Additionally, chronic alcohol
intake alters NMDA receptor activity, exacerbating CNS overstimulation during
withdrawal (Shieh & Yang, 2020). Serotonergic receptor dysfunction further
contributes to anxiety, mood disturbances, and addictive behaviours (Lucia et al., 2018;

Owens & Nemeroff, 2003).
Difference Between Alcohol Withdrawal and Alcohol Craving

Withdrawal is characterised by CNS hyperexcitability due to physiological
adaptation to chronic alcohol exposure (Tunstall et al., 2019). Symptoms may begin
within six hours of cessation (Mendelson et al., 1978) and include nausea, tremors,
insomnia, anxiety, cardiac palpitations, emotional instability, and cognitive

disturbances.

Craving, in contrast, represents a psychological and physiological urge to
consume Alcohol and is associated with dopamine, glutamate, GABA, serotonin, and

endogenous opioid pathways (Heinz et al., 2003; Srinivasababu et al., 2014).
Acute Toxicity of Thymoquinone

Thymoquinone toxicity has been evaluated using dose-escalation studies in
rodents, with olive oil used as the solvent (Hamdan et al., 2019). LD50 {50}50
determination was performed using the staircase method, followed by probit analysis
(Farkhondeh et al., 2018; Firdaus et al., 2018). Histopathological examination of vital

organs provided further insight into potential toxicity (Hamdan et al., 2019)
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Review of Literature

Review of Literature

1. B.Ruby et al. (2012)

In their study on Ashwagandha in the treatment of alcohol withdrawal,
Ruby and Benson observed significant anxiolytic and adaptogenic effects. The herb
modulated cortisol levels and improved behavioural responses in subjects undergoing
Withdrawal. Their findings support the inclusion of herbal adaptogens in withdrawal

management protocols, offering a non-sedative alternative to benzodiazepines.

2. Jiirgen Rehm et al. (2015)

Their epidemiological analysis demonstrated that alcohol use disorder
(AUD) contributes disproportionately to the global disease burden. They emphasized
the lack of accessible, effective treatment strategies. Particularly in low- and middle-
income countries, this highlighted the need to integrate pharmacological and

psychosocial interventions to support long-term recovery.

3. Lorenzo Leggio et al. (2008)

These researchers emphasized the neurochemical dysregulation in
AUD, particularly involving dopamine, glutamate, and opioid systems. They argued
that targeted pharmacotherapy, rather than broad-acting CNS depressants, offers a
better approach for preventing relapse. Their work laid the groundwork for glutamate

modulators, such as acamprosate and lamotrigine.

4. Deborah A. Finn et al. (1997)

Their comprehensive review of alcohol withdrawal mechanisms discussed the
kindling effect, where repeated withdrawals heighten the severity of symptoms. They
developed rodent models demonstrating increased seizure susceptibility, laying the

foundation for current pharmacological studies on withdrawal prevention.

5. Richard Saitz et al. (1998)

Saitz distinguished between acute withdrawal symptoms and post-acute

withdrawal syndrome (PAWS), noting the persistence of anxiety, insomnia, and
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depression for months after cessation. He advocated for long-term pharmacological and

behavioral therapies that address both the acute and chronic phases of the condition.

6. Howard C. Becker et al. (1998)

Becker’s work on kindling in alcohol withdrawal confirmed that
neurotoxicity and excitotoxicity worsen with repeated episodes. His models revealed
long-lasting neuroadaptive changes in glutamate and GABA signaling, reinforcing the

importance of neuroprotective agents during detox.

7. David M. Lovinger et al. (1997)

Lovinger provided critical insights into serotonin's role in Alcohol's
neurobehavioral effects. He highlighted serotonin's involvement in mood, impulsivity,
and reward mechanisms, making it a target for therapeutic interventions aimed at

reducing craving and relapse.

8. Valentina Vengeliene et al. (2007)

Their experiments with lamotrigine, a glutamate release inhibitor,
showed reduced Alcohol seeking in rodent models. Their findings added strong support
to the hypothesis that glutamatergic hyperactivity contributes to relapse, validating the

use of glutamate modulators in withdrawal treatment.

9. Massimo Ubaldi et al. (2015)

This study investigated oxidative stress markers in alcohol-exposed
brains. Their study concluded that oxidative damage to neurons plays a significant role
in withdrawal severity. They proposed that antioxidant therapy could mitigate

neurotoxicity and enhance recovery.

10. Vasilis Bozikas et al. (2002)

These researchers explored how chronic alcohol use alters prefrontal
cortex function, which governs impulse control and decision-making. Their study
suggested long-term alterations in executive functions that contribute to craving,

relapse, and risky behaviors.
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11. Katherine L. March et al. (2019)

This study examined the role of biomarkers, including brain-derived
neurotrophic factor (BDNF) and pro-inflammatory cytokines, in the context of alcohol
use disorder. They proposed that such markers could predict withdrawal severity and

treatment response, offering a route to personalized medicine.

12. Edward G. Singleton et al. (1998)

Singleton and Gorelick investigated the multi-neurotransmitter model of
craving, combining data on dopamine, serotonin, glutamate, and GABA pathways.
They argued that alcohol craving is a distinct, measurable phenomenon and should be

treated as a separate target.

13. Soheila Javidi et al. (2016)

Their work focused on the neurotherapeutic potential of Nigella sativa and its
active compound thymoquinone. In rodent models of stress and neurodegeneration,
Thymoquinone was shown to reduce oxidative damage and anxiety, making it a

promising candidate for alcohol withdrawal management.

14. Farimah Beheshti et al. (2016)

This study elaborated on the capacity of Thymoquinone to suppress pro-
inflammatory markers, such as TNF-a and IL-6. The neuroprotective effect extended
to hippocampal neurons, supporting its use in conditions involving CNS excitability,

such as alcohol withdrawal seizures.

15. Gilhotra et al. (2011)

These researchers provided direct evidence of GABAergic modulation by
Thymoquinone in mice. Their anxiolytic test results (Elevated Plus Maze, Light-Dark
Box) revealed that thymoquinone acts on GABA and nitric oxide pathways, resembling

the action of conventional anxiolytics.

16. Vyawahare et al. (2007)

16
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Their pharmacognostic survey on herbal anticonvulsants reviewed several
natural agents, including Nigella sativa, Boerhaavia diffusa, and Bacopa monnieri.
They recommended further research into polyherbal formulations for epilepsy and

alcohol-related seizures.

17. Amir K. et al. (2012)

Their study on rats exposed to hyperlipidemia and oxidative stress showed that
black caraway oil (Nigella sativa) significantly reduced lipid peroxidation and free
radical activity. These antioxidant actions may counteract the oxidative cascade

triggered by alcohol withdrawal.

18. Ahmed MM et al. (2010)

This research team evaluated pesticide-induced brain damage and found that
Nigella sativa oil reversed neuronal oxidative stress, restoring normal levels of
antioxidant enzymes. Their findings suggest that similar protective mechanisms may

operate during alcohol-induced neurotoxicity.

19. Salman SA et al. (2014)

Studied Nigella sativa extract in the context of industrial toxicant exposure.
Results showed restoration of antioxidant defenses and attenuation of neurobehavioral
deficits. This supports its application in stress-related CNS conditions, including

withdrawal states.

20. Sharrif MM (2011)

In a review of traditional uses of black seed (Nigella sativa), Sharrif documented
centuries of its use for neurological disorders, including insomnia, convulsions, and
anxiety. Modern science, he argued, is now validating these ancient observations with

pharmacological evidence.

21 Chaudhary et al. (2014)
The study conducted by Scientists focused on Thymoquinone's potential

to regulate the GABAergic System during alcohol withdrawal. Their study found
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that Thymoquinone enhanced GABA receptor function, contributing to its ability
to reduce withdrawal symptoms such as tremors, seizures, and anxiety. This
suggests that Thymoquinone could be an effective treatment for managing the
neurological symptoms of alcohol withdrawal syndrome by modulating
GABAergic signalling.

22. Kumar et al. (2015)

Kumar and colleagues reviewed the potential of divalproex as an
adjunctive treatment for alcohol withdrawal syndrome. Their animal studies
demonstrated that divalproex, when used in combination with other treatments,
significantly reduced withdrawal symptoms such as seizures and anxiety. The
study suggests that divalproex may serve as an important adjunctive therapy in
managing alcohol withdrawal and improving recovery outcomes.

23. Zhang et al. (2016)

Zhang and colleagues explored the cardioprotective effects of
Thymoquinone in rats undergoing alcohol withdrawal. The study revealed that
Thymoquinone significantly alleviated alcohol-induced cardiac damage,
improving heart function and reducing markers of cardiovascular injury. These
findings suggest that Thymoquinone may help prevent alcohol-induced cardiac
complications during Withdrawal, highlighting its potential as a cardiovascular
protectant.

24. Javed et al. (2017)

Javed et al. studied the neurochemical and behavioural effects of
Thymoquinone in alcohol-induced anxiety models. Their research demonstrated
that Thymoquinone reduced anxiety-like behaviour and restored neurotransmitter
balance, leading to improved overall well-being in alcohol-withdrawing animals.
These findings indicate that Thymoquinone may help alleviate both the
neurochemical imbalances and behavioural disturbances that are commonly
observed during alcohol withdrawal.

25. Ziaei et al. (2018)

Ziaei and colleagues examined the role of divalproex in preventing
alcohol withdrawal seizures in rats. Their study found that divalproex was
effective in reducing the incidence and severity of seizures during alcohol

withdrawal, highlighting its potential therapeutic value. By modulating neuronal
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excitability and stabilising neurotransmitter systems, divalproex shows promise
as a treatment for seizure-related complications in alcohol withdrawal.
26. Hussain et al. (2015)

Hussain and colleagues explored the role of Thymoquinone in regulating the
dopaminergic System in alcohol-withdrawing rats. Their study found that
Thymoquinone significantly modulated dopamine levels, which helped alleviate the
neuropsychiatric symptoms of alcohol withdrawal. Symptoms such as mood shifts and
difficulties with cognitive function were observed. The results indicate that
Thymoquinone could potentially function as a neuromodulator, offering therapeutic
advantages in addressing the mental and emotional challenges associated with alcohol

withdrawal syndrome.
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Research Gap
Scholarly investigations have previously elucidated that the fundamental

mechanism of alcohol withdrawal delirium tremens entails a substantial
disturbance in the equilibrium of neurochemicals, including GABA, glutamate,
serotonin, and dopamine. This imbalance is pivotal to the emergence of
withdrawal symptoms. A potential method to reduce these effects is the utilisation
of competitive agonists that target alcohol-binding areas in the brain, which may
aid in restoring equilibrium and alleviating withdrawal symptoms. Furthermore,
these approaches may effectively diminish alcohol cravings, a severe and
potentially fatal illness. At present, Disulfiram is the sole widely acknowledged
medicinal intervention for the management of alcohol cravings. This creates a
void in pursuing alternative and possibly more efficacious therapies.

By rectifying the neurochemical imbalance associated with alcohol
cravings, we may discover novel methods for addressing this problem. This may
be accomplished by creating innovative medicines that focus on the identical
neural pathways associated with alcohol craving. Hypothetically, as well as
Diazepam, we might explore developing pharmacological medicines, such as
Nigella sativa, lemon essential oil, and Divalproex, as prospective remedies.
Moreover, specific potent 5-HT agonists, including triptans and lasmiditan, may
also demonstrate efficacy. Numerous phytochemical substances have
demonstrated potential in regulating neurochemical function. The list comprises
Ashwagandha, Kava, Magnolia bark, Valerian, black seed oil, Lavender,
Jasmine, and green tea. These natural compounds have shown promise in
rectifying neurochemical imbalances, positioning them as viable options for
mitigating alcohol cravings and facilitating withdrawal treatment. Therefore,
examining these organic and artificial options might support the creation of more

powerful therapies for addressing alcohol addiction and impulses.
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Aim and Objectives

Aim: To evaluate the efficacy of Thymoquinone and Divalproex, alone and in
combination, against Diazepam, in reducing alcohol craving and alleviating ethanol

withdrawal symptoms in an animal model of alcohol dependence.

e To evaluate the effects of Thymoquinone and Divalproex on alcohol
craving.
e To evaluate the effects of combining Thymoquinone and Divalproex with

Diazepam in combating alcohol craving.
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Animal models for evaluating alcohol Dependency

There are several approaches to creating physical alcohol dependence in
animals, which help researchers evaluate the symptoms linked to alcohol
addiction. One standard method involves providing a nutritionally complete
liquid diet infused with Alcohol. Another approach uses alcohol vapours for
inhalation, while a third method administers Alcohol through repeated injections
or by inserting a tube into the animal's oesophagus for direct consumption. Each
technique has its own set of benefits and limitations. However, they all aim to
establish a steady level of Alcohol in the bloodstream, which is crucial for
accurately assessing alcohol exposure. (Sharma et al., 2020)

The signs of alcohol dependence in animals typically manifest as motor
dysfunction, tremors, and excessive neuronal activity, often referred to as hyper-
synchronous firing. Among the various symptoms, seizures are the most
frequently studied. The occurrence of seizures can vary in severity depending on
the intensity of alcohol withdrawal and may either happen spontaneously or be

triggered by physical handling of the animal. (Smith, 1977)
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Methodology
Animal Grouping

A total of ten groups of mice were used in this study, with six animals in each
group. The grouping consisted of a Negative Control, Alcohol Control, and treatment
groups receiving Thymoquinone (THMQ), Divalproex (DVPX), Diazepam, and their

respective combinations.
Alcohol Dependence Model

Alcohol dependence was induced using an intermittent escalating ethanol model

adapted from (Xiao et al. 2018).
Mice received

e 5% ethanol in drinking water on days 1-5
e 10% ethanol on days 8—12

e 20% ethanol on days 15-19

e 35% ethanol on days 22-26

During each alcohol exposure phase, animals were also administered 0.2 mL of

the same ethanol concentration by gavage.

Intermittent ethanol-free days (days 6-7, 13-14, 20-21, 27-28) were

introduced to induce craving and mimic repeated withdrawal cycles.

Drug Treatment

During ethanol-free withdrawal periods, the following treatments were administered
once daily:

e Thymoquinone (THMQ): 20 mg/kg
o Divalproex sodium (DVPX): 30 mg/kg
e Diazepam: 1 mg/kg

Doses were selected based on established pharmacological studies indicating
anxiolytic and neuroprotective effects.
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Behavioral Assessments
Behavioral tests were conducted on days 7, 14, 21, and 28 to evaluate anxiety-
like behavior, locomotion, and alcohol-seeking patterns.

Elevated Plus Maze (EPM)

The EPM apparatus consisted of two open and two closed arms elevated above
the floor. Decreased time spent in open arms is indicative of anxiety (Carola et al.,
2002).

Open Field Test (OFT)

The OFT assessed locomotor activity and exploratory behavior. Measurements
included total distance travelled and time spent in center versus periphery, reflecting
anxiety and hyperactivity (Shieh & Yang, 2020).

Elevated Zero Maze (EZM)

The EZM contained two open and two closed sections arranged in a circular
elevated platform. Time spent in closed versus open areas was recorded during a 5-
minute session to assess anxiety (Deal et al., 2021).

Physical Signs of Withdrawal

Withdrawal symptoms were assessed 12 hours after the final ethanol exposure
by an observer blinded to treatment groups.
Symptoms such as:
Tremors
Tail stiffness
Touch sensitivity (vocalization)
Ventro-medial limb retraction

were scored from 0-2 per category, producing a total withdrawal severity score of 0—8

(Bleich & Degner, 2000; Jakaria et al., 2018).
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Western Blot Analysis

Hippocampal tissue (dorsal and ventral regions) was isolated for molecular
evaluation. Tissue homogenates were prepared in buffer and processed using SDS-
PAGE (4-20% gradient gel). Proteins were transferred to nitrocellulose membranes and
probed with: Rabbit anti-SK2, antibody, Mouse anti-actin antibody, Fluorescent

secondary antibodies.

Visualization was performed using the LICOR Odyssey CLx imaging system. Band
intensity was quantified via ImageJ software (Xue et al., 2021; Arafa et al., 2011; Deal
etal., 2021).

Statistical Analysis

All values were expressed as mean £ SD (n = 6). Statistical analysis was
performed using one-way ANOVA, followed by Tukey’s post-hoc test. Levels of

significance were indicated using the symbol legend described in the Results section.
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The mice
received
their
treatment
from day 1
through
day 5,
which
included
their
regular Diazepa
drinking m 1
water and ?;g/}ég
Standar 0.2 ml of on day
d water 6 and 7;
perse 13 and
administere 14; 20
. and 21;
di.g., each 27 and
day. After 28
day 5, they
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water in the
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until day
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included
their
regular
drinking
water and
0.2 mL of
water
administere
d
intragastric
ally (i.g.)
each day.
After day
5, they
received
only their
standard
drinking
water in the
water
bottles
until day
28.

Test
drug 2
per se

The mice
received
their
treatment
from day 1
through
day 5,
which
included
their
regular
drinking

water and

Divalpr
oex 60
mg/kg
p.0. on
day 6
and 7;
13 and
14; 20
and 21;
27 and
2844
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0.2 mL of
water
administere
d
intragastric
ally (i.g.)
each day.
After day
5, they
received
only their
standard
drinking
water in the
water
bottles
until day
28.

Negativ
e
Control

During the
initial five
days, the
animals
received a
5% ethanol
solution in
their water
bottles and
a daily
gavage of
0.2 mL of
the same
5% ethanol
solution.
Between
days 8 and
12, the

0.5%
CMC
solution
5 ml/kg
p.o. on
days 6
and 7;
13 and
14; 20
and 21;
27 and
2844
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ethanol
percentage
in the water
bottle was
elevated to
10%. From
days 15 to
19, the
ethanol
concentrati
on in the
water
bottle was
elevated to
20%, and
from days
22 t0 26, it
was further
increased
to 35%. On
the
intervening
days,
namely
days 6, 7,
13, 14, 20,
21,27, and
28, the
animals
received
standard
water
devoid of

ethanol.*

Positive
Control

During the

initial five

Diazepa
m 1
mg/kg
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days, the
animals
received a
5% ethanol
solution in
their water
bottles and
a daily
gavage of
0.2 mL of
the same
5% ethanol
solution.
Between
days 8 and
12, the
ethanol
percentage
in the water
bottle was
elevated to
10%. From
days 15 to
19, the
ethanol
concentrati
on in the
water
bottle was
elevated to
20%, and
from days
22 t0 26, it
was further
increased

to 35%. On

45 on

L.p.
day
and 7;

13 and
14; 20

and 21;
27 and

2844
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the
intervening
days,
namely
days 6, 7,
13, 14, 20,
21,27, and
28, the
animals
received
standard
water
devoid of

ethanol.

Alcohol
withdra
wal +
Test
drug,
one low
dose

During the
initial five
days, the
animals

received a
5% ethanol
solution in
their water
bottles and
a daily
gavage of
0.2 mL of
the same
5% ethanol
solution.

Between

days 8 and
12, the
ethanol

percentage
in the water

bottle was

Thymo
quinone
20
mg/kg
p.o. on
day 6
and 7;
13 and
14; 20
and 21;
27 and
28
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elevated to
10%. From
days 15 to
19, the
ethanol
concentrati
on in the
water bottle
was
elevated to
20%, and
from days
22 to 26, it
was further
increased
to 35%. On
the
intervening
days,
namely
days 6, 7,
13, 14, 20,
21, 27, and
28, the
animals
received
standard
water
devoid of

ethanol.*

Alcohol
withdra
wal +
Test
drug,
one
high
dose

During the
initial five
days, the
animals

received a

5% ethanol

Thymo
quinone
40
mg/kg
p.o. on
day 6
and 7;
13 and
14; 20

35




Methodology

solution in
their water
bottles and
a daily
gavage of
0.2 mL of
the same
5% ethanol
solution.
Between
days 8 and
12, the
ethanol
percentage
in the water
bottle was
elevated to
10%. From
days 15 to
19, the
ethanol
concentrati
on in the
water bottle
was
elevated to
20%, and
from days
22 to 26, it
was further
increased
to 35%. On
the
intervening
days,

namely

and 21;
27 and
28
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Alcohol
withdra
wal
Test
drug 1+
Std
drug

days 6, 7,
13, 14, 20,
21, 27, and
28, the
animals
received
standard
water
devoid of
ethanol.
During the
initial five
days, the
animals
received a

5% ethanol
solution in
their water
bottles and
a daily
gavage of
0.2 mL of
the same
5% ethanol
solution.

Between

days 8 and
12, the
ethanol

percentage
in the water
bottle was
elevated to
10%. From
days 15 to
19, the

Thymo
quinone
at 20
mg/kg
was

adminis
tered

orally,
and

Diazepa
m at 1
mg/kg
was

adminis
tered

intraper
itoneall
y on
days 6
and 7,
13 and
14, 20
and 21,
and 27
and 28.
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ethanol
concentrati
on in the
water bottle
was
elevated to
20%, and
from days
22 to 26, it
was further
increased
to 35%. On
the
intervening
days,
namely
days 6, 7,
13, 14, 20,
21, 27, and
28, the
animals
received
standard
water
devoid of

ethanol.

10

Alcohol
withdra
wal +
Test
drug
two low
doses

During the
initial five
days, the
animals

received a
5% ethanol
solution in
their water
bottles and

a daily

Divalpr
oex 30
mg/kg
p.o. on
day 6
and 7;
13 and
14; 20
and 21;
27 and
28
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gavage of
0.2 mL of
the same
5% ethanol
solution.
Between
days 8 and
12, the
ethanol
percentage
in the water
bottle was
elevated to
10%. From
days 15 to
19, the
ethanol
concentrati
on in the
water bottle
was
elevated to
20%, and
from days
22 to 26, it
was further
increased
to 35%. On
the
intervening
days,
namely
days 6, 7,
13, 14, 20,
21, 27, and
28, the
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11

Alcohol
withdra
wal +
Test
drug
two
high
doses

animals
received
standard
water
devoid of
ethanol.
During the
initial five
days, the
animals
received a

5% ethanol
solution in
their water
bottles and
a daily
gavage of
0.2 mL of
the same
5% ethanol
solution.

Between

days 8 and
12, the
ethanol

percentage
in the water
bottle was
elevated to
10%. From
days 15 to
19, the
ethanol

concentrati
on in the

water bottle

Divalpr
oex 60
mg/kg
p.0. on
day 6
and 7;
13 and
14; 20
and 21;
27 and
28
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was

elevated to

20%, and
from days
22 to 26, it
was further
increased
to 35%. On
the
intervening
days,
namely
days 6, 7,
13, 14, 20,
21, 27, and
28, the
animals
received
standard
water
devoid of
ethanol.
During the
initial five
days, the Divalpr
mal oex 30
animals me/kg
received a p.o. t+
Alcohol Diazepa
withdra 5% ethanol m 1
wal solution in mg/kg
12 Test thei ¢ 1.p. on
drug 2 eir water day 6
+ Std bottles and and 7,
drug . 13 and
a daily 14: 20
gavage of and 21;
27 and
0.2 mL of 78
the same

5% ethanol
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solution.
Between
days 8 and
12, the
ethanol
percentage
in the water
bottle was
elevated to
10%. From
days 15 to
19, the
ethanol
concentrati
on in the
water bottle
was
elevated to
20%, and
from days
22 to 26, it
was further
increased
to 35%. On
the
intervening
days,
namely
days 6, 7,
13, 14, 20,
21, 27, and
28, the
animals
received
standard

water
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13

Alcohol
withdra
wal
Test
drug 1
Test
drug 2

devoid of
ethanol.

During the
initial five
days, the
animals

received a

5% ethanol
solution in
their water
bottles and
a daily
gavage of
0.2 mL of
the same
5% ethanol
solution.

Between

days 8 and
12, the
ethanol

percentage
in the water
bottle was
elevated to
10%. From
days 15 to
19, the
ethanol

concentrati
on in the
water bottle

was

Thymo
quinone
20
mg/kg
p.o. +
Divalpr
oex 30
mg/kg
p.o. on
day 6
and 7;
13 and
14; 20
and 21;
27 and
28
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elevated to

20%, and
from days
22 to 26, it
was further
increased
to 35%. On
the
intervening
days,
namely
days 6, 7,
13, 14, 20,
21, 27, and
28, the
animals
received
standard
water
devoid of
ethanol.
During the
initial five Thymo
quinone
days, the 20
animals mg/kg
. p.o. +
Alcohol received a Divalpr
withdra 5% ethanol oex 30
1 mg/kg
wa solution in p.o. +
Test >
14 drug 1 their water lallzepa
m
:1?;5;; bottles and mg/kg
+ Std a daily 1.p. on
dru day 6
: gavage of and 7;
0.2 mL of 13 and
14; 20
the  same and 21;
5% ethanol 27 and
28

solution.
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Between
days 8 and
12, the
ethanol
percentage
in the water
bottle was
elevated to
10%. From
days 15 to
19, the
ethanol
concentrati
on in the
water bottle
was
elevated to
20%, and
from days
22 to 26, it
was further
increased
to 35%. On
the
intervening
days,
namely
days 6, 7,
13, 14, 20,
21, 27, and
28, the
animals
received
standard
water

devoid of
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ethanol.

84

Mice will be divided into the following groups

46




Methodology

Animals

The study will involve adult male Swiss Albino mice, each weighing
between 25 and 40 grams. These mice will be kept in a regulated environment
where the temperature remains constant, and the light/dark cycle follows a 12-
hour pattern (with light from 7:00 AM to 7:00 PM). Both ethanol exposure and
all behavioral tests related to alcohol withdrawal will take place in the same
controlled setting to ensure consistency in the experimental conditions.(Aron-

Wisnewsky & Clément, 2016)

Pharmacology

Mechanism of Action of Thymoquinone

Thymoquinone influences NMDA receptors. Thymoquinone acts as a
positive modulator of GABA within the GABAergic System and elevates
serotonin levels. The aqueous and methanolic extracts of defatted Nigella sativa
seeds exhibited notable depressant effects on the central nervous System, with the
methanolic extract showing particularly strong activity. This extract functions as
an anxiolytic medication by elevating 5-HT levels and reducing 5-HIAA levels
in the brain. Prolonged treatment of Nigella sativa elevates 5-HT levels in the
brain. Therefore, by stimulating the neurochemicals, we can achieve a reduction

in alcohol cravings. (Mansour et al., 2002)
Mechanism of Action of Divalproex

Divalproex enhances the release of the inhibitory neurotransmitter GABA
by preventing its breakdown via GABA-transaminase and promoting its synthesis
from glutamic acid. Therefore, an increase in GABA levels in the brain facilitates

the suppression of alcohol cravings. (Amato et al., 2011)

Side Effects of Diazepam

Drowsiness, dry mouth, tiredness, headache, constipation, and Muscle
weakness.

Benefits of Thymoquinone over Diazepam

There are fewer side effects compared to Diazepam. It is a more
potent, naturally obtained substance with multiple health benefits. Benefits of
Divalproex over Diazepam

Inhibiting GABA degradation. Increase GABA synthesis. More
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potent in action, Economical compared to Diazepam.
Selection of dose

The dosage of test medicines was determined based on prior literature and

acute toxicity evaluation data concerning their pharmacological activity.

Animals models

Chronic intermittent alcohol procedure

Animals can develop physical dependence on Alcohol through several
methods, one of which includes incorporating it into their regular diet. To begin,
we will use gavage (a method of oral administration) and ensure the bottle is
securely locked to prevent free access. This approach allows us to directly
observe the physical signs of alcohol dependence as they emerge. (Bansal &

Banerjee, 2016)(Ruby et al., 2012)(Xiao et al., 2018)

Week 1: First five days, 5% of alcohol Withdrawal Evaluation

Week 2: First five days, 10% of alcohol Withdrawal Evaluation

Week 3: First five days, 20% of alcohol Withdrawal Evaluation

Week 4: First five days, 35% of alcohol Withdrawal Evaluation
Figure 01: Alcohol Intake Procedure
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Animal

Evaluating parameters
For Rodents

Open field test (OFT)
Elevated zero maze (EZM)
Elevated plus maze (EPM)

Western blot analysis
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Result
Alcohol Drinking Data
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Day 7 Day 14 Day 21 Day 28

DAYS

B Negative Control BALC + Diazepam Img/kg
B ALC+THMQ 20mg/kg B ALC+THMQ 40mg/kg
Figure 02 Alcohol Drinking Data Animals Treated by THMQ
Data are expressed as mean + SD (n = 6) and analysed using one-way
ANOVA followed by Tukey’s post-hoc test. Statistical significance compared
with the Negative Control is indicated by *p < 0.05, **p < 0.01, and ***p <
0.001. Differences compared with the ALC + Diazepam (1 mg/kg) group are
denoted by #p < 0.05, ##p < 0.01, and ###p < 0.001. Comparisons between
THMQ (20 mg/kg) and DVPX (30 mg/kg) are represented by $p < 0.05, $$p
<0.01, and $$$p < 0.001. The symbol * indicates significant differences for
the combination ALC + DVPX (30 mg/kg) + Diazepam (1 mg/kg) when
compared with the corresponding single-drug treatments. The symbol !
denotes the difference between ALC + THMQ (20 mg/kg) and the combined
treatment ALC + THMQ (20 mg/kg) + DVPX (30 mg/kg). The symbol %
indicates significant variation between the combination ALC + THMQ (20
mg/kg) + DVPX (30 mg/kg) and the triple-therapy group receiving ALC +
THMQ (20 mg/kg) + DVPX (30 mg/kg) + Diazepam (1 mg/kg).
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ENegative Control B ALC + Diazepam 1mg/kg
OALC+DVPX 30mg/kg OALC+DVPX 60mg/kg

Figure 03 Alcohol Drinking Data Animals Treated by DVPX

Data are expressed as mean = SD (n = 6) and analysed using one-way ANOVA
followed by Tukey’s post-hoc test. Statistical significance compared with the Negative
Control is indicated by **p < 0.01 and ***p < 0.001, as shown on Days 21 and 28. No

other comparison markers were observed in this figure.
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ALCOHOL QUANTITY IN ML
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Day 7 Day 14 Day 21 Day 28
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B Negative Control @ Alcohol + Diazepam 1mg/kg
O Alcohol + THMQ 20 mg/kg O Alcohol+DVPX 30mg/kg
B Alcohol + THMQ 20 mg/kg + Diazepam 1mg/kg @ Alcohol+DVPX 30mg/kg+ Diazepam 1mg/kg
@ Alcohol+ THMQ 20 mg/kg + DVPX 30 mg/kg E Alcohol+ THMQ 20 mg/kg + DVPX 30 mg/kg + 1mg/kg Diazepam

Figure 04 Alcohol Drinking Data Animals Treated by THMQ, DVPX vs Diazepam
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Data are expressed as mean = SD (n = 6) and analysed using one-way ANOVA
followed by Tukey’s post-hoc test. Statistical significance compared with the Negative
Control is indicated by *p < 0.05, **p <0.01, and ***p < 0.001. Differences compared
with the ALC + Diazepam (1 mg/kg) group are denoted by #p < 0.05, ##p < 0.01, and
###p < 0.001. Comparisons between THMQ (20 mg/kg) and DVPX (30 mg/kg) are
represented by $p < 0.05, $$p < 0.01, and $$$p < 0.001. The symbol ! indicates a
significant difference between THMQ (20 mg/kg) alone and the combined treatment
THMQ (20 mg/kg) + DVPX (30 mg/kg). The symbol @@@ denotes significant
differences between the combined THMQ (20 mg/kg) + DVPX (30 mg/kg) therapy and
the triple-therapy group receiving THMQ (20 mg/kg) + DVPX (30 mg/kg) + Diazepam
(1 mg/kg). All symbols correspond to the inter-group comparisons indicated in the

statistical evaluation.

The daily alcohol-intake data (Figures 02—04) show distinct treatment-related
differences across the 28-day experimental period. In Figure 02, THMQ-treated groups
displayed progressive reductions in alcohol consumption compared with the Negative
Control, with significant effects appearing on Days 14, 21, and 28. On Day 14, both
THMQ 20 mg/kg and THMQ 40 mg/kg produced significant decreases relative to the
Negative Control (**p < 0.01, ***p <0.001). By Day 21, reductions in alcohol intake
were more pronounced for both THMQ doses (***p < 0.001), and significant
differences were also evident when compared with ALC + Diazepam, as indicated by
# and ##. On Day 28, both THMQ doses and ALC + Diazepam showed strong
reductions in intake (***p < 0.001), with additional differences between THMQ and

Diazepam groups reflected by *, **, and ***,

Figure 03 illustrates the effects of DVPX treatment. No meaningful differences
were seen on Days 7 or 14; however, by Day 21, significant reductions emerged in the
ALC + Diazepam and ALC + DVPX 60 mg/kg groups compared with the Negative
Control (**p < 0.01). On Day 28, both DVPX doses and Diazepam produced marked
reductions in alcohol intake, with significance denoted by ** and ***. Comparisons
between the two DVPX doses also showed differences, represented by ## and ###,
while no major changes were noted between the DVPX-treated groups and THMQ 20
mg/kg groups on this figure.

53



Results

Figure 04 shows the complete comparison including THMQ, DVPX, their
combinations, and the triple-therapy group. On Day 14, the combinations involving
THMQ and DVPX produced highly significant reductions compared with the Negative
Control (***p < 0.001). Additional reductions relative to ALC + Diazepam were
indicated by ## and ###. Differences between THMQ alone and THMQ + DVPX were
represented by !, while the difference between THMQ + DVPX and the triple-therapy
group (THMQ + DVPX + Diazepam) was strongly significant (***p <0.001, @ @@).
On Day 21, nearly all treatment groups demonstrated highly significant reductions
(***p <0.001) compared with the Negative Control, with further reductions relative to
Diazepam shown by ## and ###. Significant distinctions between THMQ and DVPX
were denoted by , and differences involving the triple-therapy group remained
consistent. By Day 28, most treatment groups again showed strong reductions versus
the Negative Control (***p < 0.001), with further differences versus Diazepam
indicated by ## and ###. Comparisons between THMQ and DVPX groups were
represented by $$ and , while differences between combination therapies remained

significant.

Overall, the alcohol-intake data across all figures indicate that THMQ, DVPX,
and their combination therapies substantially reduce alcohol consumption during
repeated withdrawal cycles, with combination treatments producing the strongest

effects.
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B Vehicle Control @ Diazepam 1mg/kg per se O THMQ 40 mg/kg per se
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® Alcohol + THMQ 40 mg/kg

Figure 05 Time Spent in open arms treated by THMQ

Data are presented as mean + SD (n = 6) and analysed using one-way ANOVA
followed by Tukey’s post-hoc test. Statistical significance compared with the Negative
Control is indicated by *p < 0.05, **p <0.01, and ***p < 0.001. Differences compared
with the ALC + Diazepam (1 mg/kg) group are denoted by #p < 0.05, ##p < 0.01, and
###p < 0.001. These symbols represent the comparisons made between the Negative
Control and the treatment groups (ALC + Diazepam, ALC + THMQ 20 mg/kg, and
ALC + THMQ 40 mg/kg), as well as comparisons between ALC + Diazepam and the
two THMQ-treated groups.
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@ Vehicle Control @ Diazepam 1mg/kg per se ODVPX 60 mg/kg per se
ONegative Control B Alcohol + Diazepam 1mg/kg @ Alcohol+DVPX 30mg/kg
B Alcohol+DVPX 60mg/kg

Figure 06 Time Spent in open arms treated by DVPX
Data are presented as mean = SD (n = 6) and analysed using one-way ANOV A followed

by Tukey’s post-hoc test. Statistical significance compared with the Negative Control
is indicated by *p < 0.05, **p <0.01, and ***p <0.001. Differences compared with the
ALC + Diazepam (1 mg/kg) group are represented by #p < 0.05, ##p < 0.01, and ###p
< 0.001. These symbols correspond to the comparisons between the Negative Control
and the treatment groups (ALC + Diazepam, ALC + DVPX 30 mg/kg, and ALC +
DVPX 60 mg/kg), as well as comparisons between ALC + Diazepam and the DVPX-

treated groups.
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TIME SPENT IN OPEN ARM (S)
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HE Alcohol+ THMQ 20 mg/kg + DVPX 30 mg/kg + 1mg/kg Diazepam
Figure 07 Time Spent in open arms treated by THMQ, DVPX vs Diazepam

Data are expressed as mean + SD (n = 6) and were analyzed using one-way ANOVA followed by Tukey’s post-hoc test. Statistical
significance relative to the Negative Control is indicated by #, ##, and ### corresponding to p < 0.05, p <0.01, and p < 0.001, respectively.
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Differences compared with the Alcohol + Diazepam 1 mg/kg group are represented by
A A and M at the same significance levels. Comparisons involving Alcohol + THMQ
20 mg/kg versus its combination groups (Alcohol + THMQ 20 mg/kg + Diazepam 1
mg/kg and Alcohol + THMQ 20 mg/kg + DVPX 30 mg/kg) are denoted by !, !!, and
1. Differences between Alcohol + DVPX 30 mg/kg and its combination groups
(Alcohol + DVPX 30 mg/kg + Diazepam 1 mg/kg and Alcohol + THMQ 20 mg/kg +
DVPX 30 mg/kg) are indicated by $, $$, and $$3$. The comparison between Alcohol +
THMQ 20 mg/kg + DVPX 30 mg/kg and Alcohol + THMQ 20 mg/kg + DVPX 30
mg/kg + Diazepam 1 mg/kg is shown by @, @@, and @@@. Higher repetitions of
each symbol represent stronger levels of statistical significance (p <0.05, p <0.01, p <

0.001).

Figure 05 illustrates the effects of Alcohol + THMQ (20 mg/kg and 40 mg/kg) and
Alcohol + Diazepam 1 mg/kg on time spent in the open arms across the withdrawal
period. Significant differences were observed between the Negative Control and all
treatment groups, indicated by *, , and *** (p < 0.05, 0.01, 0.001). Comparisons
between Alcohol + Diazepam 1 mg/kg and the THMQ treatment groups are denoted by
# and ##, reflecting significant improvements in open-arm activity. THMQ at both
doses produced consistent anxiolytic effects from Day 7 to Day 28, demonstrating
greater time spent in the open arms compared with the Negative Control. The pattern
shows that THMQ 40 mg/kg exerted a slightly stronger behavioural effect than THMQ
20 mg/kg. Overall, the figure indicates that THMQ treatment significantly reduces
anxiety-like behaviour during alcohol withdrawal, comparable to—but in some

observations stronger than Diazepam.

Figure 06 presents the behavioural effects of Alcohol + DVPX (30 mg/kg and 60
mg/kg) and Alcohol + Diazepam 1 mg/kg on time spent in the open arms. Significant
differences from the Negative Control are represented by *, , and *** across the four
observation days (p < 0.05, 0.01, 0.001). DVPX at both doses demonstrated marked
anxiolytic activity, with higher significance levels (## and ###) observed particularly
for the 60 mg/kg group. Comparisons between Alcohol + Diazepam and DVPX groups
are indicated by # and ##, showing that DVPX produced behavioural improvements
comparable to or slightly stronger than Diazepam. These findings suggest that DVPX

dose-dependently increases open-arm exploration, indicating reduced anxiety during
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withdrawal.

Figure 07 summarises the behavioural outcomes of multiple combination therapies
involving THMQ, DVPX, and Diazepam. Significant differences between the Negative
Control and all Alcohol-treated groups are denoted by #, ##, and ### (p < 0.05, 0.01,
0.001). Comparisons between Alcohol + Diazepam 1 mg/kg and all other treatment
groups are indicated by ”, demonstrating the relative behavioural strength of each
regimen. THMQ 20 mg/kg showed significant improvements when combined with
Diazepam or DVPX, marked by ! (p < 0.05 or p < 0.01), while DVPX 30 mg/kg
exhibited notable changes in comparison with its Diazepam and THMQ combinations,
represented by $. The strongest distinctions were observed between the THMQ +
DVPX combination and the triple therapy (THMQ + DVPX + Diazepam), denoted by
@. Overall, combination therapies, particularly THMQ + DVPX and the triple regimen,
produced robust anxiolytic effects with higher open-arm activity than single-agent

treatments.
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Figure 08 Time Spent in Open area Treated by THMQ
Data are expressed as mean = SD (n = 6) and analysed using one-way ANOVA

followed by Tukey’s post-hoc test. Statistical significance relative to the Negative
Control group is indicated by * (p < 0.05), ** (p < 0.01), and *** (p < 0.001).
Differences compared with the Alcohol + Diazepam 1 mg/kg group are represented by
#, ##, and ### for p <0.05, p <0.01, and p < 0.001, respectively. Comparisons between
Alcohol + THMQ 20 mg/kg and Alcohol + THMQ 40 mg/kg are denoted by *, *, and
AMAQOverall, THMQ at both doses produced significant improvements in time spent in
the open arms across Days 7, 14, 21, and 28, demonstrating a dose-dependent reduction

in anxiety-like behaviour during alcohol withdrawal.
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Figure 09 Time Spent in Open area Treated by DVPX
Data are presented as mean + SD (n = 6) and were analysed using one-way ANOVA
followed by Tukey’s post-hoc test. Statistical significance relative to the Negative
Control group is indicated by * (p < 0.05), ** (p < 0.01), and *** (p < 0.001).
Comparisons with the Alcohol + Diazepam 1 mg/kg group are represented by #, ##,
and ### for p <0.05, p <0.01, and p <0.001, respectively. Differences between Alcohol
+ DVPX 30 mg/kg and Alcohol + DVPX 60 mg/kg are denoted by *, **, and " at
corresponding significance levels. Overall, both DVPX doses produced marked
improvements in open-arm exploration across all withdrawal days, indicating a dose-
dependent anxiolytic effect superior to the Negative Control and comparable to Alcohol

+ Diazepam treatment.
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Figure 10 Time Spent in Open area Treated by THMQ, DVPX vs Diazepam

Data are expressed as mean + SD (n = 6) and were analysed using one-way ANOVA followed by Tukey’s post-hoc test. Statistical significance
relative to the Negative Control is indicated by #, ##, and ### for p < 0.05, p <0.01, and p < 0.001, respectively.
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Differences compared with the Alcohol + Diazepam 1 mg/kg group are represented by
A, M and M2 at the corresponding significance levels. Comparisons between Alcohol
+ THMQ 20 mg/kg and its combination groups (Alcohol + THMQ 20 mg/kg +
Diazepam 1 mg/kg and Alcohol + THMQ 20 mg/kg + DVPX 30 mg/kg) are denoted
by !, !, and !!!. Differences between Alcohol + DVPX 30 mg/kg and its combination
treatments (Alcohol + DVPX 30 mg/kg + Diazepam 1 mg/kg and Alcohol + THMQ 20
mg/kg + DVPX 30 mg/kg) are indicated by §, $$, and $$$. The comparison between
the THMQ + DVPX combination group and the triple therapy (THMQ + DVPX +
Diazepam) is shown by @ and @@. The overall results highlight strong, dose-
dependent anxiolytic effects, with combination therapies producing greater open-arm

activity than individual treatments.

Figure 08 shows the effect of Alcohol + THMQ 20 mg/kg and Alcohol + THMQ 40
mg/kg on anxiety-like behaviour during alcohol withdrawal. Across all observation
days, the Negative Control group consistently displayed reduced time spent in the open
arms, confirming withdrawal-related anxiety. Significant differences relative to the
Negative Control are indicated by *, **, and *** (p < 0.05, 0.01, and 0.001). Both
THMQ doses produced noticeable improvements in open-arm activity, with THMQ 40
mg/kg showing a stronger behavioural response than THMQ 20 mg/kg. Comparisons
with the Alcohol + Diazepam group are denoted by #, ##, and ###, indicating that
THMQ demonstrated anxiolytic activity comparable to Diazepam. Differences between
the two THMQ doses are represented by *, ™, and ", reflecting dose-dependent
behavioural enhancement. Overall, THMQ treatment significantly alleviated anxiety-

like responses associated with alcohol withdrawal in a dose-dependent manner.

Figure 09 illustrates the behavioural effects of Alcohol + DVPX 30 mg/kg and Alcohol
+ DVPX 60 mg/kg on open-arm exploration. The Negative Control group showed
markedly reduced open-arm time, significantly different from Vehicle Control,
confirming the presence of withdrawal-induced anxiety. Significant improvements
relative to the Negative Control are indicated by *, **, and ***. Comparisons with
Alcohol + Diazepam 1 mg/kg are represented by #, ##, and ###, demonstrating that
DVPX produced anxiolytic effects comparable to Diazepam. Differences between
DVPX 30 mg/kg and DVPX 60 mg/kg are shown by *, ™, and ", which reflect a

clear dose-dependent increase in open-arm activity. Across all days, DVPX 60 mg/kg
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consistently produced the strongest anxiolytic response, suggesting significant
behavioural benefits of higher-dose DVPX in mitigating alcohol-withdrawal-related

anxiety.

Figure 10 presents the combined behavioural effects of THMQ, DVPX, and Diazepam
administered individually or in combination. Significant differences relative to the
Negative Control are represented by #, ##, and ###, indicating that all treatment groups
showed improved open-arm exploration compared with the untreated withdrawal
group. Comparisons with Alcohol + Diazepam 1 mg/kg are marked by *, **, and ",

demonstrating varying degrees of behavioural improvement across treatment regimens.

Comparisons between Alcohol + THMQ 20 mg/kg and its combination treatments
(with Diazepam or with DVPX) are indicated by !, !!, and !!!, highlighting significant
additional benefit when THMQ is combined with either agent. Differences between
Alcohol + DVPX 30 mg/kg and its combination groups (with Diazepam or THMQ) are
denoted by $, $3, and $$$, showing enhanced anxiolytic effects when DVPX is used in
combination. The contrast between the dual combination group (THMQ + DVPX) and
the triple therapy (THMQ + DVPX + Diazepam) is expressed by @ and @@, indicating
that triple therapy produced the most pronounced behavioural benefit. Overall,
combination treatments produced superior anxiolytic effects compared with single-
agent therapy, with the triple combination providing the strongest improvement in

open-arm activity.
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Figure 11 Number of Open Entries Treated by THMQ
Data are expressed as mean + SD (n = 6) and analysed using one-way ANOVA
followed by Tukey’s post-hoc test. Statistical significance relative to the Negative
Control group is indicated by * (p < 0.05), ** (p < 0.01), and *** (p < 0.001).
Differences compared with the Alcohol + Diazepam 1 mg/kg group are represented by
#, ##, and ###. Comparisons between Alcohol + THMQ 20 mg/kg and Alcohol +
THMQ 40 mg/kg are denoted by », *, and " at corresponding significance levels.
Overall, THMQ treatment at both doses significantly increased the number of entries
into the open arms across all days, with THMQ 40 mg/kg producing a stronger
behavioural improvement than the 20 mg/kg dose, indicating a dose-dependent

reduction in anxiety-like behaviour during alcohol withdrawal.
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Figure 12 Number of Open Entries Treated by DVPX

Figure 12 presents the number of entries in the Open Field Test recorded on Days 7,
14,21, and 28 following treatment with alcohol, Divalproex (DVPX), Thymoquinone
(THMQ), Diazepam, and their combinations. All values are expressed as mean = SD
(n = 6), and statistical analysis was performed using one-way ANOVA followed by
Tukey’s post hoc test. Statistical significance in comparison with the Vehicle Control
is denoted by *p < 0.05, **p < 0.01, and ***p < 0.001. Differences relative to the
Negative Control are indicated by #, ##, and ###, corresponding to p <0.05, p <0.01,
and p < 0.001, respectively. Comparisons with the Alcohol + Diazepam (1 mg/kg)
group are represented by *, , and " (p < 0.05, p < 0.01, p < 0.001). Differences
between Alcohol + DVPX (30 mg/kg) and its combination groups are marked by $,
$8, and $$$, while comparisons involving Alcohol + THMQ (20 mg/kg) and its
respective combination groups are denoted by !, !!, and !!!. Finally, the comparison
between Alcohol + THMQ (20 mg/kg) + DVPX (30 mg/kg) and Alcohol + THMQ
(20 mg/kg) + DVPX (30 mg/kg) + Diazepam (1 mg/kg) is represented by @, @@,
and @@@. These symbols correspond to increasing levels of statistical significance

and represent the predefined comparisons among treatment groups.
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Figure 13 Number of Open Entries Treated by THMQ, DVPX vs Diazepam
Data are expressed as mean = SD (n = 6) and analysed using one-way ANOVA followed by Tukey’s post-hoc test.

Statistical symbols represent comparisons between specific treatment groups as assigned in the experimental design.
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Differences compared with the Negative Control are denoted by * (p <
0.05), ** (p < 0.01), and *** (p < 0.001). Comparisons between Alcohol +
Diazepam 1 mg/kg and all other treatment groups are indicated by *, **, and """,
depending on the level of significance. The Alcohol + THMQ 20 mg/kg group
compared with its combination treatments (Alcohol + THMQ 20 mg/kg +
Diazepam 1 mg/kg and Alcohol + THMQ 20 mg/kg + DVPX 30 mg/kg) is
represented by !, !!, and !!!. Comparisons between Alcohol + DVPX 30 mg/kg
and its combined regimens (Alcohol + DVPX 30 mg/kg + Diazepam 1 mg/kg and
Alcohol + THMQ 20 mg/kg + DVPX 30 mg/kg) are represented by $, $$, and
$$$. Finally, the difference between the Alcohol + THMQ 20 mg/kg + DVPX 30
mg/kg group and the triple-therapy group (Alcohol + THMQ 20 mg/kg + DVPX
30 mg/kg + Diazepam 1 mg/kg) is shown using @, @@, and @@@. These
symbols indicate statistically significant variations across the treatments,
demonstrating the modulatory effects of THMQ, DVPX, Diazepam, and their

combinations on alcohol-induced behavioural alteration.

Figure 10 On Day 7, the Vehicle Control group showed strong differences from
the Negative Control (p < 0.001) and a smaller difference from THMQ 40 mg/kg (p <
0.05). The Negative Control also differed significantly from Alcohol + Diazepam 1
mg/kg, Alcohol + THMQ 20 mg/kg, and Alcohol + THMQ 40 mg/kg (###, p <0.001).
A mild difference was seen between Alcohol + Diazepam 1 mg/kg and Alcohol +
THMQ 20 mg/kg (*, p < 0.05). On Days 14 and 21, similar patterns continued, with
Vehicle Control differing from Negative Control (p < 0.001) and the Negative Control
showing strong differences from all THMQ and Diazepam groups (###, p < 0.001).
Alcohol + Diazepam 1 mg/kg also differed from Alcohol + THMQ 20 mg/kg on both
days (s p < 0.01).

By Day 28, differences between Vehicle Control and Negative Control
became minimal, but the Negative Control still differed strongly from Alcohol +
THMQ 20 mg/kg and THMQ 40 mg/kg (###, p < 0.001) and moderately from Alcohol
+ Diazepam 1 mg/kg (#, p <0.05). Alcohol + Diazepam 1 mg/kg differed strongly from
Alcohol + THMQ 20 mg/kg (", p <0.001).

Figure 11 On Day 7, Vehicle Control differed significantly from Negative
Control (p < 0.001), while the Negative Control also differed strongly from Alcohol +
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Diazepam 1 mg/kg, THMQ 20 mg/kg, and THMQ 40 mg/kg (###, p < 0.001). Alcohol
+ Diazepam 1 mg/kg showed a mild difference when compared with Alcohol + THMQ
20 mg/kg (%, p <0.05).

On Days 14 and 21, Vehicle Control again differed from Negative Control, and
the Negative Control continued to show strong differences from the THMQ and
Diazepam groups (###, p < 0.001). Alcohol + Diazepam 1 mg/kg also differed from
Alcohol + THMQ 20 mg/kg (™, p < 0.001 on Day 14; , p < 0.01 on Day 21). On
Day 28, differences between Vehicle Control and Negative Control were minimal, but
Negative Control still differed significantly from Alcohol + THMQ 20 mg/kg and
THMQ 40 mg/kg (###, p < 0.001) and moderately from Alcohol + Diazepam (##, p <
0.01). Alcohol + Diazepam 1 mg/kg again differed strongly from Alcohol + THMQ 20
mg/kg (", p <0.001).

Figure 12 On Day 7, Vehicle Control differed significantly from Negative
Control (p < 0.001) and moderately from THMQ 40 mg/kg (p < 0.05). The Negative
Control also differed strongly from Alcohol + Diazepam 1 mg/kg, THMQ 20 mg/kg,
and THMQ 40 mg/kg (###, p <0.001). A mild difference appeared between Alcohol +
Diazepam 1 mg/kg and Alcohol + THMQ 20 mg/kg (*, p < 0.05). Strong differences
were also found in multi-drug combinations, including Alcohol + DVPX 30 mg/kg +
Diazepam vs. Alcohol + DVPX 30 mg/kg (###) and THMQ + DVPX combinations
(@@). On Days 14 and 21, similar patterns continued, with Vehicle Control differing
from Negative Control and the Negative Control showing strong differences from
Alcohol + THMQ 20 mg/kg, Alcohol + DVPX 30 mg/kg, and combination treatments
(###, p < 0.001). Several pairwise differences appeared between Diazepam groups,
THMQ combinations, and DVPX combinations (™", !!, , @@). On Day 28, the
Negative Control differed strongly from Alcohol + THMQ 20 mg/kg, Alcohol + DVPX
30 mg/kg, Alcohol + DVPX 30 mg/kg + Diazepam, and THMQ-DVPX combinations
(###, p < 0.001), and moderately from Alcohol + Diazepam (#, p < 0.05). Strong
differences were also seen between Alcohol + Diazepam and THMQ/DVPX groups
("2, p <0.001), between THMQ and THMQ + Diazepam (!!!), between DVPX and
DVPX + Diazepam (), and between THMQ + DVPX vs. the triple combination

(@e@).
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Figure 14 Central Ambulation treated by THMQ

Data are presented as mean + SD (n = 6) and were analyzed using one-way ANOVA
followed by Tukey’s post-hoc test. Significant differences compared with the Negative
Control group are indicated by *, **, and *** (p <0.05, 0.01, and 0.001). Comparisons
between Alcohol + Diazepam 1 mg/kg and the THMQ-treated groups are denoted by
#, ##, and ### (p < 0.05, 0.01, and 0.001). Differences between Alcohol + THMQ 20
mg/kg and Alcohol + THMQ 40 mg/kg are represented by *, *, and . Across Days
7,14,21, and 28, the Negative Control group consistently showed significantly reduced
central ambulation relative to the Vehicle Control group. All alcohol-treated groups
receiving Diazepam or THMQ demonstrated increased central ambulation compared
with the Negative Control. THMQ 40 mg/kg produced stronger anxiolytic-like effects,
particularly on Days 14 and 21, as reflected by the prominent ### markers. Diazepam-
treated mice showed significant improvement over Negative Control (***), while
THMQ groups showed further separation from Diazepam ("), indicating superior
behavioural recovery. Overall, THMQ alone and in combination produced a

progressive, dose-dependent elevation in central ambulation throughout the study.
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Figure 15 Central Ambulation treated by DVPX

In Figure 12, significant differences were observed across treatment groups.
Comparisons made against the Negative Control are indicated by * (p < 0.05), ** (p <
0.01), and *** (p < 0.001). Differences relative to the Alcohol + Diazepam 1 mg/kg
group are denoted by # (p < 0.05), ## (p < 0.01), and ### (p < 0.001). Comparisons of
Alcohol + DVPX 30 mg/kg with its combination groups are marked by * (p <0.05), ™
(p <0.01), and " (p < 0.001). Differences between Alcohol + DVPX 60 mg/kg and
its related treatment combinations are shown by $ (p < 0.05), $$ (p <0.01), and $$$ (p
<0.001). Finally, comparisons between Alcohol + THMQ 20 mg/kg + DVPX 30 mg/kg
and the triple-therapy group (Alcohol + THMQ 20 mg/kg + DVPX 30 mg/kg +
Diazepam 1 mg/kg) are represented by @ (p < 0.05), @@ (p <0.01), and @@@ (p <
0.001). Data are presented as mean + SD (n = 6) and analyzed using one-way ANOVA
followed by Tukey’s post-hoc test.
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Figure 16 Central Ambulation treated by THMQ, DVPX vs Diazepam
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Data are expressed as mean = SD (n = 6) and analyzed using one-way ANOVA
followed by Tukey’s post-hoc test. Significant differences relative to the Negative Control
group are indicated by #, ##, and ### (p < 0.05, 0.01, and 0.001, respectively). Comparisons
of Alcohol + Diazepam (1 mg/kg) against all remaining treatment groups are marked with *,
A and M, Differences between Alcohol + THMQ 20 mg/kg and its combination groups
(Alcohol + THMQ 20 mg/kg + Diazepam 1 mg/kg, and Alcohol + THMQ 20 mg/kg + DVPX
30 mg/kg) are denoted by !, !!, and !!!. Variations between Alcohol + DVPX 30 mg/kg and
its combination groups (Alcohol + DVPX 30 mg/kg + Diazepam 1 mg/kg, and Alcohol +
THMQ 20 mg/kg + DVPX 30 mg/kg) are represented by $, $$, and $$$. Finally, statistical
differences between the combined THMQ + DVPX group and the triple combination (THMQ
+ DVPX + Diazepam) are shown using @, @@, and @@(@. These results demonstrate clear
dose-dependent and interaction-dependent effects of THMQ, DVPX, and Diazepam on

central ambulation behavior across all time points.

Figure 13 shows that on Day 7, Diazepam 1 mg/kg differed significantly from Vehicle
Control (p < 0.01), while the Negative Control showed strong differences compared with
Alcohol + Diazepam and both THMQ doses (p < 0.001; ###). Alcohol + Diazepam also
differed markedly from both THMQ doses (p < 0.001; ***). On Day 14, the Negative
Control again differed significantly from Alcohol + Diazepam and THMQ 20/40 mg/kg (p
< 0.001; ###), and Alcohol + Diazepam differed from THMQ 20 mg/kg (p < 0.001; ").
On Day 21, strong differences persisted between the Negative Control and Alcohol +
Diazepam (p < 0.001; ###) and between the Negative Control and THMQ 20/40 mg/kg. By
Day 28, the Negative Control showed clear differences from Alcohol + Diazepam and
THMQ 40 mg/kg (p <0.001; ###), and Alcohol + Diazepam again differed from THMQ 20
mg/kg (p <0.001; M),

Figure 14 shows a similar pattern. On Day 7, Vehicle Control differed from
Negative Control (p <0.001) and from Diazepam (p < 0.01). The Negative Control differed
strongly from Alcohol + Diazepam, THMQ 20 mg/kg, and THMQ 40 mg/kg (p < 0.001;
###), and Alcohol + Diazepam differed significantly from THMQ 20 mg/kg (p < 0.001;
AMA). On Days 14 and 21, the Negative Control continued to differ from Alcohol +
Diazepam and both THMQ doses (p < 0.001; ###), with a moderate difference for THMQ
20 mg/kg (p < 0.05; #). Alcohol + Diazepam also differed strongly from THMQ 20 mg/kg
(p < 0.001; "*). By Day 28, substantial differences remained between Negative Control

74



Results

and Alcohol + Diazepam and THMQ 40 mg/kg (p < 0.001; ###), and Alcohol + Diazepam
continued to differ from THMQ 20 mg/kg (p < 0.001; 7).

Figure 15 shows that on Day 7, the Negative Control differed markedly from
Alcohol + Diazepam, THMQ 20 mg/kg, DVPX 30 mg/kg, and their combinations (p <
0.001; ###). Alcohol + Diazepam differed strongly from THMQ 20 mg/kg and combination
treatments (p < 0.001; **), and THMQ 20 mg/kg and DVPX 30 mg/kg each differed from
their Diazepam combinations (p < 0.001; !!!, $§). THMQ + DVPX also differed strongly
from its triple combination (p < 0.001; @@@).
On Day 14, the Negative Control again differed significantly from multiple treatments (p <
0.001; ###). Alcohol + Diazepam and THMQ/DVPX combinations continued to show
strong differences between their paired forms. On Day 21, the Negative Control remained
significantly different from Alcohol + Diazepam and THMQ 40 mg/kg (p < 0.001; ###).
By Day 28, substantial differences persisted between Negative Control and Alcohol +
Diazepam and THMQ 40 mg/kg (p < 0.001; ###), and Alcohol + Diazepam continued to
differ strongly from THMQ 20 mg/kg (p < 0.001; "*).
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Figure 17 Time Spent in Centre Treated by THMQ

The data are presented as mean £ SEM (n = 6). Significant differences compared with the
Negative Control group are marked by *** (p < 0.001). Comparisons with the Alcohol +
Diazepam 1 mg/kg group are shown by * (p <0.05) and " (p <0.01). Differences relative to
the Alcohol + THMQ 40 mg/kg group are indicated by ### (p < 0.001). Statistical analysis
was performed using one-way ANOVA followed by Tukey’s post-hoc test.
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Figure 18 Time Spent in Centre Treated by DVPX

Data are expressed as mean = SD (n = 6). Statistical analysis was performed using one-
way ANOVA followed by Tukey’s post hoc test. Significant differences relative to the
Negative Control group are indicated by ***p < 0.001, **p < 0.01, and *p < 0.05.
Comparisons relative to the Alcohol + Diazepam 1 mg/kg group are indicated by ###p <
0.001, ##p < 0.01, and #p < 0.05. Differences between Alcohol + DVPX 30 mg/kg and
Alcohol + DVPX 60 mg/kg groups are denoted by ~*p <0.001 and “p < 0.01.
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Figure 19 Time Spent in Centre Treated by THMQ, DVPX vs Diazepam

Data were analysed using one-way ANOVA followed by Tukey’s post-hoc test, and values are expressed as mean = SD (n = 6). Statistical

significance is represented by the symbols shown above the bars in the figure.
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Asterisks (***, ** *) indicate significant differences when compared with the Vehicle
Control group, whereas hashes (###, ##, #) denote differences relative to the Negative
Control group. Caret symbols (™, ™, ) mark comparisons with the Alcohol +
Diazepam 1 mg/kg group, dollar signs ($$$, $$, $) denote comparisons with the
Alcohol + THMQ 20 mg/kg group, and at-signs (@@ @, @@, @) represent differences
relative to the Alcohol + DVPX 30 mg/kg group. Statistical differences between
combination-treated groups (Alcohol + THMQ 20 mg/kg + DVPX 30 mg/kg and its
Diazepam-augmented form) are also shown by the corresponding symbols above the
respective bars. A lower p-value corresponds to a greater level of statistical

significance.

Figure 16 shows that on Day 7, Vehicle Control and THMQ 40 mg/kg showed no
meaningful difference, while Vehicle Control differed significantly from Diazepam 1
mg/kg (p <0.01). The Negative Control also showed highly significant reductions when
compared with Alcohol + Diazepam 1 mg/kg, Alcohol + THMQ 20 mg/kg, and Alcohol
+ THMQ 40 mg/kg (p < 0.001, ###), with a moderate difference against Alcohol +
Diazepam 1 mg/kg (p <0.01, ##). Alcohol + Diazepam 1 mg/kg differed markedly from
both THMQ-treated groups (p < 0.001, ). Similar trends continued on Day 14, with
strong differences between Vehicle Control and Negative Control (p < 0.001) and
between Vehicle Control and Diazepam 1 mg/kg (p < 0.05). The Negative Control
remained significantly different from Alcohol + Diazepam 1 mg/kg and both THMQ
doses (p < 0.001, ###), and Alcohol + Diazepam 1 mg/kg again differed sharply from
Alcohol + THMQ 20 mg/kg (p < 0.001, “). On Day 21, Vehicle and Negative
Controls remained significantly different (p < 0.001), and the Negative Control again
differed from all Alcohol-treated groups (p < 0.001, ###), although Alcohol +
Diazepam 1 mg/kg and Alcohol + THMQ 20 mg/kg showed negligible difference. By
Day 28, significant variations persisted between Vehicle and Negative Control (p <
0.001, ***). The Negative Control again differed markedly from Alcohol + Diazepam
1 mg/kg and both THMQ doses (p < 0.001, ###), with a moderate difference against
Alcohol + Diazepam 1 mg/kg (p <0.01, *).

Figure 17 demonstrates similar outcomes. On Day 7, Vehicle Control differed
significantly from both THMQ 40 mg/kg and the Negative Control (p < 0.001), while
the Negative Control differed strongly from Alcohol + Diazepam 1 mg/kg and both
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THMQ doses (p < 0.001, ###). Alcohol + Diazepam 1 mg/kg displayed significant
differences relative to Alcohol + THMQ 20 mg/kg (p < 0.001, **) and THMQ 40
mg/kg (p <0.01, ). Day 14 again showed strong differences between Vehicle Control,
THMQ 40 mg/kg, and Negative Control (p < 0.001), while the Negative Control
remained significantly different from all Alcohol-treated groups (p < 0.001, ###).
Alcohol + Diazepam 1 mg/kg differed moderately from THMQ 20 mg/kg (p < 0.01,
). On Day 21, Vehicle Control again differed from THMQ 40 mg/kg and Negative
Control (p < 0.001). The Negative Control continued to differ from Alcohol +
Diazepam 1 mg/kg and both THMQ doses (p < 0.001, ###), and Alcohol + Diazepam
1 mg/kg remained significantly different from Alcohol + THMQ 20 mg/kg (p < 0.001,
M), On Day 28, strong differences remained between Vehicle Control, THMQ 40
mg/kg, and the Negative Control (p < 0.001). The Negative Control again differed
significantly from all THMQ- and Diazepam-treated groups (p < 0.001, ###), and
Alcohol + Diazepam 1 mg/kg continued to show strong differences from THMQ 20
mg/kg (p <0.001, 7).

Figure 18 further supports these findings. On Day 7, Vehicle Control showed
significant differences from the Negative Control (p < 0.001). The Negative Control
differed markedly from Alcohol + Diazepam 1 mg/kg, Alcohol + THMQ 20 mg/kg,
Alcohol + DVPX 30 mg/kg, and combined treatments (p < 0.001, ###). Alcohol +
Diazepam 1 mg/kg significantly differed from Alcohol + THMQ 20 mg/kg (p < 0.01,
) and Alcohol + DVPX 30 mg/kg (p < 0.001, ). Marked differences also appeared
between Alcohol + THMQ 20 mg/kg and its Diazepam combination (p < 0.001, !!!),
and between DVPX 30 mg/kg and its Diazepam combination (p <0.001, ). On Day 14,
Vehicle and Negative Controls remained significantly different (p < 0.001), and the
Negative Control differed significantly from Alcohol + Diazepam 1 mg/kg, Alcohol +
THMQ 20 mg/kg, and Alcohol + THMQ 40 mg/kg (p < 0.001, ###). Additional
differences appeared between Alcohol + Diazepam 1 mg/kg and DVPX-treated
combinations (p < 0.001, "), and between THMQ- and DVPX-based combinations
(p <0.05 to < 0.001). Day 21 showed strong, continued differences between Vehicle
and Negative Controls (p < 0.001), with the Negative Control differing from all
Alcohol-treated groups (p < 0.001, ###). Diazepam- and THMQ-based combinations
continued to show significant distinctions (", !!!, | @@). By Day 28, profound

differences were observed between Vehicle and Negative Control (p < 0.001). The
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Negative Control differed significantly from all Diazepam-, THMQ-, and DVPX-based
treatments (p < 0.001, ###). Alcohol + Diazepam 1 mg/kg also differed strongly from
several THMQ and DVPX combinations (p < 0.001, *), and combination therapies
showed further significant contrasts (!!!, $$, @@).
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Western Blot
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Figure No. 20 Western Bolts
Group No. Group Name

Normal Control (Vehicle only)

Diazepam per se (1 mg/kg)

THMQ per se (40 mg/kg)

DVPX per se (60 mg/kg)

Alcohol only (Negative Control)

Alcohol + Diazepam i.p (1 mg/kg)

Alcohol + THMQ p.o (20 mg/kg)

Alcohol + THMQ p.o (40 mg/kg)

Alcohol + DVPX p.o (30 mg/kg)

Alcohol + DVPX p.o (60 mg/kg)

Alcohol + THMQ p.o (20 mg/kg) + Diazepam i.p (1 mg/kg)
Alcohol + DVPX p.o (30 mg/kg) + Diazepam i.p (1 mg/kg)
Alcohol + THMQ p.o (20 mg/kg) + DVPX p.o (30 mg/kg)
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Alcohol + THMQ p.o (20 mg/kg) + DVPX p.o (30 mg/kg) + Diazepam i.p (1 mg/kg)
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Protein Sk2 vs p-Actin

0.08 -
Z 0.07 A
S 0.06 -
< 0.5 -
ZS  0.04 -
EE=200.03 A
28% 002 -
=2 001 1
> 0 ; ; ; ; ; .
@) Vehicle Diazepam THMQ 40 Negative Alcohol + Alcohol + Alcohol +
~ Control 1mg/kg per mg/kg per Control Diazepam THMQ 20 THMQ 40
se se Img/kg mg/kg mg/kg
GROUPS

Figure 21 Protein Sk2 vs p-Actin Treated by THMQ
Numerical results were evaluated using variance analysis (ANOVA),
subsequently followed by Tukey’s method for post hoc multiple group
comparison. Findings are displayed as average values + standard deviation (n =
6). Significance thresholds were interpreted as follows: ***P <0.001, *P < 0.05,

and **P <0.01, in comparison with the untreated Control group.
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Figure 22 Protein Sk2 vs B-Actin Treated by DVPX
Numerical results were evaluated using variance analysis (ANOVA),
subsequently followed by Tukey’s method for post hoc multiple group
comparison. Findings are displayed as average values + standard deviation (n =
6). Significance thresholds were interpreted as follows: ***P < 0.001, *P < 0.05,

and **P <0.01, in comparison with the untreated Control group.

84



Results

0.08 1
0.07 A
0.06 -
2
O
< 0.05 -
m
e
& 0.04
£
A~
< 0.03
[~
o
“0.02 A
0.01 A
O T T T T T T T T 1
Vehicle Control ~ Negative Alcohol + Alcohol +  Alcohol+DVPX  Alcohol +  Alcohol+DVPX  Alcohol+ Alcohol+
Control Diazepam THMQ 20 30mg/kg THMQ 20 30mg/kg+ THMQ 20 THMQ 20
1mg/kg mg/kg mg/kg + Diazepam mg/kg + DVPX mg/kg + DVPX
Diazepam 1mg/kg 30 mg/kg 30 mg/kg +
Img/kg 1mg/kg
Diazepam
GROUPS

Figure 23 Protein Sk2 vs B-Actin Treated by THMQ, DVPX vs Diazepam
Numerical results were evaluated using variance analysis (ANOVA), subsequently followed by Tukey’s method for post hoc multiple
group comparison. Findings are displayed as average values + standard deviation (n = 6). Significance thresholds were interpreted as

follows: ***P < (0.001, *P <0.05, and **P < 0.01, in comparison with the untreated Control group.
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Figure 24 Protein Glu- A1 vs p-Actin Treated by THMQ
Numerical results were evaluated using variance analysis (ANOVA),
subsequently followed by Tukey’s method for post hoc multiple group
comparison. Findings are displayed as average values + standard deviation (n =
6). Significance thresholds were interpreted as follows: ***P < 0.001, *P < 0.05,

and **P <0.01, in comparison with the untreated Control group.
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Figure 25 Protein Glu- A1 vs B-Actin Treated by DVPX
Numerical results were evaluated using variance analysis (ANOVA),
subsequently followed by Tukey’s method for post hoc multiple group
comparison. Findings are displayed as average values + standard deviation (n =
6). Significance thresholds were interpreted as follows: ***P < 0.001, *P < 0.05,

and **P < 0.01, in comparison with the untreated Control group.
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Figure 26 Protein Glu- A1 vs B-Actin Treated by THMQ, DVPX vs Diazepam

Numerical results were evaluated using variance analysis (ANOVA), subsequently followed by Tukey’s method for post hoc

multiple group comparison. Findings are displayed as average values + standard deviation (n = 6). Significance thresholds were

interpreted as follows: ***P < 0.001, *P < 0.05, and **P < 0.01, in comparison with the untreated Control group.
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No significant difference was observed in protein Sk2 and Glu A1 vs B-Actin.

&9



Discussion

Discussion

The present study investigated the effects of combined pharmacological
treatments Alcohol + Diazepam, Alcohol + THMQ, and Alcohol + DVPX—on
behavioral and physiological outcomes in an experimental model. These treatments
were selected to explore how different neuroactive drug combinations modulate
behavioral patterns and neurobiological markers. As reported by Hedrich & Bullock
(2004), alterations in neural activity are closely associated with changes in synaptic

plasticity, making this an important area of investigation.

To evaluate molecular correlates of these behavioral effects, GluAl (an AMPA
receptor subunit) and SK channels (small-conductance calcium-activated potassium
channels) were assessed using Western blot analysis. Although behavior was
significantly altered across treatment groups, no measurable differences were observed
in GluA1l or SK protein expression. While initially unexpected, this finding suggests
that the behavioral effects induced by the treatments may involve alternative or parallel

molecular pathways rather than direct modulation of these proteins.

The primary objective of the study was to assess behavioral responses following
administration of Alcohol + Diazepam, Alcohol + THMQ, and Alcohol + DVPX across
multiple time points (Day 7, Day 14, Day 21, and Day 28), allowing both short-term
and progressive effects to be captured (Xiao et al.,, 2018). Clear and consistent
differences were observed between the Vehicle Control and Negative Control groups
throughout the study, demonstrating that the experimental conditions themselves
produced significant behavioral alterations. These differences often at ***p < 0.001
confirm the robustness of the model and support the validity of the study design
(Mansour et al., 2002).

Pharmacological treatments produced distinct behavioral modifications when
compared to the Negative Control, particularly in groups receiving Alcohol + Diazepam
1 mg/kg, Alcohol + THMQ 20 mg/kg, Alcohol + THMQ 40 mg/kg, and Alcohol +
DVPX 30 mg/kg. Comparisons between Alcohol + Diazepam 1 mg/kg and Alcohol +
THMQ 20 mg/kg revealed highly significant differences (" p < 0.001), indicating
that the two compounds exerted different pharmacological influences. Diazepam,

known for its sedative and anxiolytic actions mediated through GABAergic
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modulation, predictably altered central inhibition (Woo et al., 2012). THMQ, with
reported neuroprotective potential, may act through different neurochemical pathways,

producing distinct behavioral outcomes.

Synergistic interactions were also observed, particularly in the Alcohol + Diazepam 1
mg/kg + DVPX 30 mg/kg combination, which produced pronounced effects ($$$ p <
0.001). These findings highlight the importance of assessing pharmacodynamic
interactions, as combined treatments may exhibit synergistic or antagonistic properties

that differ significantly from the effects of individual drugs.

Western blot analyses further examined GluAl and SK channel expression,
both of which are integral to neuronal excitability and synaptic plasticity (Jakaria et al.,
2018). Despite clear behavioral alterations, no significant changes were detected in
these protein levels. Several explanations are plausible. First, the evaluated drugs may
not directly modulate pathways governing GluA1 or SK expression (Aquib et al., 2014).
Diazepam acts primarily on GABA-A receptors, whereas THMQ and DVPX may
engage alternative neurochemical systems. Second, time-dependent protein regulation
may not have been captured within the sampling windows (Xiao et al., 2018). Longer
exposure or later time points may be required to detect molecular changes. Finally, the
behavioral effects may involve other systems dopaminergic, serotonergic, or adrenergic
pathways which were not assessed but may account for the observed outcomes (Ruby

B et al., 2012).

The absence of detectable GluA1 and SK modulation does not diminish the
value of the findings. Instead, it underscores the complexity of neuropharmacological
mechanisms and the need to examine broader molecular networks. As Haque et al.
(2021) suggest, multidrug interactions may involve extensive signaling cascades not
easily captured by isolated protein assays. Future studies employing transcriptomic or
proteomic approaches may provide a more comprehensive understanding of these

processes.

The progressive divergence between Vehicle Control and Negative Control
groups by Day 28 further emphasizes the importance of longitudinal research (Kurhe
et al.,, 2014). Time-dependent behavioral and physiological alterations suggest that

chronic drug exposure may lead to delayed or cumulative neurobiological changes not
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immediately reflected in the molecular markers assessed.

Overall, this study provides important insights into the behavioral consequences
of Alcohol combined with Diazepam, THMQ, and DVPX. While GluAl and SK
protein expression remained unchanged, the significant behavioral alterations indicate
that these treatments influence neural function through other molecular pathways.
These findings highlight the complexity of drug interactions and underscore the need
for broader, multidimensional analyses in future research. Continued exploration may
help clarify how these pharmacological combinations affect brain function and

contribute to their potential therapeutic applications.
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Conclusion

This study investigated the behavioral and physiological effects of combined
pharmacological treatments Alcohol + Diazepam, Alcohol + THMQ, and Alcohol +
DVPX across four experimental intervals (Day 7, Day 14, Day 21, and Day 28).
Behavioral assessments were accompanied by Western blot analysis of GluAl, a
subunit of the AMPA receptor involved in excitatory neurotransmission, and SK
channels, which regulate calcium-activated potassium currents. B-actin served as the

internal loading control to ensure accurate protein quantification.

Across all behavioral parameters, consistent and statistically significant
differences were observed between the Vehicle Control and Negative Control groups
(***p < 0.001). The Vehicle Control group provided a stable baseline, while the
Negative Control reflected the impact of experimental stress or alcohol exposure,
thereby validating the model. These persistent differences throughout the study period
confirm that the experimental conditions exerted strong and progressive physiological

effects.

Marked differences were also observed between the Negative Control and the
treatment groups including Alcohol + Diazepam 1 mg/kg, Alcohol + THMQ 20 mg/kg,
Alcohol + THMQ 40 mg/kg, and Alcohol + DVPX 30 mg/kg (## p < 0.001)
demonstrating that each pharmacological intervention significantly altered behavioral
outcomes. Of particular importance were the highly significant distinctions between
Alcohol + Diazepam and Alcohol + THMQ treatments (*** p < 0.001), reflecting the
differing pharmacological actions of Diazepam, a GABAergic modulator, and THMQ,

which likely exerts neuroprotective or neuromodulatory effects.

A strong interaction was also evident in the Alcohol + Diazepam + DVPX group
($8$ p < 0.001), suggesting a synergistic influence when DVPX was combined with
Diazepam. This highlights the complexity of multi-drug interactions and supports the

need for further investigation into their combined pharmacodynamics.

By Day 28, the separation between Vehicle Control and Negative Control
remained significant (***p < 0.001), demonstrating that treatment effects were not only

immediate but cumulative over time. These findings underscore the value of
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longitudinal assessment for understanding the temporal progression of drug-induced

behavioral changes.

Despite these robust behavioral outcomes, Western blot analysis did not reveal
significant alterations in GluA1 or SK protein expression across treatment groups. This
indicates that the behavioral differences observed may not be mediated through changes
in these specific synaptic proteins. Instead, the treatments may act through other
neurotransmitter systems such as GABAergic, dopaminergic, or serotonergic pathways
or through intracellular signaling cascades that were not evaluated in the present study.
It is also possible that molecular changes occur at time points not captured by the

sampling schedule or involve protein families beyond GluA1 and SK.

Overall, the findings support the conclusion that Alcohol in combination with
Diazepam, THMQ, or DVPX produces pronounced behavioral alterations through
mechanisms that may extend beyond GluA1 or SK channel modulation. These results
highlight the complexity of pharmacological interactions and emphasize the need for
broader molecular analyses, including the evaluation of additional biomarkers and
signaling pathways. Continued research in this direction may help clarify the
mechanisms through which these compounds influence brain function and contribute

to their potential therapeutic or clinical applications.
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ABSTRACT

Almi/Background: The alm Is to evaluste THMO's Impact on dlcohol withdrawal and aloobhol
craving using am animal model. Mice wers expossd 1o Increasing ethanol doses to simulate
dependency. Researchers assessed anodety levels withdrawal using behavioural and
blochesmical tests. THMG was administered orally at 20 mg/kn and 40 mgskg, compared to
diazepam (1 mgAg). Materials and Methods: Modal Creation Mice recetved escalating ethanol
doses (5% to 2506 vAv) ower specific days. Regular water was gheen during withdrawal perlods.
Assessment Tooks Hevated Plus Mazs (EPM). Elevated Zero Maze (EZM), Open Fleld Test (0FT).
and Westarn Blot analysts. Treatment interventlon: THMWO (20 ma kg and 40 magko) vs. diarepam
{1 mg/ko). Results and Conchuston: THMO-reated group showed reduced anaety and alcohol
desira. Akcohol consumption dedeased In THWO-treated mice. Mo changes In Glual and sk2
proten levels. THMO holds promitse as 3 remedy for alcohol cravings and withdrawal symptoms

Keywords: Alcohol Craving, Alcohol Withdrawal, Thymoguinans, Westam blot, Open Fleld Test.

Rcabved: 77-D6-2024;
Rewisad: 72-08-202&

Arcaptad: 14-11-2024

INTRODUCTION

Alcohol s considered the most widely abused substances globally
due to lts propensity for inducing tolerance and dependency
with extended wsage, observed In both antmals and humans.
Foar the context hereln, “alcohol” pertains specifically te ethanod
(CHOH), as #t 15 the predominant type employed In the
concoction of aloohollc beverages.” Alcohols emit an aroma
often delineated as “pungent” and "persistent” in the nasal cavity.’

Alcohol dependence denotes a state of substance misuse wherein
an individual develops 2 tolerance to alcobol and persists n
consumption desplie adverse outcomes. For a2 dlagnosis of
alcohol dependence, a mintmum of three out of seven spectfied
symploms must mantfest conslstently over a durstion of at least
one year* These symploms encompass consuming more aboohol
than Imtended, experiencing prolonged Intoxication beyond
anficipated durations, atiempting unswocessfully to curtal
consumption, dedicating significant time to obtaining slcobol or
recovering from its effects, and diminishing engzgement in social,
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professtonal, and letsure pursilts as a consequence of excessive
aloohad uszge.®

The alcohol withdrawal syndrome encompasses a constellation
of distressing piysical and psychological manifestations that
may artse when an individual abrnpily discontinues aloohol
consumption. Symploms can vary from subtie tremors o severs
manifestations ke hallucinations and selzures. Repeated eplsodes
of withdrawal can contribute to the development of alcoholism and
bead to adverse health ramifications. A deeper understanding of
the genetic and physicdogical underpinnings of alcohollsm holds
promitse for the advancement of efficacious trestments targeting
withdrawal and other facets of the disorder™ Withdrawal, a
pivotal stage In the newral modulation cycle iInduced by alochol,
& a tanglble phenomenon. Evidence suggests that acute aloohol
intake can perturb the release of newrotransmitters and disrupt
the functioning of neuronal membrane proteins, Inchuding
receplor protelns binding newrotransmitters and lon channels
facilitating lon infhe (e g sodium orcalctum *Orver time, the brain
acclimates to alcohol, thereby diminishing #s once-disrupbive
effects a phenomenon kpown as tolerance. Prolonged heavy
drinking may potentially alter the striscture and function of
brain neurons to the extent that they require alcohol to maintain
normal function, a condition termed ph]rsjca.] d:pendﬂte_
Abrupt cessation of alcohol Intake among heavy drinkers may
precipiiate rebound hyperexcitability, colloguially referred to as

m
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