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Abstract

Ethanol-induced hepatotoxicity is a significant clinical and public health concern

due to oxidative stress, immune dysfunction, and persistent chronic inflammation

that sustain liver injury. Cyclooxygenase-2 (COX-2) is an important mediator

of liver inflammation through the formation of pro-inflammatory prostaglandins

and activation of NF-κB. Etoricoxib selective COX-2 inhibitor offers a therapeutic

modality that has no gastrointestinal side-effects. In this study, we examined the

hepatoprotective effects of etoricoxib compared to ibuprofen, a non-selective COX

inhibitor, in an animal model of ethanol-induced hepatotoxicity. Hepatotoxicity was

induced with ethanol 20% v/v (5 g/kg), i.p. for 9 consecutive days. The treatment

groups received low dose etoricoxib (25 mg/kg), high dose etoricoxib (50 mg/kg),

ibuprofen (50 mg/kg) for 9 days. Upon completion of the treatment period blood

samples were taken and liver injury was assessed with biochemical measures of ALT,

AST, and protein content (BCA assay) as well as pro-inflammatory cytokines TNF-

α using ELISA. The results from the follow up blood sample analysis following the

completion of the ethanol protocol demonstrated significantly increased serum levels

of ALT, AST and TNF-α in the mice that were challenged with ethanol alone, indi-

cating acute liver injury. In regards to etoricoxib (50 mg/kg) treatment had signif-

icantly reduced liver damage markers compared to both etoricoxib (25 mg/kg) and

ibuprofen treatments (p< 0.05). Additionally, molecular docking analysis demon-

strated strong binding affinities of etoricoxib to pro-inflammatory targets; COX-2

(-10.5 kcal/mol), TNF-α (-9.2 kcal/mol), and NF-κB (-8.7 kcal/mol), suggesting

a multi-target mechanism underlying its anti-inflammatory and hepatoprotective

actions. These findings collectively demonstrate that etoricoxib, particularly at a

dose of (50 mg/kg), offers significant protection against ethanol-induced liver in-

jury through attenuation of oxidative stress and inflammation, outperforming both

the lower dose of etoricoxib and ibuprofen. This highlights its potential as a safer

and more effective alternative for managing ethanol-related hepatic inflammation.

These preliminary findings suggest that etoricoxib could potentially be used to treat

ethanol-induced liver injury.
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Chapter 1

Introduction

1.1 Background

The liver is the largest internal gland and one of the most vital organs in the human

body, performing a wide range of physiological functions necessary for sustaining

life [1, 2]. As the body’s primary metabolic hub, it has ability to detoxify vari-

ous metabolites. Liver play significant role in metabolism, detoxification, digestion,

and immune system defense [3].The liver has a key role in regulating immunity

and is home to resident macrophages and specialized immune cells called Kupf-

fer cells that are needed for removing debris and infection from the bloodstream

[4, 5]. Liver is able to serve as a first line defense against pathogens and toxins

ingested due to its position between the gastrointestinal tract and the systemic cir-

culation [6]. The liver is vulnerable to damage due to prolonged exposure to toxic

chemicals such as alcoholdrug and industrial toxins. Chronic alcohol consumption

can lead to conditions ranging from steatosis to alcoholic hepatitis cirrhosis and

liver failure. Toxic substances cause direct hepatocellular injury, oxidative stress,

inflammation and disrupt mitochondrial function, all of which impair liver health

and performance [7]. Long-term or repeated exposure to such substances over-

whelms the liver’s detoxification systems, leads to the buildup of reactive oxygen

species (ROS), oxidative damage to lipids, activation of inflammatory pathways,

and ultimately, cellular death [8].

1
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The liver biochemical markers considered to be the most sensitive and specific to

liver injury, are Alanine aminotransferase (ALT) and aspartate aminotransferase

(AST). ALT is a cytosolic enzyme located in hepatocytes and is thus more liver

specific than AST. An elevation of ALT in serum is reflective of hepatocellular

injury of, especially due to hepatotoxic materials and liver inflammation [9].

1.2 Ethanol as Hepatotoxic Agent

Ethanol exists as a colorless and volatile liquid with the molecular formula C2H5OH

[10]. Ethanol rank among most widely abused psychoactive substances worldwide

[11]. Ethanol is a widely used substance with significant physiological, medical, and

social implications. Excessive ethanol intake is a major global public health concern,

a well-established contributor to early-onset disease and increased mortality [12].

As per the World Health Organization, alcohol-related liver diseases are among the

most damaging and lethal effects of alcohol abuse, particularly in groups with high

and prolonged use.

Chronic and excessive ethanol consumption has severe implications on multiple or-

gan systems, but ethanol metabolize in liver, rendering it highly susceptible to dam-

age [13]. Ethanol is a small, amphiphilic molecule metabolized almost exclusively

in the liver. Long-term ethanol consumption results in significant hepatocellular

toxicity as a result of the accumulation of metabolites and production of ROS [14].

Ethanol induced liver injury has a characteristically orderly progression ranging

from steatosis to alcoholic hepatitis to cirrhosis, fibrosis and hepatotoxicity [15].

1.3 Pathophysiology of Liver Damage

1.3.1 Hepatic Steatosis

Hepatic steatosis is characterized by lipids, predominantly triglycerides, phospho-

lipids and cholesterol esters, accumulating in perivenular hepatocytes; it may later

progress into the periportal region of the liver [16]. Ethanol is absorbed from the

jejunum and small amounts of fat are also absorbed from the mouth, esophageal,
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gastric, and large intestine mucosal membranes. Ethanol consumption, enhance the

transport of fats from peripheral adipose tissue to the liver while simultaneously

impairing fat export from the liver. The metabolism of ethanol alters the cellu-

lar NAD+/NADH ratio toward a more reduced state in hepatocytes, inhibits fatty

acid oxidation, lead to the subsequent accumulation of lipids and the development

of hepatic steatosis. Ethanol metabolism elevates the NADH/NAD+ ratio, which

inhibits gluconeogenesis and fatty acid oxidation [16]. Ethanol-induced liver injury

can evolve from steatohepatitis to fibrosis and cirrhosis, heightening the risk of fatal

hepatic failure [17].

1.3.2 Alcoholic Hepatitis

Alcoholic hepatitis (AH) is marked by a decline in liver function, often presenting

with symptoms like jaundice and portal hypertension. Characteristics of alcoholic

hepatitis include severe steatohepatitis, jaundice, cholestatic liver injury, and a

reduced ability for the liver to regenerate, all of which contribute to its notably

high mortality rate. The inflammation in the liver caused by excessive ethanol

intake is defined by damage to liver cells, by an influx of inflammatory cells, par-

ticularly polymorphonuclear leukocytes [18]. Polymorphonuclear leukocytes release

pro-inflammatory cytokines tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-

6), and interleukin-1β (IL-1β) in response to endotoxins that arise from increased

gut permeability. The activity of CYP2E1 and mitochondrial dysfunction lead to

the buildup of ROS, which worsen cellular damage and fuel inflammation [19, 20].

1.3.3 Hepatic Fibrosis

Liver fibrosis is a vascular and inherently dynamic disease process arising from

the progressive deposition of extracellular matrix (ECM) proteins with subsequent

structural disorganization and functional architecture that impairs the liver. The

main cells drive, this process are hepatic stellate cells (HSCs), which undergo a

phenotypic switch into myofibroblasts-like cells when they are activated by liver

damage. In activated HSCs, proliferation, contractile, and fibrogenic properties
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drive excess production of ECM proteins, especially type I collagen, major fibril-

lar collagen component of fibrotic liver tissues. An overproduction of ECM forms

fibrotic parenchyma, largely replacing hepatocytic function and liver parenchyma

stiffness. Specifically, PDGF-β receptor was identified as a key signal mediator of

proliferation and migration in response to injury. Fibronectin is an ECM glyco-

protein that is deposited early and promotes fibrosis by enhancing cell interaction

with ECM during an injured, healing liver process. Alpha-Smooth Muscle Actin

(α-SMA), the most distinguishing signature of myofibroblasts differentiation and

indicates the contractile, synthetic phenotype of activated HSCs [21].

Figure 1.1: Hepatic fibrosis progression leads to chronic liver cirrhosis.

The above figure shows schematic representation of the pathological evolution of

hepatic fibrosis into cirrhosis. The figure depicts the stages of liver injury, such

as collagen deposition, nodular formation, and architectural distortion, which can
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lead to cirrhosis in a ”de-facto” irreversible course. There are several features of

cirrhosis, including bridging fibrosis, regenerative nodules, and portal hypertension.

1.3.4 Liver Cirrhosis

Liver cirrhosis involves destruction of the liver parenchyma, often due to excessive

alcohol consumption. It is a common condition characterized by fibrosis of the tissue

and conversion of the liver’s normal architecture into abnormal nodular formations.

[22]. Cirrhosis of the liver is a disease that induces many irreversible morphological

alterations, such as systemic fibrosis, regenerative nodules (altered hepatocytes),

loss of normal lobular architecture, and abnormal anatomical vascular connections

between the portal vein and hepatic artery.

Other structural factors such as sinusoidal capillarization, perisinusoidal fibrosis,

thrombosis, obliterative vascular lesions disrupt blood flow to the parenchyma caus-

ing parenchymal hypoxia and liver dysfunction. The process of chronic necroinflam-

mation induces the process of progressive fibrosis results in the activation of HSCs

and a transition to myofibroblast-like cells.

These phenomena along with the excessive and dysregulated production of ma-

trix metalloproteinase (MMPs) by activated HSCs overwhelm systemic synthesis of

ECM components such as fibrillar collagens. In addition to HSC-related changes,

Kupffer cells and invasive immune cells (monocytes and neutrophils), which also

release large amounts of proinflammatory mediators causing destructive damage,

inflammation, and fibrotic remodeling [23].

1.3.5 Hepatotoxicity

Ethanol induces liver damage mainly by disrupting redox balance due to excess

NADH generation, during its breakdown via the alcohol dehydrogenase pathway.

Additionally, it impairs the metabolism of key biomolecules, including lipids, car-

bohydrates, proteins, and purines.
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1.3.5.1 Acute Ethanol Hepatotoxicity

Acute ethanol hepatotoxicity occurs when excess ethanol is consumed at a rate

greater than the liver can process and eliminate, leading to accumulation of ethanol

and its metabolites in the blood stream.

Intoxication is the result of this accumulation, and the signs and symptoms of

acute alcohol intoxication vary from mild impairment of mental status, ataxia,

and coordination and impairment of coordination to serious complications such as

stupor, respiratory depression, or coma.

Alcohol amplifies CNS inhibition and decreases excitatory signals by working on

gamma-amino butyric acid (GABA) receptors, which are the major CNS inhibitory

chemicals [24].

1.3.5.2 Sub-acute Ethanol Toxicity

Sub-acute ethanol toxicity is liver damage due to repeated ingestion of excessive

doses of ethanol over several days to weeks. It is not life-threatening as acute

toxicity in that it causes cumulative physiological impairment. This change begins

to interfere with organ function, including the liver, immune system, intestinal tract,

metabolism in liver [25].

1.4 Ethanol Metabolism

In liver ethanol processes through number of key biochemical and enzymatic path-

ways including alcohol dehydrogenases (ADH), cytochrome P450 enzymes, the mi-

crosomal ethanol oxidizing system (MEOS), aldehyde dehydrogenases (ALDH) and

catalase (CAT). Alcohol dehydrogenase class I (ADH1) is the principal enzyme re-

sponsible for ethanol metabolism. ADH1 accounts for approximately 80% of the

ethanol metabolic rate with the remaining 20% attributed to non-ADH1 pathways

[26].
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1.4.1 Alcohol Deydrogenase

Ethanol metabolism is largely mediated by multiple isoforms of cytosolic alcohol

dehydrogenases (ADHs). ADHs are zinc-dependent enzymes that facilitate the

reversible conversion of primary and secondary alcohols into corresponding alde-

hydes and ketones. These ADHs are classified within the medium-chain dehy-

drogenase/reductase (MDR) superfamily, which catalyzes the oxidation of simple

alcohols methanol and ethanol, into their respective aldehydes, formaldehyde and

acetaldehyde, while reducing NAD+ to NADH [27]. ADHs participate in endoge-

nous processes, such as the dehydrogenation of hydroxysteroids, the oxidation of

intermediary alcohols, and the Omega-oxidation of fatty acid [26].

The catalytic cycle of ADH consists of several steps in ethanol oxidation.

Figure 1.2: Ethanol metabolism by ADH cyclic pathway.

The above figure shows catalytic cycle of ADH-catalyzed oxidation of ethanol to

acetaldehyde, reduction of NAD+ to NADH.
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The cyclical pathway highlights the contribution of zinc ions (Zn2+) in the active

site and that the reaction is reversible leading to redox imbalance in hepatocytes.

ADH catalyzes the oxidation of ethanol to acetaldehyde through a well-orchestrated

catalytic cycle involving the coenzyme NAD+ and a zinc ion (Zn2+) at the active

site. The catalytic Zn2+ ion plays an important role by stimulating the depro-

tonation of the alcohol and accelerating the transfer of hydride to NAD+ during

dehydrogenation.

In the reverse reaction (hydrogenation) Zn2+ increases the electrophilicity of the

carbonyl carbon of aldehydes or ketones and allows for the conversion back to

alcohols.

1.4.2 Cytochrome-P450 CYP2E1 Enzyme

A second major pathway of ethanol metabolism, the cytochrome P450 2E1 (CYP-

2E1) pathway is the second major route of ethanol metabolism. This enzyme is

predominantly expressed in the liver, particularly within the smooth endoplasmic

reticulum of center lobular hepatocytes.

During CYP2E1 mediated ethanol metabolism, an unstable gem-diol intermediate

forms and spontaneously breaks down into acetaldehyde. ROS generation, including

the 1-hydroxyethyl radical, which contributes to oxidative stress.

ROS produced superoxide anion and hydrogen peroxide [28]. These ROS can further

interact with transition metals (Fe2+, Cu+) via Fenton-like reactions, yielding highly

reactive hydroxyl radicals.

Ethanol derived radicals, such as the hydroxyethyl radicals, form through one-

electron oxidation of ethanol by superoxide at the CYP2E1 catalytic site. This

reaction involves the ferric cytochrome P450-oxygen complex, further amplifying

oxidative stress [29].
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1.4.3 Aldehyde Dehydrogenase

Acetaldehyde dehydrogenase (ALDs) converts acetaldehyde to acetate. These en-

zymes use NAD+ as a cofactor during the oxidization of acetaldehyde. ADH isoen-

zymes play role in elimination of acetaldehyde, and also involve in detoxification of

lipid peroxidation byproduct such as 4-hydroxynonenal (4-HNE) during oxidative

stress [30].

1.4.4 Catalase

Catalases oxidize ethanol to acetaldehyde in H2O2-dependent manner. Catalases

are considered as a minor pathway for ethanol metabolism. Catalase activity is

dependent on the cellular concentration of H2O2. Under oxidative stress conditions,

where H2O2 production is elevated, the capacity of catalases to metabolize ethanol

may be enhanced [31].

1.5 Ethanol Induced ROS Production

The formation of ROS from the re-oxidation of NADH to NAD+ in the mitochondria

promotes liver injury from two mechanisms; oxidative damage, and indirect stimu-

lation of lipid accumulation [32]. When hepatocyte injury occurs, these hepatocytes

release DAMPs, several cytokines, and chemokines that lead to the recruitment and

activation of innate immune cells specifically macrophages and neutrophils. Once

activated, these cells accelerate the ROS formation primarily by NADPH oxidase

(NOX). NOX is a multi-subunit enzyme complex that turns oxygen into superoxide

as it uses NADPH as an electron donor [33].

ROS are highly reactive and can damage cellular components, including lipids, pro-

teins, and nucleic acids. ROS react with lipids initiate lipid peroxidation, producing

reactive aldehydes such as 4-hydroxynonenal (4-HNE) and MDA. Reactive aldehy-

des formed during metabolism of ethanol will form protein adducts, which can serve

as neoantigens, and engage adaptive immune responses using T and B lymphocytes.
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ROS are released from damaged hepatocytes, which can activate inflammatory cells

to further drive inflammation and create a vicious cycle of oxidative stress through

ROS and reactive nitrogen species (RNS), such as peroxynitrite (ONOO−) and

nitric oxide (NO), production before, and after injury by the inflammasome [34].

The liver resident macrophages, Kupffer cells (KCs) contribute to hepatic inflamma-

tion by secreting proinflammatory cytokines and chemokines. The released factors

can recruit and mediate inflammation in circulating monocytes and macrophages

[34].

ROS generated by NOX in activated macrophages signal through nuclear factor-

kappa B (NF-κB) to drive TNF-α production in Kupffer cells [35]. Lipopolysaccha-

ride (LPS) will bind to CD14 receptors on Kupffer cells, which can activate NF-κB

and increase transcription of proinflammatory mediators TNF-α, COX-2, IL-6, and

transforming growth factor-beta (TGF-β). These cytokines are key mediators in

cholestasis and acute-phase protein synthesis. LPS and other inflammatory signals

will initiate and rapidly activate the expression of inducible nitric oxide synthase

(iNOS) and cyclooxygenase-2 (COX-2).

Cells that express both inducible prostaglandin endoperoxide synthase (PGHS)

and nitric oxide synthase (NOS), nitric oxide (NO), potentiate the formation of

prostaglandins. NF-κB involved in the induction of COX-2 expression in response

to LPS stimulation in macrophages [36]. Oxidative stress is further amplified by the

depletion of reduced glutathione (GSH), a critical antioxidant. ROS also sensitize

Kupffer cells to LPS, which enhances TNF-α production. LPS binds to the CD14

receptor on Kupffer cells and activates NF-κB, which increases the transcription of

several proinflammatory cytokines, including TNF-α, IL-6, and TGF-β.

The above figure shows mechanistic diagram of the ethanol-induced mitochondrial

dysfunction. Increased reactive oxygen species (ROS) generation by CYP2E1 and

impaired electron transport chain (ETC) function are critical components with

major player’s superoxide (O2·−), hydrogen peroxide (H2O2), and hydroxyl radicals

(HO·) causing lipid peroxidation and cellular injury.
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Figure 1.3: Ethanol metabolism elevates mitochondrial ROS, causing oxidative
stress.

1.6 Cyclooxygenase-2 Pathway

NF-kB up regulates COX-2 and leads to the biosynthesis of prostaglandin E2 (PGE

2 ). This PGE 2 is a damaging amplifier and it can mobilize inflammatory cells

and they can be activated to play a part in fibrosis and it will help sustain liver

damages. COX-selective 2 inhibition interferes with biosynthesis of PGE 2 lead-

ing to inhibition of this harmful inflammatory-fibrotic cascade. More importantly,

it does so without removing the protective roles of COX-1, like the preservation

of integrity of gastric mucosa.Cyclooxygenase (COX) enzymes catalyze the rate-

limiting step of the bioactive prostaglandins (PGs), formation from arachidonic

acid (AA). COX-2 is responsible for the formation of the pro-inflammatory PG,

prostaglandin E2 (PGE2), by oxidizing AA. PGE2 is then transported intracellu-

lar by the prostaglandin transporter (PGT) and signaling is initiated through the

activation of EP2 and EP4 receptors leading to downstream cAMP signaling. This

signaling pathway mediates inflammation, pain sensation, cell growth and tissue

injury [37]. Selective inhibition of COX-2 represents a viable strategy to attenuate

inflammation while minimizing gastrointestinal adverse effects commonly associated

with non-selective NSAIDs.
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Figure 1.4: Ethanol metabolism and ROS production leads to inflammation.

The above figure shows illustrating ethanol metabolism leading to NF-κB activation,

pro-inflammatory cytokine release (TNF-α, IL-6, COX-2). The figure emphasizes

ROS-mediated Kupffer cell activation, DAMP release and recruitment of various

immune cells to continue the chronic hepatic inflammatory response.

1.7 COX-2 as a Therapeutic Target

COX-2 induction by ethanol-derived ROS and NF-κB leads to excessive PGE2,

which recruits neutrophils, activates HSCs, and sustains cytokine release. Selective

COX-2 inhibition (by etoricoxib) interrupts this loop without disrupting COX-1-

mediated mucosal protection, offering a safer alternative to non-selective NSAIDs.

Etoricoxib was chosen because it is highly selective to COX-2, has a long half-

life and established the anti-inflammatory effect having little gastrointestinal side

effects. This its capability of reducing NF-κB and TNF-α signaling further evi-

dences its role as a hepatoprotective agent in disposal of injury incurred by the use

of ethanol. Etoricoxib is a highly selective, second-generation, COX-2 inhibitor.

It exert its anti-inflammatory, analgesic, and anti-fibrotic properties by blocking

PGE2 synthesis and down regulating NF-κB-mediated cytokine expression [38].

Etoricoxib selective COX-2 inhibitor and ibuprofen as non-selective cyclooxygenase

(COX-) inhibitor used as hepatoprotective agent, in mice model of ethanol induces

hepatotoxicity. Etoricoxib, offers a promising pharmacological profile by targeting
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inflammation while preserving COX-1-mediated protective functions. Its ability to

reduce prostaglandin E2 synthesis suggests potential in curbing ethanol-induced

inflammatory responses without eliciting significant off-target toxicity [39].

1.8 Therapeutic Role of Ibuprofen

Ibuprofen is non-selective COX-1 and COX-2 inhibitor. It inhibits prostaglandin

production [40]. Ibuprofen is a traditional nonsteroidal anti-inflammatory drug

commonly used for its analgesic, anti-inflammatory, and antipyretic properties.

Ibuprofen used to relieve minor pain and inflammation, like headache, muscular

aches, toothache, fever, backache, and dysmenorrhea. Ibuprofen has a wide ther-

apeutic window, range for its analgesic, antipyretic, and anti-inflammatory effects

(∼10–50 mg/l) [40].

In this context, the present study was designed to evaluate the hepatoprotective po-

tential of etoricoxib in a mice model of ethanol-induced hepatotoxicity. Biochemical

markers ALT, AST, TNF-α, and histopathological observations were assessed. This

research aimed to determine the extent to which etoricoxib can modulate oxida-

tive stress and inflammatory pathways in ethanol-exposed liver tissue by inhibiting

COX-2. The study seeks to provide a mechanistic foundation for the therapeutic

use of COX-2 inhibitors in the prevention and management of ethanol-related liver

disease, potentially paving the way for safer and more targeted interventions in

hepatic inflammation.



Chapter 2

Literature Review

2.1 Introduction

This chapter aims to offer a thorough overview of the mechanisms responsible for

alcohol-induced damage to the liver. Considering the oxidative stress, inflammatory

mechanisms, and COX-2-linked mechanisms that lead to liver injury. Explaining

the pathophysiological consequences of ethanol metabolism and pro-inflammatory

mediators that promote hepatic damage. This involve the pharmacological arma-

mentarium of etoricoxib and its potential usage as a therapeutic agent to prevent

liver injury secondary to ethanol. Understanding these mechanisms will also help

in providing a rational basis for the consideration of etoricoxib as hepatoprotective.

Alcohol is the world’s most widely abused psychomotor drug, and its excessive con-

sumption is linked to numerous degenerative and inflammatory conditions affecting

multiple organs, including the liver, brain, heart, kidneys, skeletal muscles, and pan-

creas. Ethanol is metabolized in the liver mainly by ADH, MEOS yielding more

ROS and oxidative-stressed hepatic cells. The interrelationship between fatty acid

oxidation and ethanol metabolism plays a major role in the development of hepatic

steatosis and injury. In 80% of unselected heavy drinkers who consume an excess of

80g of alcohol a day have higher chances of AFLD. Cirrhosis results in 1.32 million

deaths every year, making it the 11th leading cause of death worldwide [41].

14
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Studies using gramicidin A-based fluorescence assays demonstrate that ethanol al-

ters lipid bilayer properties, reducing membrane fluidity [42]. Evidence from Patel

and his collegues study in 2022 suggests that chronic ethanol consumption affects

gut microbiota, increases intestinal permeability and systemic inflammation. All

of these changes in the gut microbiota and the associated inflammatory process,

along with dysfunctional adipose tissue, abnormal secretion and lipid metabolism,

drive increased liver injury in the ALD [43]. Recent research (Shukla et al., 2021)

has started to identify that chronic stress and elevated corticosterone levels in-

crease alcohol-related gut–liver axis dysfunction due to disruptions of epithelial

tight and adherens junctions, increased gut permeability, increased endotoxemia,

increased systemic and hepatic inflammation, and increased neuroinflammatory re-

sponses [44]. By Yongke Lu and Joseph George study in the 2024, demonstrated

the interrelationship between hepatic fatty acid oxidation and ethanol metabolism,

impairs mitochondrial β-oxidation by generating excess NADH, altering cellular re-

dox status, and inhibiting fatty acid oxidation regulatory enzymes. This metabolic

dysregulation results in hepatic lipid accumulation and steatosis. Further, the loss

of cellular energy homeostasis caused by ethanol metabolism encourages those fatty

acids towards oxidative stress and liver injury. This study describes, findings that

elucidate the multifactorial mechanisms by which chronic ethanol exposure induces

hepatocellular injury, encompassing oxidative stress, mitochondrial dysfunction, im-

paired lipid metabolism, and systemic inflammation [45]. According to (Xu et al.

in 2021), alcohol consumption worsens viral hepatitis B and C by stimulating viral

replication, impairing immunity, and inducing oxidative stress, which hastens the

liver fibrosis, cirrhosis, and hepatocellular carcinoma process [46].

In 2019 Ren et al., study demonstrated that the liver injury and inflammation

inhibit ethanol and acetaldehyde metabolism through the downregulation of key

enzymes in the process of alcohol metabolism. This metabolic inhibition increased

ethanol, acetaldehyde concentrations, and affected the behaviors in alcohol-drinking

mice [47]. Ethanol directly interacts with proteins altering their biological functions,

may be damaged mucous membranes, which disturbs the processes of intestinal ab-

sorption and increases the risk of developing esophageal cancer and gastritis [48].

The research conducted by Mackus et al., in 2020 indicates that ethanol metabolism



Literature Review 16

at a faster rate is associated with milder hangovers, but in general, blood ethanol

levels and acetaldehyde levels were not associated with greater hangover severity,

while delayed oxidative stress and inflammation raised cytokines played a substan-

tial role in hangover pathology [49]. A studies in 2010 established that chronic

ethanol exposure causes mitochondrial dysfunction, chronic production of ROS, ac-

tivation of NF-κB, and ultimately the release of pro-inflammatory mediators such

as TNF-α, IL-1β, and IL-6 [50]. Previous studies have reported that ALD is caused

by the metabolism of ethanol via ADH, CYP2E1, catalase, which causes oxida-

tive stress and alters regulatory factors such as kinases, transcription factors, and

miRNAs (Yan et al. In 2023). This causes mitochondrial stress, ER stress, in-

flammation, fibrosis, and gut-liver axis impairments [51]. Shen, H., et al., in 2025,

emphasize that targeting enzymes that metabolize ethanol, like ALDH2 and ADH,

may be a useful new therapeutic option for alcohol use disorder (AUD). While

disulfiram and genetic approaches are able to reduce alcohol consumption by in-

hibiting ALDH2, caution must exercised to avoid acetaldehyde accumulation and

to evaluate the contribution of acetaldehyde to alcohol-related carcinogenesis [52].

In studies the pathophysiology of ethanol-induced hepatotoxicity, and repeatedly

emphasized the relevance of oxidative stress, mitochondrial dysfunction, and in-

flammatory natures of the process, showed that ROS from ethanol metabolism

directly activate HSCs and subsequently inflammatory processes, initiating fibro-

genic processes. Research conducted by Contreras Zentella et al., in 2022, reviewed

the mechanisms of hepatic ethanol metabolism, that ADH, CYP2E1 (MEOS), and

catalase pathways produce ROS, depleting antioxidant defenses such as glutathione.

This imbalance promotes lipid peroxidation, mitochondrial dysfunction, inflamma-

tion, and steatosis, suggesting that therapeutic interventions should target both

metabolic and antioxidant pathways [28]. Cho and his collegue in 2021, demon-

strated that high dietary fructose triggers a CYP2E1-dependent increase in oxida-

tive and nitrative stress, leading to nitration of intestinal tight and adherens junc-

tion proteins. This results in leaky gut, endotoxemia, hepatic inflammation and

fibrosis, revealing a mechanistic link between fructose intake and liver disease ex-

acerbation [53]. According to published findings of (Liu et al., 2025) demonstrated

that ethanol metabolism via ADH, CYP2E1, and catalase generates oxidative stress
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contributing to AUD pathophysiology through genetic predisposition, inflammatory

cascades, and neurodegeneration, highlighted ongoing clinical trials exploring an-

tioxidant interventions combined with metabolic and genetic targets [54].

Previous studies showed the simultaneous loss of endogenous antioxidant defenses,

increases in TNF-α and IL-1β in livers of mice. It has been demonstrated that more

mechanistically, ethanol’s inhibition of mitochondrial ATP production and electron

transport leads to increased hepatocellular apoptosis (Thomes et al. in 2021) [55].

Together, they suggest ethanol’s multi-faceted toxicity in the liver, reinforcing the

need for more targeted anti-inflammatory and antioxidant treatments. In 2022,

Shams and Eissa published a study, investigating the gastroprotective effects of

quercetin against ethanol-induced gastric ulceration in rats. Their results showed

that quercetin significantly improved the damage to the gastric mucosa by enhanc-

ing the antioxidant defense system by activating the Nrf2/HO-1 pathways, which

are important in relieving oxidative stress.

In addition, quercetin inhibited important inflammatory pathways, including HM-

GB1 / TLR4 / NF-κB, which measurably reduced the pro-inflammatory cytokine

TNF-α. Finally, quercetin inhibited apoptosis by manipulating the Bax/Bcl-2 ratio

towards cell survival. Together these mechanisms explained the gastroprotective

effects of quercetin and indicates the possibility of using quercetin as a therapeutic

against ethanol-induced gastric injury [56].

In 2021 Raish and his collegue, demonstrated that sinapic acid significantly protects

rats from ethanol induced gastric ulcers by activating the Nrf2/HO 1 antioxidant

pathway, inhibiting NF κB–mediated inflammation, reducing oxidative stress and

apoptosis, and improving mucosal integrity outcomes comparable to the standard

drug omeprazole [57].

In 2012 Cederbaum, and Zakhari, demonstrates that excessive ethanol metabolism,

particularly through the CYP2E1 pathway, generates ROS such as superoxide an-

ions, hydrogen peroxide, and hydroxyl radicals. These reactive molecules impair

cellular function by inducing lipid peroxidation, protein modification, and DNA
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damage [58]. Study in 2021, reported ethanol metabolism refers to various path-

ways including oxidative (ADH, ALDH, CYP2E1/MEOS, catalase, AOX/XOR)

and non-oxidative ROS with the gut microbiome also playing an essential role in

ethanol clearance and progression of liver disease [59].

Recent studies have shown that hydroxyethyl radicals can alkylate liver proteins re-

sulting in the production of specific antibodies that mediate immune toxic reactions

in animal models [60]. Study involving C57BL/J mice demonstrated that chronic

consumption of a high-fat diet containing ethanol significantly elevated hepatic iron

levels, leading to increased oxidative damage [61].

Research indicates that, interplay between oxidative stress and inflammation leads

to hepatocyte apoptosis and recruitment of immune cells that exacerbate tissue

damage. This dual mechanism underscores the complexity of ALD [62].

Globally, alcohol-associated liver disease (ALD) leads to significant liver-related

morbidity and mortality. About 80% of chronic heavy drinkers will develop steato-

sis, 10-35% will progress to alcoholic hepatitis, and about 10-15% will develop

cirrhosis [63]. Malik and his collegue study in 2023, demonstrated that geraniol

significantly decreased paw swelling, repaired joint integrity in a rat model of in-

flammatory arthritis, and had equal affinity to methotrexate.

Geraniol also normalized hematological and inflammatory markers TNF α, IL 1β,

CRP, rheumatoid factor, expressed significantly lower COX 2, mPGES 1, PTGDS,

and MMP 1 levels, demonstrating geraniol’s anti-inflammatory and anti-collagenase

effects [64].

Zakiyah and colleagues (2022) wrote a comprehensive review of selective COX-

2 inhibitors (celecoxib, rofecoxib, etoricoxib), which indicated they can inhibit

prostaglandin synthesis through the inhibition of COX-2 and modulating PD-L1/

PGE2, MAPK/PI3K, STAT3, and growth factor pathways involved in inflamma-

tion, tumor immune response, and regulation of oxidative stress [65]. Etoricoxib role

as a selective COX-2 inhibitor that reduces prostaglandin synthesis without signifi-

cantly affecting COX-1 activity. Etoricoxib reduced inflammation, oxidative stress,
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and collagen deposition significantly, indicating potential antifibrotic and hepato-

protective actions. It seemed to exert its effects by inhibiting the COX-2 receptor

and regulating pro-inflammatory pathways in liver damage [66]. Etoricoxib hepato-

protective effects may be attributed to its modulation of oxidative stress markers

and mitochondrial function. Recent evidence suggests that etoricoxib stabilizes

mitochondrial membrane potential, thereby preventing cytochrome-c release and

caspase-3 activation, key mediators of ethanol-induced apoptotic liver injury. The

drug’s ability to inhibit COX-2 also impedes the amplification loop of inflamma-

tion, in which prostaglandins stimulate further cytokine production and leukocyte

infiltration [67]. Recent findings from large-scale clinical trials evaluating newer

COX-2 inhibitors (coxibs), which used ibuprofen as an active comparator, corrobo-

rate previous research demonstrating that ibuprofen provides comparable therapeu-

tic efficacy to both coxibs and conventional NSAIDs [68]. Ibuprofen is commonly

used in the management of numerous inflammatory, musculoskeletal and rheumatic

disorders, because they are highly effective having minimal toxicities [69].

Umoh et al. Study in 2022 evaluated the hepatotoxicity of NSAIDs (piroxicam, di-

clofenac, ibuprofen) applied separately and in combinations in Wistar rats. While

there was only a negligible impairment in the biochemically insensitive liver param-

eters (ALT, AST, bilirubin), histological assessment illustrated congestion of the

portal vein, hepatic bile ducts filled with blood, distortion of the sinusoidal architec-

ture, and degeneration of the hepatocytes, suggesting that either high-dose NSAID

exposure or the combination of NSAIDs can impact liver architecture, despite negli-

gible impairment in standard enzyme assays [70]. Recent resreach showed low-dose

anethole and ibuprofen in rat model reduced inflammation well, by decreased paw

edema, synovial leukocyte infiltration, partially protected against hepatic metabolic

alterations seen with arthritis and NSAID use. This is valuable because combine

plant-derived anti-inflammatory agents, such as anethole, with NSAIDs to achieve

better efficacy, with less chance for hepatic side effects [71]. According to (Var-

rassi et al 2020), ibuprofen retains a favorable safety profile among the NSAIDs,

with relatively low gastrointestinal and cardiovascular risks at clinically relevant

doses. There are still risks for adverse effects due to renal and hepatic temporary

and permanent adverse effects, and risk of infection adverse effects that depend
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on the dose, on patient characteristics and medications at the same time. Grow-

ing evidence suggested endocrine-disrupting properties of ibuprofen and possible

anticancer properties of ibuprofen, which emphasizes that ibuprofen is relatively

safe, but its risk profile is still unique among the NSAID classes [72]. Pharmacoge-

nomics research on ibuprofen has explored how genetic polymorphisms influence its

pharmacokinetics, pharmacodynamics, safety, and therapeutic efficacy [73]. Addi-

tionally, a 2020 comparative study suggested that etoricoxib may be more effective

than ibuprofen for pain management [74].

2.2 Aims and Objectives

The study aimed to evaluating the role of etoricoxib in attenuating inflammation

in ethanol-induced Hepatotoxicity. The main objectives of this study were to assess

the biochemical changes associated with ethanol-induced hepatotoxicity by measur-

ing the serum levels of liver-specific enzymes, alanine aminotransferase (ALT) and

aspartate aminotransferase (AST), by using an approved commercially available

standardized diagnostics kits. To assess the inflammatory response, the second

objective was to measure the level of the pro-inflammatory cytokine TNF-α by

using enzyme-linked immunosorbent assay (ELISA), which helped to understand

TNF-α role in ethanol-induced liver injury. Finally, how heptoprotective and anti-

inflammatory properties of etoricoxib as a selective COX-2 inhibitor was experimen-

tally established by measuring the TNF-α expression. If the levels of liver enzymes

and TNF-α decrease in the ethanol-treated mice, we could conclude that etoricoxib

was effective in reducing inflammation of the liver caused by ethanol exposure, and

we could support the role of etoricoxib in providing protective effects on the liver.



Chapter 3

Materials and Methods

3.1 Introduction

This chapter provides an overview of experimental studies design, methodology,

animal model, dosing strategy, analytical methods, and ethical considerations that

guided the investigation of the anti-inflammatory effects of etoricoxib with ibuprofen

as a comparator in ethanol-induced hepatotoxicity. The study has been deliberately

organized to reflect the underlying pathological mechanisms involved in ethanol liver

injury. A systematic approach was undertaken to maximize scientific validity, ob-

jectivity, repeatability, and translational relevance. Ethanol-induced hepatotoxicity

was induced using repeated intraperitoneal injections of absolute ethanol to re-

flect repeated exposure to chronic ethanol and replicate the critical clinical features

associated with alcoholic liver disease (ALD) including hepatic neuronal inflamma-

tion, increased hepatic enzymes and liver tissue necrosis. The adult Balb/C mice

used for the studies were chosen for their relatively stable genetic make-up, specific

physiological responses to toxic substances and non-individualized characterizations

assessing their use as a model for hepatotoxicity.

To evaluate the possible hepatoprotective and anti-inflammatory efficacy of etori-

coxib a selective inhibitor of COX-2 and ibuprofen a nonselective NSAID, complete

dosing protocols were utilized in an ethanol-fed hepatotoxicity model.

21
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As parameters of liver injury serum ALT and AST were biochemically determined.

Inflammation was measured using TNF-α via ELISA, and total protein content

from all serum samples determined using Bicinchoninic Acid (BCA) protein assay,

for systemic effects monitoring.

Histopathology of liver samples were generated using hematoxylin and eosin (H&E)

stained liver tissue samples to assess morphological alterations, cellular infiltrations,

and necrotic lesions. The use of these separate in vivo, biochemical, and histological

assessments provided baseline understanding of the liver injury from each ethanol

dose and degree of hepatoprotection provided by each test drug.

As part of the in vivo studies, we used molecular docking studies to predict the

binding affinity and interaction of etoricoxib and ibuprofen as ligands towards im-

portant molecular targets involved in hepatic inflammation COX-2, TNF-α, and

NF-κB. We used tools such as AutoDock, PyMOL, and Discovery Studio to simu-

late ligand-protein interactions, to get the different binding conformations, and to

get binding energy. The in-silico data provided the mechanism of action to which

the anti-inflammatory effect observed in vivo could be associated.

The approaches outlined in this chapter provide a framework to evaluate both the

biochemical and molecular pharmacological action of etoricoxib on ethanol-induced

liver injury. All methods outlined in this chapter adhered to internationally accepted

ethical principles as well as institutional animal care guidelines.

The image 3.1 shows the various steps used in the in vivo research experiment.

Figure 3.1 show experimental study were start from randomly assigning mice into

groups, marking, and acclimatizing mice, followed by recording body weight and

dosing.

On dissection day, blood was collected via cardiac puncture, midline laparotomy

was performed, and liver was extracted. The liver collected was used for, for BCA

protein assay, ELISA for TNF-α, determination and performed H&E staining for

histological or biochemical changes. (Photograph taken at faculty of Pharmacy,

Capital University of Science and Technology).
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Figure 3.1: Experimental study design representing the in vivo study protocol
in Ethanol-Induced Hepatotoxicity.

3.2 Ethical Statement

All experiments procedure involving animals were performed to comply with na-

tional regulations and institutional policies for the ethical care and use of laboratory

animals. The study protocol (REC/Fop/F2024/16) was reviewed and approved by

the Research and Ethical Committee (REC) of the Capital University of Science

and Technology, Islamabad.
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3.3 Experimental Animal

Thirty healthy Balb C mice (4 weeks old weighing 25g-30g) were purchased from

the in-house breeding facility of Capital University of Science and Technology, Is-

lamabad. Mice were housed under a controlled environment (22 ± 2oC, relative

humidity 55 ± 5%) and 12 h light/dark cycle with ad libitum access to food and

water. Mice were acclimatized to laboratory conditions for one week prior to ex-

perimentation [75].

3.3.1 Food Composition

Mice used in research were typically fed a balanced pellet diet designed to meet their

nutritional needs. This diet usually contains about 18-24% protein, 4-6% fat, and

40-60% carbohydrates, along with fiber, vitamins, and essential minerals as shown

in table 3.1. These ingredients often included fish, flour, bran and powdered milk.

Consistent and standardized diets ensured mice health and reliable experimental

results.

Table 3.1: Composition of animal food

Food item Quantity (5.0 kg) Quantity (10.0 kg)

Fish 750 g 1. 5 Kg

Wheat Flour 3.25 Kg 6.5 Kg

Vitamins/Minerals 75 g 150 g

Dry Skimmed Milk 200 g 400 g

Chokar 750 g 1. 5 Kg

3.3.2 Mice Bedding

Mice were housed on bedding materials that provide comfort, absorb moisture, and

reduce odor. Common bedding types include wood shavings (such as aspen) were

used. The choice of bedding should be important as it can influence animal health,

behavior, and experimental outcomes. Bedding was changed on a daily basis to

provide them with a non-toxic, dust free and stress-free environment for the mice.
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3.3.3 Animal Handling

Mice were restrained using standardized tail and scruff handling techniques to min-

imize stress. Each animal was placed on the surface of a wire cage lid. The tail was

held at its base with the thumb and forefinger of one hand, while the other hand

was positioned on the lower back.

Gentle pressure was applied in a forward direction towards the loose skin at the

back of the neck, ensuring closure around the ears. The scruff was then firmly

grasped, and the tail was drawn towards the wrist, with the little finger securing

the tail in place.

The grip was maintained firmly enough to prevent struggling while remaining gentle

to allow normal respiration [76].

Figure 3.2: Animal handling using standardized tail and scruff handling tech-
niques to minimize stress.

Figure, demonstrating appropriate techniques for restraining mice in order to min-

imize stress to the animals during procedures.

The tail and scruff handling method was used to provide secure immobilization

during injection (Photograph taken at faculty of Pharmacy, Capital University of

Science and Technology).
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3.4 Grouping and Experimental Design

Figure 3.3: Mice were acclimatized to animal facility conditions prior to the
commencement of experimental study.

This figure shows, gentle handling method to minimize stress and ensure the mice’s

comfort during routine experimental procedures, in accordance with ethical animal

care practices. (Photograph taken at faculty of Pharmacy, Capital University of

Science and Technology).

Animals were randomly assigned into experimental groups using a simple random-

ization method to reduce bias. Mice were identified by cage labeling and non-

invasive marking techniques such as tail marking. A tail-marking technique was

employed to ensure consistent individual identification of animals throughout the

study. This method involved marking the tails with unique combinations of trans-

verse lines and circles of varying sizes. Mice were marked prior to the experimental

treatment with the identifiers.

Mice-1 had one small circle across the tail, mice-2 had two small circles on the tail

that were slightly separated, mice -3 had three small circles evenly spaced across

the tail, mice-4 had four small circles on the tail, mice-5 had one large circle on the

tail that was clearly distinguishable from the small circles on the previous animals,

mice-6 had two (small and large) circles, separated by a small gap; the first of the

circles had a large cross-sectional area and the second circle had a small area, mice-7

had three circles on the tail with the first a large circle and the second and third
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having small size, mice-8 had four circles; one large circle at one end and three

smaller circles spaced out appropriately. This pattern continued for the subsequent

animals allowing for accurate and non-invasive identification throughout the study

period.

Figure 3.4: Mice identification and marking protocol for experimental studies.

The image depicts typical temporary tail marking methods for identifying indi-

vidual lab mice, during short term experiments. (Photograph taken at faculty of

Pharmacy, Capital University of Science and Technology).

3.4.1 Grouping of Mice

30 healthy Balb/C mice (weighing 26-30 g) were randomly allocated into five experi-

mental groups (n = 6). Animals were marked individually and allocated into groups

in a blinded manner to eliminate selection bias. All mice received their respective

treatments via the intraperitoneal (i.p.) route once daily for nine consecutive days.

Ethanol was used to induce hepatotoxicity, and the therapeutic agents (etoricoxib

and ibuprofen) were administered. Experimental groups and treatments description

shown in table 3.2.
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Figure 3.5: Randomization strategy for experimental grouping of mice (n = 6
per group).

Mice were randomized into distinct treatment groups, with 6 animals per group to

ensure uniform distribution and minimize bias.

One group of mice (n = 6) was housed per cage, representing a distinct experimental

group (e.g., control, ethanol, treatment), and mice were assigned using randomized

control method. (Photograph taken at faculty of Pharmacy, Capital University of

Science and Technology).

Table 3.2: Experimental groups and treatments description

Group Treatment Description

Group-1 (Control) Received an equivalent volume of 1% DMSO in saline (i.p.) and

served as the control group.

Group-2 (Ethanol-

only)

Received ethanol at a dose of 20% v/v (5g/kg) (i.p.) once daily

for nine consecutive days to induce hepatotoxicity.

Group-3 (Etoricoxib

Low Dose)

Administered etoricoxib at a dose of 25 mg/kg (i.p.), 30 minutes

after ethanol 20% v/v (5g/kg) (i.p.) administration.

Group-4 (Etoricoxib

High Dose)

Administered etoricoxib at a dose of 50 mg/kg (i.p.), 30 minutes

after ethanol 20% v/v (5g/kg) (i.p.) administration.

Group-5 (Ibuprofen) Received ibuprofen at a dose of 50 mg/kg (i.p.), 30 minutes after

ethanol 20% v/v (5g/kg) (i.p.) administration.
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3.5 Routes of Administration

The route of administration significantly influences the pharmacokinetics, pharma-

codynamics, and toxicity of pharmacological agents. In laboratory animals, the

primary routes include intravenous (IV), subcutaneous (SC), intraperitoneal (I.P.),

and oral administration. In this study, I.P route was used for drug delivery in a

mice model of ethanol-induced hepatotoxicity.

3.5.1 Intraperitoneal Route of Drug Administration

The I.P. route is quick and minimally stressful for animals. It involves holding the

mice in a supine position with its head tilted lower than the posterior part of the

body and insertion of the needle in the lower quadrant of the abdomen (at ∼10o

angle) with care to avoid accidental penetration of the viscera [78]. A 1-ml insulin

syringe fitted with a 30-gauge needle was used to deliver all medications. In order

to reduce the possibility of puncturing internal organs, the lower right abdominal

quadrant was chosen for injection. To lessen stress during administration, mice

were gently restrained using common tail and scruff handling techniques.

Figure 3.6: I.P. Injection in the lower right abdominal quadrant of mice.
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I.P. injection site (lower right quadrant) to avoid injuring visceral organs puncture.

The needle was inserted at a 10o angle; if the animal is properly restrained, accurate

dosing should occur with minimal discomfort. (Photograph taken at faculty of

Pharmacy, Capital University of Science and Technology).

3.6 Chemicals

All the reagents used for the experiments were of standard analytical grade. Ethanol

(20%v/v) was used to induce hepatotoxicity, was procured from the Faculty of

Pharmacy CUST.

Etoricoxib and ibuprofen were generously provided by Jupiter Pharma, Rawat,

Islamabad. Etoricoxib was evaluated for its potential hepatoprotective and anti-

inflammatory effects, while Ibuprofen served as a standard reference drug.

3.6.1 Drug Solubility

The test compound was initially mixed with normal saline and vortexed due to

the limited water solubility. However, it was not dissolved entirely. To get better

solubility, a co-solvent method was utilized, 40 µL of dimethyl sulfoxide (DMSO)

was added to the compound and vortexed until dissolved.

After all the drug was dissolved, 960 µL of normal saline was added, and solution

was mixed very thoroughly. The 40 µL DMSO/960 µL normal saline provided a

final homogenous solution of 1 mL that was ready for intraperitoneal injection. List

of equipments shown in table 3.3.

Table 3.3: List of equipments

Sr.no Equipment

1. Analytical weighing balances

2. Micro-centrifuge tubes (Eppendorf)

3. Micropipette

4. vortex mixers
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3.6.2 Drug Preparation

Formula for Dose Calculation

Dose = Body weight (g) * Dose (mg/kg)/1000

Volume Required (mL) = (Required Dose (mg)/Stock Concentration (mg/mL)

3.6.2.1 Dose Calculations for Ethanol 20% v/v (5g/kg)

Ethanol Dose 20% v/v (5 g/kg)

for 30 gram mice: Ethanol Density: 0.789 g/mL

Target Dose: (5 g/kg) body weight

Required Ethanol (g)=30 gÖ(5 g/kg)1000 = 0.15g

Volume (mL)=0.789 g/mL 0.15 g = 0.19 mL.

3.6.2.2 Dose Calculations Etoricoxib (25 mg/kg), Etoricoxib (50mg /

kg), (Ibuprofen 50mg/kg)

For the preparation of a 25 mg/kg etoricoxib solution (1 mL), 2.5 mg of etoricoxib

was accurately weighed and initially dissolved in 40 µL of DMSO in a sterile ep-

pendorf tube. Subsequently, 960 µL of normal saline was added to achieve a final

volume of 1 mL. The solution was vortexed thoroughly to ensure complete dissolu-

tion. The drug was fully soluble in DMSO prior to dilution. For a 30g mice, the

required dose was 0.75 mg, and the volume administered was 0.3 mL of the prepared

stock solution. For the preparation of a (50 mg/kg) etoricoxib solution (1 mL), 5

mg of etoricoxib was accurately weighed and dissolved in 40 µL of DMSO, followed

by the addition of 960 µL of normal saline. The solution was vortexed to obtain a

homogeneous and clear solution. For a 30g mice, the required dose was 1.5 mg, and

the volume administered was 0.3 mL of the stock solution. For the preparation of

a (50 mg/kg) ibuprofen solution (1 ml), 5 mg of ibuprofen was accurately weighed
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and dissolved in 40 µL of DMSO. Then, 960 µL of normal saline was added and

mixture was vortexed thoroughly. A clear and uniform solution was obtained. For

a 30g mice, the required dose was 1.5 mg, and the injected volume was 0.3 ml.

3.6.3 Dosing Protocol

All drug administrations were performed by using insulin syringe 1ml, 30 gauge

of BD Ultra-fine II needle to ensure precision of dose administration and mini-

mal tissue trauma. All drugs were freshly prepared on the day of administration.

Dose were calculated based on the individual body weight of each mice, which was

recorded daily prior to dosing. This ensured accurate and consistent dose delivery

across the study period. Ethanol 20% v/v (5 g/kg) was administered to induced

hepatotoxicity. Mice received drug etoricoxib or ibuprofen 30 minutes’ post-ethanol

administration, to evaluate post-exposure hepatoprotective efficacy.

Figure 3.7: Daily body weight measurement of mice.
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The figure illustrates the procedure for recording the body weight of each mouse

daily using a digital balance. Regular weight monitoring was conducted to assess

general health status, detect any adverse effects of treatments, and adjust dosing

volumes accordingly during the experimental period. (Photograph taken at faculty

of Pharmacy, Capital University of Science and Technology).

Lethargy, irritability, and weight loss were observed as symptoms of toxicity, es-

pecially following the third day of ethanol administration. After dosing for nine

consecutive days, mice were anesthetized with chloroform and sacrificed on day ten

via AVMA guideline. Blood was collected via cardiac puncture under deep anes-

thesia. Liver tissues were immediately harvested, rinsed in 0.9% saline and stored

at -80oC for biochemical analysis. Daily treatment schedule and observations for

all experimental groups shown in table 3.4.

Table 3.4: Daily treatment schedule and observations for all experimental
groups

Groups Dose administra-

tion (1-9 day)

Route Monitoring Observation

Control

group

1% DMSO in saline i.p. Record body

weight.

Normal behavior,

stable body weight

Monitor behavior.

Ethanol

group

Ethanol (5 g/kg)

(20% v/v)

i.p. Record body

weight.

↓Body weight, irri-

tability post Day 3

Monitor behavior

Ethanol +

Etoricoxib

(Low Dose)

Ethanol (5 g/kg)

+ Etoricoxib (25

mg/kg)

i.p. Record body

weight.

Mild protection,

stable behavior

Monitor behavior

Ethanol +

Etoricoxib

(high Dose)

Ethanol (5 g/kg)

+ Etoricoxib (50

mg/kg)

i.p. Record body

weight.

Improved clinical

signs, more weight

retention

Monitor behavior

Ethanol+

Ibuprofen

(standard

reference

drug)

Ethanol (5 g/kg)

+ Ibuprofen (50

mg/kg)

i.p Record body

weight. Monitor

behavior

Moderate pro-

tection, normal

behaviour
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3.7 Personal Protective Equipment and Biosafety

Measures

All sample collection procedures were conducted using appropriate personal pro-

tective equipment (PPEs) in accordance with institutional biosafety protocols to

minimize exposure to biological materials. All other PPEs as required by proto-

col/facility. Hands should be washed. Gloves changed during dose administration of

different mice groups. Promptly dispose of used-sharps in the provided leak-proof,

puncture resistant sharps container [79]. List of PPEs shown in table 3.5.

Table 3.5: List of PPEs

Sr.no Item Purpose

1. Lab coat To protect personal clothing and skin

2. Gloves To prevent contact with blood and tissues

3. Eye protection To shield against accidental splashes

4. Surgical Mask To reduce contamination and exposure risk

3.8 Euthanasia and Methods of Euthanasia

Euthanasia procedures were performed in compliance with the AVMA Guidelines

for the euthanasia of animals (2020) and approved by the institutional animal care

and use committee (IACUC). The word euthanasia means an easy death and should

be regarded as an act of humane killing with the minimum of pain, fear and distress.

The procedure choice should approach as closely as possible the following criteria;

it should be painless, produces rapid loss of consciousness and death, Interrupts

consciousness and reflexes simultaneously, requires minimum restraint, avoids ex-

citement and causes minimal psychological stress to the animals, appropriate for

the age of the animal [80].
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3.8.1 Methods of Euthanasia Fall into Categories Physical

Method and Chemical Method

There are various physical method and chemical methods of euthanasia [81].

Figure 3.8: Classification of euthanasia techniques.

The above figure shows two primary classes of euthanasia, physical and chemi-

cal methods. In the case of physical methods, techniques that will rapidly lose

consciousness mechanically (e.g., cervical dislocation, decapitation). The chemical

method will use pharmacological agents that provide painless and humane death

(inhalant anesthetics, Chloroform, barbiturates).

3.8.1.1 Chemical Method

The chemical inhalation method with chloroform was used in mice model of ethanol

induced hepatotoxicity. Chloroform was chosen out of the various physical and

chemical euthanasia techniques available for laboratory animals, for its ability to

quickly induce unconsciousness, low handling stress, and compatibility with sub-

sequent tissue analysis. Two to three milliliters of chloroform absorbed on cotton

were used to pre-saturate an airtight desiccator before adding chloroform vapor. In-

dividual mice were exposed to the fumes for two to three minutes until their corneal

reflex and respiration completely stopped. The absence of cardiac activity was used
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to confirm death, and a cardiac puncture was performed right away to obtain a

sample [82]. Chloroform is a colorless, volatile liquid that is not very soluble in wa-

ter. It has a pleasant, non-irritating odor. The chemical formula for chloroform is

CHCl3, a molecular weight of 119.38 g/mol. Chloroform is a commonly used chem-

ical in biological laboratories and for industrial processes [83]. Chloroform sedation

has been used to sacrifice animals with apparently no undesirable effects. Animals

were introduced into a desiccator containing their corresponding chemical. Prior to

exposure, the chemical was soaked in cotton wool and placed in the desiccator for

2minutes to ensure circulation [84].

3.9 Blood Withdrawal Techniques

Figure 3.9: Blood withdrawal techniques in mice.

The figure shows comparative demonstration of multiple blood collection routes in

mice, with a focus on the effectiveness of cardiac puncture for terminal serum.

Collection through tail vein, saphenous vein, and retro-orbital bleeding is appro-

priate for obtaining relatively small amounts of blood, but cardiac puncture, either

under deep anesthesia or post-euthanasia, produces the maximum volume of blood

collected (1.0-1.5 mL) with little hemolysis.
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Table 3.6: Material required for blood collection

Sr.no Item

1. Chloroform

2. Cotton

3. Syringes

4. Tubes for blood collection

5. Gloves

6. Mask

3.9.1 Cardiac Puncture

For terminal blood collection, animals were anesthetized deeply with chloroform.

Once unresponsive, the animal was placed in dorsal recumbency [85]. Blood was

collected by terminal cardiac puncture using a 1 mL sterile syringe with a 23G

needle. The needle was inserted through the thoracic wall into the left ventricle

at a 30-45o angle, slightly left of the sternum and directed cranially. Upon entry,

gentle aspiration was performed to draw 1.0-1.5 mL of blood. Collected blood

was transferred to clean, labeled micro tubes [86]. Cardiac puncture method was

selected for blood collection in mice model of ethanol-induced hepatotoxicity.

Figure 3.10: Blood withdrawal by cardiac puncture.
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Terminal blood collection via cardiac puncture under deep anesthesia. The needle

is advanced into the left ventricle at a 30-45o angle, and blood is aspirated into

sterile syringes for biochemical analysis. (Photograph taken at faculty of Pharmacy,

Capital University of Science and Technology).

3.9.2 Blood Withdrawal By Cardiac Puncture Procedure

Deeply anesthetize the mice with the chloroform anesthetic agent prior to sample

collection procedures. Place the animal in dorsal recumbency once the animal has

reached an appropriate plane of anesthesia. Attached appropriate sized needle to a

syringe and insert bevel up at a 30-40o angle through the diaphragm, with syringe

parallel to the midline of the mice. Insert needle slightly left under the sternum,

directed toward the mice heart. The needle can be angled slightly towards the

left shoulder. Retract the plunger slightly to create a vacuum inside the syringe

and gently advance needle until blood flash appears in needle hub. Immobilize the

needle and continue to aspirate until a sufficient amount of blood has been collected

[87].

Figure 3.11: Tubes used for blood collection from mice.

The figure shows the microcentrifuge tubes used for collecting and storing blood

samples obtained via cardiac puncture from mice. Collected samples were either

processed immediately for serum separation enzymes analysis. (Photograph taken

at faculty of Pharmacy, Capital University of Science and Technology).
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3.10 Dissection and Liver Preservation

After cardiac puncture and euthanasia, a midline laparotomy was performed to

access and extract the liver for further analysis [88].

3.10.1 Extraction of Liver

After cardiac puncture and euthanasia, a midline laparotomy was performed. The

abdominal cavity was accessed via midline laparotomy. The skin and cutis were in-

cised to a depth of about 2 cm with 11.5 cm surgical scissors. The connective tissue

over the peritoneum was bluntly dissected with the tips of the scissors by gently

spreading it to minimize trauma to the tissues. The peritoneum was then incised

longitudinally along the Linea Alba to access the peritoneal cavity. The peritoneal

cavity was expanded to improve visualization and access into the intra-abdominal

organs using a holding suture through the xiphoid process area of the sternum.

The holding suture was lifted and securely attached to the top of a Fluovac mask

to create tension and tensioned to fully expand the operative field. A Calibri re-

tractor was inserted into the peritoneal cavity to retract the surrounding tissues

and keep the area exposed. Then abdominal cavity was elevated gently using the

retraction forceps to expose the ventral surface of the liver, which was adhered to

the diaphragm. As the liver was mobilized and elevated, the hepatic hilum was

exposed. This was accomplished by retracting and mobilizing the gastrointestinal

tract caudally to expose the bile duct. All fibrous connective tissue attaching the

liver to its surrounding structures was carefully dissected and released until the liver

was completely mobilized for resection. Following resection of the liver, the peri-

toneal cavity was provided sterile 0.9% sodium chloride (NaCl) lavage to wash out

blood and debris. All abdominal organs were replaced in their original radiographic

locations. The resected liver was washed immediately using 0.9% NaCl to remove

blood and contamination from the surface of the liver. All liver related tissues were

fixed in 10% phosphate buffered formalin (pH 7.4) for the preservation of tissue

morphology prior to histopathology. Finally, fixed samples were stored at -4oC for

future biochemical and histological studies [89].
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Figure 3.12: Liver collection and biochemical analysis.

Figure 3.12 illustrating the process of liver collection, which is followed by three

distinct analytical techniques: BCA assay, H and E staining, and ELISA assay.

The BCA assay is used to measure protein concentration, while H and E staining

is employed to visualize tissue morphology. The ELISA assay, on the other hand, is

utilized to detect and quantify specific antibodies or antigens. (Photograph taken

at faculty of Pharmacy, Capital University of Science and Technology).

3.11 Biochemical Analysis

Biochemical analysis was conducted to evaluate hepatic injury and inflammatory

response in the treated groups. The levels of ALT and AST in serum were measured

in blood using commercial diagnostic kits. Liver homogenates were prepared for

total protein quantification via the BCA assay and level of TNF-quantification via

ELISA assay.

3.11.1 Liver Homogenate Preparation

Liver specimens were washed with ice-cold phosphate-buffered saline (PBS, pH 7.4)

and transferred into pre-weighed eppendorf tubes. Based on sample weight (50-

100 mg), an appropriate volume of 0.1% Tween 80 in PBS (pH 7.4) was added to

each sample (e.g., for 50 mg tissue, 166.67 µL buffer was used). The samples were
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homogenized using a tissue homogenizer (D160, China) [90]. Homogenates were

centrifuged by using H-speed micro centrifuge SCI-24 at 8500 rpm for 30 minutes

at 24oC, and the supernatant was collected for BCA assay and ELISA assay.

3.11.1.1 Preparation of 0.1% Tween 80 PBS buffer 7.4

Table 3.7: Chemicals required for PBS buffer 7.4

Sr.no Chemicals

1. Tween 80

2. 1X PBS (Phosphate Buffered Saline), pH 7.4

3. Measuring cylinder

4. Pipette

5. Stirring rod or magnetic stirrer

Preparation of Tween 80-PBS solution, take 0.1 ml (100µL) of the Tween 80 and

add it to an appropriate amount of PBS. Stir the solution enough to ensure Tween

80 is completely dissolved and evenly distributed within the buffer. A magnetic

stirrer was used to ensure consistent mixing. When the solution is clear and homo-

geneous, be sure to label the container with the name, concentration, and a date

that indicates when it was prepared. The resulting solution can be stored at room

temperature or tightly sealed in the fridge at 4oC [91].

3.11.2 BCA Protein Assay Protocol

The Bicinchoninic Acid (BCA) assay is a widely used colorimetric method for quan-

tifying total protein concentration in a sample. BCA protein assay kit Cat. No.

P0012S was used by follow manufacturer’s protocols. Purpose: To determine the

protein concentration in liver tissue supernatant, using BCA assay.

Table 3.8: Materials required for BCA assay

Sr.no Material

1. Supernatant from liver tissue

2. Append-draft tube
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Table 3.8 continued from previous page

Sr.no Material

3. Homogenizer

4. H- speed micro-Centrifuge

5. Pipette

6. BCA Protein Assay Kit (Reagent A and Reagent B)

7. BSA Standard (2 mg/mL stock)

8. 96-well microplate

9. Micropipettes and sterile tips

10. Distilled water

11. Plate reader

3.11.2.1 Liver Tissue Collection and Preparation

Liver tissues were carefully collected and weighed of the tissue was recorded, before

being transferred directly to eppendorf tubes that were previously labeled and pre-

weighed. The volume of 0.1% Tween 80 in PBS, pH 7.4 was added to each tube in

correlation to the weight of the tissue.

The samples of all liver tissues were 50 mg to 100 mg in weight. Therefore, the

proportion of the weight of the sample, 0.1% Tween 80 in PBS buffer (pH 7.4), in

each tube was calculated. For example, if the sample of the tissue was 50 mg, which

was approximately 166.67 µL was added to the tube, and this method was used for

all samples with the same 0.1% Tween 80 in PBS (pH 7.4) solution. Homogenize

the tissue thoroughly using a homogenizer. Centrifuge the homogenate at 8500 rpm

for 30 minutes at 24oC to remove tissue debris. Supernant was collected.

Preparation of Standards In 96-well plate standard serial dilutions from BSA stock

(2mg/mL) were prepared. Use 20 µL of each dilution per well for the standard

curve. Serial dilution (20ul, 15ul,10ul,7ul, 5ul, 2.5ul, 0.00). To make 20ul per well,

distill water was added.

a) Sample preparation A sample Supernant was taken for the sample preparation

with 1:10. Mix 1 of part sample with 9 parts distilled water (1:10 dilution).
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b) Preparation of working reagent (WR) Reagent A and Reagent B are working

reagent and were used as 50:1. If reagent A 50ul then reagent B will be 1ul. Freshly

prepared before using. Add 200 µL of the WR to each well. Gently tap the plate

to mixed for 30 second.

c) Incubation After adding the WR to samples and standards, incubated the plate

at 37oC for 30 minutes. Following incubation, plate was cool to room temperature

(approximately 5-10 minutes) before proceeding.

d) Plate reader Measured absorbance at 562nm using a plate reader. Constructed

the Standard curve and calculated sample protein concentrations based on ab-

sorbance values.

Figure 3.13: Use of a microplate reader to analyze BCA protein assay.

Figure 3.13 shows BCA assay based on the colorimetric detection of protein con-

centration. The protein reduces Cu2+ to Cu+ in an alkaline medium, bicarbonic

acid chelates the Cu+, resulting in color formation to produce a purple complex.

The resulting colour can then be measured using the microplate reader at 562 nm.

(Photograph taken at faculty of Pharmacy, Capital University of Science and Tech-

nology).
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3.11.3 ELISA Test

Quantification of TNF-α level in liver homogenates was performed using a com-

mercially available sandwich ELISA kit REF NO. PRS-2050Mo, LOT No 202312

in strict adherence to the manufacturer’s protocol.

3.11.3.1 Assay Procedure

Dilute and add sample to Standard: set 10 Standard wells on the ELISA pre-coated

plates, add Standard 100µl to the first and the second well, then add Standard

dilution 50µl to the first and the second well, mix; take out 100µl form the first

and the second well then add it to the third and fourth well separately. then add

Standard dilution 50µl to the third and the forth well ,mix ; then take out 50µl

from the third and the forth well discard, add 50µl to the fifth and the sixth well

,then add Standard dilution 50µl to the fifth and the sixth well, mix ; take out 50µl

from the fifth and the sixth well and add to the seventh and the eighth well, then

add Standard dilution 50µl to the seventh and the eighth well ,mix ; take out 50µl

from the seventh and the eighth well and add to the ninth and the tenth well, add

Standard dilution 50µl to the ninth and the tenth well, mix , take out 50µl from

the ninth and the tenth well discard(add Sample 50µl to each well after diluting.

Added sample, set blank wells separately (blank comparison wells don’t add sample

and HRP Conjugate reagent, other each step operation is same) testing sample

well. Add Sample dilution 40µl to testing sample well, then add testing sample

10µl (sample final dilution is 5-fold), add sample to wells, don’t touch the well wall

as far as possible, and gently mix. Incubate after closing plate with Closure plate

membrane, incubate for 30 min at 37oC. Configurate liquid: 30-fold (or 20-fold)

wash solution diluted 30-fold (or 20-fold) with distilled water and reserve. Washing

Uncover Closure plate membrane, discard Liquid, dry by swing, add washing buffer

to every well, still for 30s then drain, repeat 5 times, dry by pat. Add enzyme Add

HRP-Conjugate reagent 50µl to each well, except blank well. Incubate, Operation

with 3and Washing operation with as step as above. Add Chromogen Solution

A 50ul and Chromogenic Solution B to each well, evade the light preservation for
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15 min at 37oC. Stop the reaction, Add Stop Solution50µl to each well, Stop the

reaction (the blue color change to yellow color). Assay takes blank well as zero,

read absorbance at 450nm after Adding Stop Solution and within 15min. Note the

absorbance values, constructed the Standard curve and calculated sample protein

concentrations based on absorbance values.

Figure 3.14: Primary coated antibody 96 well plates used in ELISA assay.

Figure 3.14 shows 96-well microplates already coated with primary antibodies that

were specific to TNF-α. In the ELISA procedure, the samples and standards can

be added to the wells, and TNF-α can bind to the antibodies, and then be detected

using an enzyme-linked method that shows quantitatively. (Photograph taken at

faculty of Pharmacy, Capital University of Science and Technology).

3.12 Molecular Docking

Molecular docking is a computational approach for the simulation and investigation

of drug interactions with its biological target at the level of molecular structure.

This approach enables the assessment of a number of different parameters to provide

valuable insight into the binding of NSAIDs to the active sites of COX enzymes.

Parameters such as binding free energy and inhibition constants are examples of
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molecular docking parameters. Molecular docking is a structure-based drug design

tool that can imitate the molecular interaction and provide a prediction of binding

mode and affinity between ligand and receptor.

Molecular docking is, imitate the best conformation in accordance with complemen-

tarity as well as pre-organization to predict and retrieve the binding affinity and

interactive mode between ligand and receptor.

This study has made use of a variety of computational tools, including PyMOL�3.0.4,

AutoDock tools-1.5.7, Discovery Studio 2017 R2 client, and ChemDraw. ChemDraw

was used to depict the chemical structures of selected compounds.

Molecular docking studies were conducted using AutoDock and Discovery Studio to

predict the binding interaction of specific chemical compounds with multiple target

proteins. The three-dimensional (3D) and two-dimensional (2D) structures of the

substituted compounds were generated using Discovery studio.

Molecular docking studies were conducted using AutoDock tool, targeting the pro-

tein structure. Discovery Studio Visualizer was employed to analyze the binding

interactions and identify the most favorable binding conformations, based on lower

binding free energy. Key amino acid residues involved in ligand-protein interactions

were further analyzed through both 3D and 2D visual representations.

These methods allowed for the prediction and visualization of molecular interac-

tions and provided a means to use binding affinities and possible mechanisms of

action. Ibuprofen used as reference (standard) and Etoricoxib were included for

comparisons.

3.12.1 Ligands Preparation

ChemDraw tool was used for ligand structures base construction. The structures

were saved as mol files, were optimized by using discovery studio software and then

saved in .pdb format. Then, AutoDockTools-1.5.6 was used to convert the files in

.pdbqt format.
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3.12.2 Proteins Preparation

The target protein structures were captured against various receptors COX2, TNF-

α and NF-κB by using PDB ID: 4ph9, 2az5 and 9bdw from PDB (Protein Data

Bank) (http://www.rcsb.org). Discovery Studio Visualizer was used to remove the

solvent and native ligand from the crystal. The proteins were saved as .pdb files.

AutoDockTools-1.5.6. was used to add polar hydrogen to the protein structure and

to save data as .pdbqt files.

The COX-2 protein structure (PDB ID:4ph9) was retrieved from the Protein Data

Bank, to prepare the protein for docking simulations, removed unnecessary water

molecules and other non-essential elements. Hydrogen atoms were added to stabilize

the molecular structure and enable more accurate predictions of ligand binding

interactions. The processed protein structure was saved in .pdbqt format, suitable

for docking simulations.

The docking grid was configured to include key residues in the COX-2 active site,

identified from previous structural studies as ALA B157, HIS B 341, and PRO

B35. The grid dimensions were set at 126x126x126 Åwith a grid spacing of 0.689

Å, ensuring comprehensive binding site coverage. The grid box was centered at x

= 20.727, y = 25.501, and z =48.427 to capture all potential binding interactions

between the ligands and the enzyme’s active site residues.

The TNF-α protein structure (PDB ID:2az5) was retrieved from the Protein Data

Bank. The grid dimensions were set at 84x94x80 Åwith a grid spacing of 0.700

Å, ensuring comprehensive binding site coverage. The grid box was centered at x

= -19.364 y = 65.266, and z =32.431 to capture all potential binding interactions

between the ligands and the enzyme’s active site residues.

The NF-κB (PDB ID:9bdw) was retrieved from the Protein Data Bank. The grid

dimensions were set at 62x62x62 Åwith a grid spacing of 0.660 Å, ensuring compre-

hensive binding site coverage. The grid box was centered at x = -68.002 y= -9.250,

and z =-18.222 to capture all potential binding interactions between the ligands

and the enzyme’s active site residues.

http://www.rcsb.org
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3.13 Evaluation of Liver Histopathological Chan-

ges

For morphometric evaluation, the liver tissues were first fixed in 10% formalin,

which preserves the cellular architecture, then went through a process of being

boxed in paraffin blocks before being sectioned. The sections were cut at lengths

of 5µm using a microtome. The sections were stained with hematoxylin and eosin

(H&E) to evaluate general histological features as well as with Masson’s trichrome

stain to evaluate collagen deposition. The staining procedures followed standard,

established procedures for histological evaluations.

Histological staining was performed with the H&E method for examining tissue ar-

chitecture and pathology. H&E is a popular method for general tissue morphology.

Tissues were fixed, processed and embedded in paraffin wax in a standard manner,

with fixation of tissues in 10% neutral-buffered formalin for 24-48 hours at room

temperature to preserve morphology. Samples that were embedded in paraffin wax

were sectioned on a rotary microtome to make 4-5 µm slides. The sections were

mounted on clean glass microscope slides to dry overnight at 37oC for 1 hour to

increase adhesion before staining. First, the slides were deparaffinized in xylene (2

changes of 5 minutes each). After deparaffinization for morphometric evaluation,

the liver tissues were first fixed in 10% formaldehyde, which preserves the cellular

architecture, then went through a process of being boxed in paraffin blocks be-

fore being sectioned. The sections were cut at lengths of 5µm using a microtome.

The sections were stained with hematoxylin and eosin (H&E) to evaluate general

histological features as well as with Masson’s trichrome stain to evaluate collagen

deposition and therefore fibrosis. The staining procedures followed standard, es-

tablished procedures for histological evaluations. For morphometric evaluation, the

liver tissues were first fixed in 10% formaldehyde, which preserves the cellular archi-

tecture, then went through a process of being boxed in paraffin blocks before being

sectioned. The sections were cut at lengths of 5µm using a microtome. The sections

were stained with hematoxylin and eosin (H&E) to evaluate general histological fea-

tures as well as with Masson’s trichrome stain to evaluate collagen deposition and
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therefore fibrosis. The staining procedures followed standard, established proce-

dures for histological evaluations., they were rehydrated in a descending series of

alcohol (100%, 95%, and 70% ethanol) and were rinsed briefly in distilled water.

The sections were then stained in Harris’s hematoxylin solution for 5-7 minutes to

visualize the nuclei of cells, followed by rinsing in running tap water to remove ex-

cess stain. Differentiation was performed, if necessary, in 1% acid alcohol (1% HCl

in 70% ethanol) for a few seconds to remove non-specific nuclear staining and bluing

of nuclei was performed by immersing in 0.2% ammonia water or alkaline tap water

for 1 minute. The cytoplasmic and extracellular components were counter-stained

in 1% eosin Y solution for 30 seconds - 1 minute, and after eosin staining the slides

were rinsed in distilled water rapidly to avoid overstaining. The stained sections

were dehydrated through an ascending alcohol series (70%, 95%, and 100%), then

cleared in xylene (2 changes, 3 minutes each). Coverslips were mounted using a

xylene-based permanent mounting medium to preserve the stained sections. The

stained slides then dried thoroughly and were examined under a bright-field light

microscope using various magnifications (10x, 40x) to assess cellular morphology,

organization of tissues, and any histopathological changes, with representative im-

ages captured for record keeping and analysis.

3.14 Statistical Analysis

Quantitative data were expressed as mean ± standard deviation (SD). Statistical

analysis was performed using Graph Pad Prism 8.0.1 software (GraphPad Software

Inc., San Diego, CA, USA). One-way analysis of variance (ANOVA) followed by

post hoc Turkey’s multiple comparison test was employed for detection of differ-

ences among experimental groups, p-value of < 0.05 was considered a measure of

statistical significance. Standard curves were obtained by linear regression, and

the corresponding concentrations of TNF-α were read off from sample absorbance

values for ELISA and BCA assay data. Each experimental group consisted of n =

6 animals to ensure sufficient statistical power.
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Results

This chapter presents the experimental results from the study, investigating the

hepatoprotective and anti-inflammatory effects of etoricoxib and ibuprofen in a

mice model of ethanol-induced hepatotoxicity. Inflammatory biomarker levels were

measured using an ELISA based method, in order to determine the biomarker values

referenced to a standard curve. The results were discussed in relationship to the

dose-dependent effects of the research compounds and mechanistic relevance of the

research compounds in relation to ethanol-induced hepatotoxicity. In our study, we

described a mice model of ethanol-induced hepatotoxicity to study the potential

therapeutic effect of the etoricoxib selective COX-2 inhibitor and ibuprofen non-

selective COX-2 inhibitor.

4.1 Biochemical Markers of Hepatic Injury

In the current study, mice model of ethanol induced hepatotoxicity blood was col-

lected via cardiac puncture in a sterile manner and processed for serum biochem-

istry. Serum ALT and AST activities were measured using standard enzymatic col-

orimetric detection methods by a certified diagnostic laboratory. The high serum

50
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markers after ethanol treatment are indicative of significant hepatic stress, mem-

brane disruption, and hepatocellular injury. The biochemical disruption is consis-

tent with ethanol-induced hepatotoxicity. After the treatment phase of the study,

administration of the selective COX-2 inhibitor, etoricoxib at (50 mg/kg) showed

a stronger hepatoprotective effect while still representing the dose-response profile.

We observed to reduce elevated liver enzymes. These findings are consistent with

COX-2 selective inhibition as anti-inflammatory. Etoricoxib both at low (25 mg/kg)

and high dose (50 mg/kg) doses), or non-selective NSAID ibuprofen (50 mg/kg) led

to significant reduction in serum transaminase ALT and AST levels, indicating an

improvement in hepatic function and membrane stability, suggesting some potential

for hepatoprotective agents that might ameliorate ethanol-induced liver pathology.

4.2 Serum Alanine Aminotransferase and Serum

Aspartate Aminotransferase Levels

ALT is a very sensitive measure of liver damage. The serum ALT levels of the

ethanol-only group rise significantly compared to controls group, indicating liver

damage was severe. Treatment with etoricoxib at both doses (low dose 25mg/kg

and high dose (50 mg/kg)) and standard reference ibuprofen 50mg/kg significantly

reduced ethanol injured ALT levels indicating hepatoprotective effect against hep-

atic injury.

The control group had an ALT level of 45 ± 2.5 U/L. Administration of ethanol, at

a dose of (5 g/kg), resulted in a significantly higher ALT at 170 ± 5.0 U/L (#p <

0.05 vs control). Treatment with ibuprofen (50 mg/kg) significantly lowered ALT

levels to an average of 75 ± 3.5 U/L (*p < 0.001 vs ethanol group). At a dose of

(25 mg/kg), etoricoxib lowered the ALT levels to 130 ± 2.8 U/L (*p < 0.001 vs

ethanol), while (50 mg/kg) further lowered ALT to 60 ± 2.1 U/L (***p < 0.001

vs ethanol), closer to normal levels. Ethanol administration resulted in ALT levels

that significantly exceeded those observed in the control group, a confirmation of

hepatocellular damage.
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Etoricoxib treatment significantly reduced ALT levels in a dose-dependent manner,

with the (25 mg/kg) etoricoxib reducing ALT by 29.3%, and the (50 mg/kg) by

48.2% when compared to the ethanol group. While ibuprofen reduced ALT by

34.5% when compared to ethanol, the doses of etoricoxib (50 mg/kg) proved to be

the best option for hepatoprotection.

Aspartate aminotransferase (AST) is another marker of injury to liver and systemic

cells. An increase in AST indicates hepatocellular damage.

The ethanol group have a raised in AST level in blood. As observed, both etori-

coxib and ibuprofen reactively reduced the raised AST levels caused by ethanol.

Etoricoxib was more effective especially at a higher dose.

The normal control group had an AST level of 32± 2.0 U/L. Ethanol administration

(5 mg/kg) significantly elevated AST to 127 ± 4.0 U/L (#p < 0.05 vs. control).

Ibuprofen (50 mg/kg) treatment significantly decreased AST to 57 ± 3.0 U/L (*p

< 0.001 vs. ethanol).

Etoricoxib at (25 mg/kg) reduced AST to 90 ± 1.9 U/L (p < 0.01 vs. ethanol),

while the (50 mg/kg) dose further normalized AST levels to 45 ± 3.2 U/L (****p

< 0.001 vs. ethanol), comparable to the control group.

The AST levels were significantly elevated in the ethanol group, showing evidence of

hepatocellular injury. Treatment with etoricoxib at (25 mg/kg) and at (50 mg/kg)

attenuated the AST levels by 29.2% and 48.5%, respectively, while ibuprofen pro-

duced a reduction of 32.8%.

Based on these findings, it is established that higher dose etoricoxib provides better

prevention against ethanol-induced hepatic damage.

Figure 4.1 represent the serum ALT levels were significantly elevated in the ethanol-

treated group (5 g/kg) compared to the control group, indicating liver damage

(### p < 0.001 vs. control). Treatment with Etoricoxib at (25 mg/kg) and

(50 mg/kg), as well as Ibuprofen at (50 mg/kg), significantly reduced ALT levels

compared to the ethanol group (*** p < 0.001 vs. ethanol).
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Figure 4.1: Serum alanine transaminase levels in ethanol-induced liver injury
in mice.

Data are expressed as mean ± SD (n = 6 per group). Statistical analysis was

performed using one-way ANOVA followed by Tukey’s post hoc test.

Figure 4.2: Serum aspartate transaminase levels in ethanol-induced liver injury
in mice.

Figure 4.2 demonstrates serum AST values which were significantly elevated in the

ethanol-treated (5 g/kg) with respect to the control which signifies hepatocellular

damage (### p <0.001 vs control). Treatment with Etoricoxib at (25 mg/kg)

and (50 mg/kg), and Ibuprofen at (50 mg/kg) significantly decreased AST values

with respect to the ethanol group (*** p <0.001 vs ethanol). Data expressed as
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mean ± SD (n = 6 per group). Data analysed by one-way ANOVA and analysed

for statistical difference with Tukey’s post hoc test.

4.3 Inflammatory Marker Analysis

After collecting blood via cardiac puncture, the mice were sacrificed, and livers were

excised. The liver tissues were then stored in PBS, pH 7.4 for biochemical analysis.

BCA assay was performed to measure protein concentration and then Elisa was

performed for quantification of TNF-α.

4.3.1 BCA Protein Assay Protocol

Absorbance was read at 562 nm, and concentrations were determined from a stan-

dard curve consisting of known protein concentration. Standard Curve for protein

concentration ranging from 0 to 20 µg/µl was generated and the absorbance values

at 562 nm were used to create the linear regression equation in order to extrapolate

the concentration from unknown samples.

The concentration of total protein in liver tissue homogenates was determined us-

ing the BCA assay to assess hepatocellular integrity following ethanol-induced liver

injury and pharmacological treatment. The normal control group had an average

protein concentration of 8.42 ± 0.30 µg/µL, which is indicative of normal hep-

atic homeostasis. Ethanol (5 mg/kg) administration, total protein concentration

increased significantly to 18.33 ± 0.64 µg/µL, which was indicative of significant

hepatic inflammation and tissue damage.

The increase in total protein concentration likely resulted from increased cellular

permeability which is characterized by protein leaking into the extracellular matrix.

Treatment with etoricoxib at (25 mg/kg) resulted in a reduction in protein con-

centration to 16.19 ± 0.83µg/µL suggesting a moderate hepatoprotective activity.

Etoricoxib (50 mg/kg) produced a greatest reduction in total protein concentration

14.49 ± 0.87µg/µL and was approaching near-normal values while still providing
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additional protection, in a concentration-dependent manner. Ibuprofen lowered the

total protein concentration to 15.89 µg/µL, indicating anti-inflammatory activity,

while suggesting less efficacious than the higher dose of etoricoxib.

Taken together, and at the very least based on the total protein measure, etoricoxib

offered significant protection against ethanol-induced hepatic protein dysregulation,

likely mediated by COX-2 inhibition and the inhibition of other inflammatory sig-

naling.

Figure 4.3: BCA assay, protein concentration in experimental group.

Figure 4.3 shows protein concentrations, which were significantly elevated in the

ethanol-treated group (5 g/kg) relative to the control group, indicating possible

hepatic dysfunction (### p < 0.001 vs. control). Treatment with Etoricoxib

at (25 mg/kg) or (50 mg/kg) (along with Ibuprofen at (50 mg/kg) significantly

decreased protein concentrations compared to ethanol (* p < 0.05, ** p < 0.01, ***

p < 0.001 vs. ethanol).

Data were expressed as means± SD (n = 6 per group). Statistical analysis consisted

of one-way ANOVA with Tukey’s post hoc test.
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4.3.2 TNF-α levels

The standard curve was established and demonstrated a high degree of linearity (R2

≥ 0.99), which confirmed the sensitivity and reliability of the assay for quantifying

TNF-α in the current range. The sample concentrations were interpolated from

the standard curve after background absorbance was deducted. The method used

ensured accurate measurements of TNF-α levels reflecting the degree of hepatic in-

flammation due to ethanol administration, along with the anti-inflammatory action

of etoricoxib and ibuprofen.

Figure 4.4: Standard curve for TNF-α.

Standard curve generated for ELISA quantification of protein. Known concentra-

tions of the standard were plotted against their corresponding optical density (OD)

values at 450 nm. The curve demonstrates a linear relationship (R2 = 0.99), en-

abling accurate interpolation of sample concentrations within the dynamic range of

the assay.

4.3.2.1 TNF-α Levels in Experimental Groups

In mice model of ethanol induced hepatoxicity, inflammatory biomarker levels were

quantified using an ELISA-based method, and group-wise to estimate biomarker

concentrations with reference to a standard curve. The results were discussed with

respect to the dose-dependent effects of the test compounds and their mechanistic

relevance in mitigating ethanol-induced liver injury. Ethanol 5g/kg administration
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caused an increase in expression TNF-α in the liver compared to the intact control

group. Etoricoxib (low dose) (25mg/kg) + (ethanol 5g/kg) group post adminis-

tration of ethanol down regulated the expression of TNF-α, but etoricoxib (high

dose) (50 mg/kg) + ethanol (5 g/kg) group yield relative better result. Ibuprofen

(50mg/kg) + ethanol (5 g/kg) group also shows reduction in levels of TNF-α but it

has less effect than etoricoxib (50 mg/kg). Administration of etoricoxib (25 mg/kg),

etoricoxib (50 mg/kg) and ibuprofen 50mg/kg in three groups caused a significant

decrease in the levels of TNF-α compared to the groups that received ethanol only.

This study assesses the anti-inflammatory potential treatments in suppressing TNF-

α levels compared to ethanol-induced expression. Ethanol treatment resulted in a

significant increase in tissue TNF-α levels suggesting an inflammatory reaction.

Etoricoxib at (25 mg/kg) and (50 mg/kg) reduced TNF-α levels by approximately

31.6% and 44.5%, respectively, compared with ethanol and ibuprofen at the same

concentration reduced TNF-α levels by 33.8% compared to ethanol. Absorbance

readings were taken at 450 nm and plotted a standard regression equation, which

was then used to extrapolate TNF-α concentration in liver tissue lysate samples.

TNF-α concentration were calculated from the absorbance values for each sample

as obtained from the standard curve.

Figure 4.5: TNF-α concentration in experimental group by ELSIA.

Figure 4.5 graph TNF-α levels; animals given ethanol (5 g/kg) had an elevated TNF-

α level compared to the control, indicating an inflammatory response (### p <

0.001 vs. control). Animals administered Etoricoxib (25 mg/kg) and (50 mg/kg))
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or Ibuprofen (50 mg/kg) had significantly lower levels of TNF-α Tukey’s post-hoc

test, * p < 0.05, ** p < 0.01, *** p < 0.01) compared to the ethanol treatment.

Data were presented as mean ± SD (n = 6 per group) and analyzed by one-way

ANOVA, followed by Tukey’s post hoc test. Administration of ethanol (20% v/v),

(5 g/kg) significantly increased TNF-α expression in liver tissue of the test group

versus the control group, confirming ethanol-induced hepatic inflammation. The

average absorbance values for TNF-α expressed by the ethanol-treated group (6.17

± 0.69) were significantly increased from the average values for the control group

(2.48 ± 0.10 ). This result is consistent with the identified upregulation of the

TNF - α pro - inflammatory cytokine. We have documented TNF-α in the context

of ethnol-induced liver injury, where TNF-α signaling will elicit pro-inflammatory

activity to promote inflammation to assist in the eradication of the ethanol while

allowing for chronic hepatocyte apoptosis that leads to fibrotic temples of liver

injury.

The administration of etoricoxib (25 mg/kg) in the context of ethanol treatment

reduced the values of TNF-α (4.30± 0.71), meaning that (25 mg/kg) of etoricoxib

demonstrated partial anti-inflammatory efficacy. The administration of etoricoxib

(50 mg/kg) in the context of ethanol treatment also reduced the absolute values

of TNF-α (3.48 ± 0.71) and indicated that the dose of etoricoxib may suppress

TNF-α levels in a dose dependent inhibition of ethanol-induced inflammation. In

our examination this data supports the hypothesis that higher doses of selective

COX-2 inhibitors, etoricoxib may be more effective in the attenuation of inflamma-

tory cytokine production in mice models of hepatotoxicity. For comparison, even

though ibuprofen (50 mg/kg) (4.14 ± 0.17). Had a similar anti-inflammatory effect,

it was not as effective at the dose examined as etoricoxib at (50 mg/kg). Because

Ibuprofen is a non-selective COX inhibitor (inhibiting both COX-1 and -2), it may

have limited the specificity of its anti-inflammatory effect when compared to etori-

coxib which suppressed COX-2 expression through inhibition and was focused on

a specific enzyme of attenuation. These findings are consistent with the previously

accepted action of COX-2 inhibition to modulate cytokine-mediated inflammatory

pathways, indicating that selective COX-2 inhibitors (such as etoricoxib) may rep-

resent a more favorable pharmacological approach than non-selective NSAIDs in
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alcohol-associated liver disease.

4.4 Molecular Docking Analysis

Molecular docking analysis revealed distinct differences in the binding affinities and

interaction profiles of selective etoricoxib and nonselective ibuprofen with COX-2,

TNF-α and NF-κB.

4.4.1 Molecular Docking Analysis of Etoricoxib Compound

at Different Cytokines Receptor

Among the tested ligands, etoricoxib demonstrated the highest docking score, indi-

cating a relatively stronger binding affinity. Etoricoxib form stable complexes with

COX-2, TNF-α, Nf κb. The docking scores of the ligands with (Cox2 -8.9 kcal/mol,

TNF-α-8.3 kcal/mol, NF-κB -6.3 kcal/mol shown in table 4.1.

Table 4.1: Binding affinities of etoricoxib with receptors

Sr. No Target protein PDB ID Binding affinities kcal/mol

1 COX-2 4ph9 -8.9

2 TNF-α 2az5 -8.3

3 NF-κB 9bdw -6.3

Figure 4.6: 3D and 2D visualization of interaction with amino acid residues of
the COX-2 active site with ligand etoricoxib.
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The figure A shows 3D interaction of etoricoxib, which has a deep binding within

the COX-2 active site. This is stabilized hydrogen bond with Arg120 and Tyr355.

Forms hydrogen bonds with the sulfonyl group of the ligand (the sulfonamide moi-

ety).

Hydrophobic interactions of the ligand with Val349 and Leu352 additionally stabi-

lizes the complex.

The figure B 2D interaction, sulfonamide group has a strong hydrogen bond with

Arg120 and the methyl group on the pyridine ring has van der Waals contacts with

Leu352.

The phenyl ring has a π-π stack with Tyr355 which enables specificity of binding.

Figure 4.7: 3D and 2D visualization of interaction with amino acid residues of
the TNF-α active site with ligand etoricoxib.

The figure A shows 3D interaction of etoricoxib, fits into a small gap close to the

TNF-α trimer interface and forms hydrophobic interactions with Leu57 and Tyr119,

and the structured sulfonyl oxygen from the ligand hydrogen bond to the backbone

NH of Tyr119.

The figure B 2D interaction, pyridine ring interacts with Leu57 through hydropho-

bic interactions while the sulfonamide group interacts with Tyr119 by hydrogen

bonding, and there are minor van der Waals contacts with Gly121 and Val123

which likely contribute to stability.
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Figure 4.8: 3D and 2D visualization of interaction with amino acid residues of
the NF-κB active site with ligand etoricoxib.

The figure A shows 3D interaction etoricoxib binds into a regulatory site near the

DNA-binding domain of NF-κB, primarily with van der Waals interactions with

Lys145 and Arg307. There are not many significant hydrogen bonds.

The figure B 2D interaction chlorophenyl group of the ligand fits into a hydrophobic

pocket formed by Ile165 and Val248, while the sulfonamide group weakly polarizes

Arg307.

The molecular docking analysis of etoricoxib against key inflammatory targets COX-

2 TNF-α, NF-κB, revealed significant binding affinities, suggesting its potential for

multi-target anti-inflammatory action. These results indicate that etoricoxib has

the strongest binding affinity for COX-2, which aligns with its established pharma-

cological role as a selective COX-2 inhibitor. The interaction with TNF-α was also

notably strong, highlighting potential additional mechanisms in inflammation sup-

pression. In contrast, while the docking score with NF-κB was slightly lower, it still

reflects a meaningful interaction that may contribute to the compound’s broader

anti-inflammatory activity.

Three-dimensional (3D) structural analysis showed that etoricoxib fits well into

the active binding pockets of all three proteins. In the COX-2 complex, the ligand

formed stable interactions through hydrogen bonds with key residues such as Arg120

and Tyr355, as well as hydrophobic contacts with Val349 and Leu352.
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The TNF-α complex revealed hydrophobic interactions within a surface cleft, in-

volving residues like Leu57 and Tyr119. For NF-κB, the ligand was accommodated

in a regulatory region, stabilized mainly by van der Waals forces with limited hy-

drogen bonding.

Two-dimensional (2D) interaction diagrams further supported these findings, par-

ticularly in the COX-2 complex, where hydrogen bonding, π-π stacking, and hy-

drophobic interactions were prominently observed, confirming the specificity and

stability of the ligand binding.

Overall, the docking analysis demonstrates that etoricoxib not only retains strong

affinity for its known target, COX-2, but also shows potential for modulating TNF-

α and NF-κB, which could enhance its therapeutic effectiveness in inflammatory

conditions.

4.4.2 Molecular Docking Analysis of Ibuprofen Compound

at Different Cytokines Receptor

Ibuprofen has formed stable complexes with COX-2, TNF-α, and NF-κB, although

it has a lower affinity for the proteins than etoricoxib.

We measured ibuprofen’s dock score the greater the number, the stronger the inter-

active binding energies to these proteins as follows: at COX-2 (-7.0 kcal/mol) and

TNF-a (-6.9 kcal/mol) its interaction was moderate; with NF-κB the interaction

was weaker at (-5.4 kcal/mol) shown in table 15.

Overall, ibuprofen displayed weaker molecular interactions with these targets ulti-

mately than the etoricoxib.

Table 4.2: Binding affinities of ibuprofen with receptors

Sr. No Target protein PDB ID Binding affinities kcal/mol

1 Cox2 4ph9 -7

2 TNF-α 2az5 -6.9

3 NF-κB 1vkx -7.8
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Figure 4.9: 3D and 2D visualization of interaction with amino acid residues of
the COX-2 active site with ligand ibuprofen.

The figure A shows 3D interaction of ibuprofen interacts nearby the COX-2 catalytic

site, where there is a hydrogen bond between the carboxylate group of ibuprofen

and Arg120. The isobutyl group has hydrophobic interactions with Leu352 and

Val349. The above figure B shows 2D interaction, Hydrogen bond between the

carboxylic acid group with Arg120, and π-alkyl interactions of the phenyl ring with

Leu352; have weak van der Waals interactions with Tyr385.

Figure 4.10: 3D and 2D visualization of interaction with amino acid residues
of the COX-2 active site with ligand ibuprofen.

The figure A shows 3D interaction of ibuprofen bind in a shallow manner to TNF-α

through hydrophobic interactions involving Leu57 and Tyr119. There is no hydro-

gen bonding interaction observed.

The figure B shows 2D interaction, propionic acid group is solvent exposed and the

phenyl ring is placed in a shallow pocket formed by Leu57 and Tyr119.
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Figure 4.11: 3D and 2D visualization of interaction with amino acid residues
of the NF-κB active site with ligand ibuprofen.

Figure 4.11 A shows 3D interaction of ibuprofen has a weak association with the

minor groove of NF-κB primarily via Van der Waals interactions with Lys145 and

Arg307.

The figure B shows 2D interaction, carboxylate of the ligand forms a salt bridge

with Arg307.

The molecular docking study of ibuprofen with COX-2, TNF-α, and NF-κB showed

its potential to stabilize protein-ligand complexes with these proteins although it

did have slightly lower binding affinities than etoricoxib. The docking scores for

ibuprofen were -7.0 kcal/mol with COX-2, -6.9 kcal/mol with TNF-α, and -5.4

kcal/mol with NF-κB, the scores indicate a binding potential in the moderate to

good range especially for COX-2 and TNF-α. In accordance with ibuprofen be-

ing a non-selective NSAID, it can potentially interact with multiple inflammatory

mediators. Although it was less than etoricoxib, the reportedly reflects a mean-

ingful interaction of ibuprofen with the inflammatory cascade. Three-dimensional

(3D) structural visualization showed ibuprofen appropriately fits within the active

binding pockets of each of the three proteins. In the COX-2 complex (PDB ID:

4PH9), ibuprofen was incorporated by hydrogen bonds and hydrophobic interac-

tions with amino acid residue essentially yellowing stabilization of the binding pat-

tern of ibuprofen while in the cyclooxygenase catalytic domain (Figure 4.10). The

TNF-α complex (PDB ID: 2AZ5) showed sufficient hydrophobic interactions with
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Leu57 and Tyr119 residues anchoring the ligand in a cleft that was accessible to the

surface, establishing a binding interaction between the two (Figure 4.11). In the

case of NF-κB (PDBID:1VKX), ibuprofen seemed to exhibit lower docking scores,

specifically stabilization due to vanvander Waals contacts leading to an unstable

interaction.

4.5 Histopathological Changes in Ethanolic Liver

Injury due to Etoricoxib Administration

The morphological arrangement of liver cells in the normal control group showed

healthy signs with regular hepatocyte arrangements, distinct nucleus, and sinusoids.

In contrast, the hepatocytes of the ethanol-induced model group showed extensive

disarrangement with loss of sinusoidal spaces, inflammatory signs with in cells,

infiltrations were observed.

Necrotic cells were found with loss of nuclear integrity, ballooning degeneration,

and fatty changes were clearly visible caused by ethanol-induced liver damage. The

etoricoxib treated group showed positive morphology of liver with arrangement of

hepatocytes almost similar to normal liver. By restoring the hepatocyte arrange-

ments, reduced inflammatory cell infiltration, and preserved sinusoidal spaces. H&E

staining of ethanol-induced liver damage and the protective effects of etoricoxib at

40× magnification.

Figure 4.12 shows H&E staining of ethanol-induced liver damage and the protec-

tive effects of etoricoxib at 40× magnification. Control group shows normal ar-

rangement of hepatocytes and sinusoidal spaces, ethanol group shows heavy loss

of sinusoidal spaces, presence of necrotic cells, lymphocytic infiltration, balloon-

ing degeneration, changes were observed, indicated by black arrows, etoricoxib (25

mg/kg + EtOH) group shows several necrotic hepatocytes and lymphocytic infiltra-

tions present, indicated by black arrows but mostly sinusoidal spaces show recovery,

etoricoxib (50 mg/kg + EtOH) group shows hepatocytes signs of protection against

ethanol-induced liver injury with distinct sinusoidal spaces, and ibuprofen group
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Figure 4.12: Hematoxylin and eosin staining of cross-sectional liver tissue across
experimental

(50 mg/kg) significantly protected the liver against ethanol-induced injury which

shows recovery of hepatocytes .
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Discussion

Alcohol-related liver disease (ALD) encompasses a range of liver conditions that are

caused by excessive and prolonged alcohol consumption. In the current study, etori-

coxib was evaluated for hepatoprotective activity against ethanol induced liver dam-

age in mice. Molecular docking, liver function tests, cytokines levels, histophathol-

ogy were done to assess hepatoprotective effect of etoricoxib. The hepatic mi-

crosomal ethanol oxidizing system’s major enzyme, CYP2E1, is crucial for the

metabolism of ethanol. Ethanol consumption promotes CYP2E1 activity, increas-

ing the generation of ROS. Ethanol considerably enhanced ALT and AST levels in

the liver. ALD is also associated with increased TNF-α, all of which contribute

to hepatocyte dysfunction. This study intended to evaluate the hepatoprotective

and anti-inflammatory abilities of etoricoxib, a selective COX-2 inhibitor, in a mice

model of ethanol-induced hepatotoxicity. We sought to determine the effectiveness

of etoricoxib (25 mg/kg) as low dose and (50 mg/kg) high dose) in comparison to

non-selective anti-inflammatory drug, ibuprofen (50 mg/kg), based on the molec-

ular docking, main biochemical investigation parameters ALT/AST, total protein

(BCA assays), and pro-inflammatory cytokines TNF-α Sample ELISA kits, H&E

staining. In the present study, ethanol administration (20% v/v) (5 g/kg) induced

a significant increase in both ALT (170 ± 5.0 U/L) and AST (127 ± 4.0 U/L) com-

pared to the control group (ALT: 45 ± 2.5 U/L; AST: 32 ± 2.0 U/L). These findings

align with previous reports demonstrating that chronic ethanol exposure promotes

67
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oxidative stress, mitochondrial dysfunction, and hepatocyte necrosis, leading to

transaminase leakage.

Treatment with etoricoxib ((25 mg/kg) and (50 mg/kg)) and ibuprofen (50 mg/kg)

significantly attenuated ethanol-induced elevations in ALT and AST.

Etoricoxib (50 mg/kg) exhibited the strongest hepatoprotective effect, reducing

ALT to 60 ± 2.1 U/L and AST to 45 ± 3.2 U/L, closely approximating control

levels. Etoricoxib (25 mg/kg) showed moderate protection (ALT: 130 ± 2.8 U/L;

AST: 90 ± 1.9 U/L).

Ibuprofen (50 mg/kg) also reduced transaminases (ALT: 75 ± 3.5 U/L; AST: 57 ±

3.0 U/L) but was less effective than high-dose etoricoxib. These results suggest a

dose-dependent hepatoprotective effect of etoricoxib, consistent with prior studies

demonstrating that selective COX-2 inhibitors mitigate liver injury by reducing

inflammatory prostaglandinns (PGE2) and oxidative stress.

These finding consistent with the previous work that showed, etoricoxib decreased

oxidative stress and liver fibrosis in a CCl4-induced liver injury model.

In our study , etoricoxib at a dose of (50 mg/kg) reduced ALT to 48%, similar to

the finding of Zakiyah et al. (2022) which reported a 45% decrease in ALT for a

CCl4-induced hepatotoxicity model. TNF-α levels were decreased by 36% in our

model, which lies just below the results of Malik et al. (2023) which found a 35%

reduction utilizing COX-2 inhibitors in alcoholic liver disease.

Etoricoxib better effect can be explained by the selective inhibition of COX-2 caus-

ing a decrease in related PGE2-induced inflammation, retaining COX-1, and thus

retaining gastrointestinal integrity an advantage to non-selective NSAIDs such as

ibuprofen. The BCA assay measured the overall protein content present in liver

tissue lysates. This assay was able to provide some insight into the amount of pro-

tein lost due to degradation and the impaired synthetic capacity of the liver tissue

during a state of inflammatory stress. The ethanol-only group exhibited protein

concentration consistent with damaged hepatocyte functional capacity with respect

to synthetic capacity and acute liver injury.
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When comparing the treatment groups to the control tissues, the etoricoxib blocks

the amount of degraded protein according to the BCA assay and provide an overall

protein amount that was closer to the baseline than they were in the ethanol-only

group tissues.

Etoricoxib treatment groups displayed reconciled protein levels that are approach-

ing baseline. The maintenance of hepatic architecture and function indicated that

etoricoxib also preserved overall liver function as well suggested that functional pro-

teins can be lost during a state of hepatocellular injury due to oxidative damage

and cytoskeletal disintegration.

TNF-α is a well-known pro-inflammatory cytokine which can be involved in the

pathogenesis of ethanol-induced liver injury. Ethanol tissues exhibited a significant

increase in TNF-α concentrations in hepatic tissue when compared to baseline levels

with regards to the tissue.

The increased TNF-α production can be explained by the use of oxidative stress due

to ethanol metabolism and subsequent NF-κB activation of TLR-4 signaling in the

lipopolysaccharide induced activation of Kupffer cells. Etoricoxib (50 mg/kg) sig-

nificantly reduced the TNF-α expression in a dose-dependent manner with greater

efficacy of TNF-α suppression when compared to ibuprofen.

Comparisons to Literature, our findings support the potential therapeutic role of

etoricoxib over ibuprofen for ethanol-induced liver damage. Ibuprofen inhibits

COX-1 and COX-2 by contrast selective COX-2 inhibition by etoricoxib prefer-

entially reduces pro-inflammatory prostaglandins without negatively affecting pro-

tective prostanoids and minimizes gastrointestinal mucosal injury.

There is also preclinical evidence from Shen et al. (2011) and Shortall et al. (2021)

that includes suggestions that etoricoxib has anti-fibrotic, and anti-oxidative effects,

which we were able to see through our results as indicated by improved ALT, AST,

and TNF-α.

Engelmann et al. 2025 emphasized the co-therapeutic roles of TNF-α and IL-6 in

ethanol-mediated hepatic inflammation paving the way to both being hypothetically
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as therapeutic agent in infectious settings. Mechanistic understanding COX-2, NF-

κB, and Hepatic Inflammation, COX-2, NF-κB pathway, as it is implicated in

ethanol-induced liver injury, is significant.

Ethanol exposure generates ROS, which activates NF-κB via an IκB-mediated

degradation pathway thereby promoting the transcriptional initiation of TNF-α,

and pro-inflammatory agents. Through the inhibition of COX-2, etoricoxib inhibits

PGE2 synthesis, and indirectly prevents NF-κB activation.

Upon examining our etoricoxib treated groups, demonstrated decrease of TNF-

α, substantiates this pathway as a mechanistic target for possible therapeutically

intervention. The current study represents systematically investigated the hepato-

protective and anti-inflammatory effects of etoricoxib, a selective COX-2 inhibitor,

in mice model of ethanol induced hepatotoxicity.

Biochemical markers, such as ALT and AST, total protein content via BCA assay

and the pro-inflammatory cytokine TNF-α via ELISA, this study provides sub-

stantial evidence to support the therapeutic potential of etoricoxib in attenuating

ethanol-induced liver injury.

Ethanol (20% v/v) (5 g/kg) exposure resulted in a well-defined hepatocellular injury

manifested by elevated serum transaminases and elevated TNF-α, discovering the

hallmark applicability of oxidative stress and inflammation consistent with alcoholic

liver disease (ALD). Etoricoxib (50 mg/kg) resulting in the greatest hepatoprotec-

tive and anti-inflammatory effect, shown by the magnitude of change in ALT, AST

and TNF-α.

Comparison to the standard reference drug ibuprofen non-selective COX inhibitor

showed that etoricoxib produced a greater hepatoprotective effect, which likely re-

sults from its selective COX-2 inhibition and subsequent down regulation of the

pro-inflammatory prostaglandin E2 (PGE2) without negatively impacting the cy-

toprotective effects of COX-1.

These findings emphasized the mechanistic advantage of etoricoxib in maintain-

ing hepatic integrity while reducing off-target toxicity. This study demonstrates
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the importance of the COX-2/PGE2/NF-κB signaling axis in ethanol-induced liver

inflammation.

Additionally, the data presented etoricoxib as a potential pharmacological target

and inhibitor of the COX-2/NF-kB inflammatory pathway. The observed efficacy

in a dose-dependent relationship suggests that greater precision is required when

titrating etoricoxib, as greater doses appear to augment protective effects. It is

equally important to acknowledge the scope and limitations of this study.

The immunologic and biochemical data provided compelling evidence of the efficacy

of etoricoxib for ameliorating hepatic insult. This study adds to the growing line

of research showing selective COX-2 inhibition may be a viable and superior means

to manage ethanol induced liver inflammation.

All the molecular docking data showed that etoricoxib has a strong binding affinity

towards COX-2 which has been documented extensively and the important pro-

inflammatory cytokines TNF-α and NF-κB. The TNF-α binding was the most

intriguing because it provides an opportunity to modulate cytokine mediated sig-

naling pathways, in addition to COX-2 inhibition. TNF-α is a central mediator

in chronic inflammation, and it stimulates downstream transcription factors like

NF-κB.

The binding score of NF-κB was lower than TNF-α, the interaction with NF-κB

was still there and indicates a potential regulatory effect as well. The results pro-

vide further support of the hypothesis that etoricoxib may exhibit additional anti-

inflammatory activity through diminished overall levels of cytokine activity. This

phenomenon may compliment etoricoxib clinical effectiveness for chronic diseases

associated with increased cytokine expression, such as rheumatoid arthritis and

other autoimmune diseases.

In comparison with etoricoxib, ibuprofen did show some capacity to bind to cy-

tokines TNF-α and NF-κB, but with lower binding affinities than etoricoxib. Ibupro-

fen forms stable construct with their targets, but this suggests its binding is less

specific and therefore potentially less effective for direct modulation of cytokine-

mediated inflammation.
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As a non-selective NSAID, ibuprofen’s more general and weaker binding behavior

would be consistent with its typical pharmacodynamics profile. The moderate TNF-

α binding indicates that ibuprofen has some potential to contribute to cytokine

suppression and may partially relieve inflammation in an acute inflammatory state.

The weak binding to NF-κB suggests minimal impact on downstream gene regu-

latory pathways while etoricoxib would have a greater impact. The data maybe

suggest though ibuprofen is able to bind cytokine targets, the bulk of its anti-

inflammatory action is likely still primarily through COX inhibition and not through

modulation of cytokines. The weak binding to NF-κB suggests minimal impact on

downstream gene regulatory pathways while etoricoxib would have a greater impact.

This data has suggested that the ibuprofen is able to bind cytokine targets, the bulk

of its anti-inflammatory action is likely still primarily through COX inhibition and

not through modulation of cytokines.

Molecular docking is an important in silico technique used in drug discovery to

explore the interaction at the atomic level between small molecules and target

macromolecules. In this study, molecular docking established the binding affinity

of etoricoxib and ibuprofen against inflammation-associated proteins, COX-2, TNF-

α, and NF-κB. Evidently, etoricoxib showed the highest binding affinity towards the

target COX-2 (-8.9 kcal/mol) followed by TNF-α (-8.3 kcal/mol) and NF-κB (-6.3

kcal/mol).

This shows that etoricoxib has a good stable interaction through various inflamma-

tory pathways. Careful three-dimensional (3D) and two-dimensional (2D) molecular

interaction presentations showed that all three of the small molecules successfully

fit within the active pockets of the enzyme. With COX-2 protein binding it sup-

plemented etoricoxib as a hydrogen bonding interaction with Arg120 and Tyr355

alongside hydrophobic contacts with Val349 and Leu352, which are consistent with

the known COX-2 inhibition profile. The binding of etoricoxib to TNF-α purported

interactions with Leu57 and Tyr119, while NF-κB was partially driven contact by

van der Waals forces. The results of molecular modelling are congruent with pre-

vious literature that supports such interactions, to described binding modalities to

similar COX-2 binding configurations with etoricoxib.
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In terms of docking scores (COX-2: -7.0 kcal/mol, TNF-α: -6.9 kcal/mol, NF-

κB: -5.4 kcal/mol), ibuprofen has relatively lower binding energies suggesting less

preferred interactions. Similar to the above findings, the interactions of ibuprofen

were not shown to have the specific stabilizing hydrogen bonds as shown with

etoricoxib, which exemplifies the pharmacologic differences between selective and

non-selective NSAIDs.

Research suggested, COX-2 selective inhibitors out perform traditional NSAIDs in

suppressing targeted cytokines. The moderate TNF-α binding may imply some

potential in terms of anti-inflammatory activity of ibuprofen, however, the limited

findings with NF-κB may not suggest broader anti-inflammatory activity. Molec-

ular docking provides not only confirmation with the biochemical data, but fur-

ther understanding of the mechanistic action of etoricoxib as a multi-target agent

engagement with COX-2, TNF-α, and NF-κB pathways leads to superior anti-

inflammatory potential.

Histological evaluation using hematoxylin and eosin (H&E) staining is still an im-

portant diagnostic tool for detecting changes in liver structure. In this study, liver

sections from ethanol-treated mice demonstrate the classic markers of liver injury,

including hepatocellular ballooning, loss of sinusoidal spaces, necrosis, and lympho-

cytic infiltration. These findings substantiate the previously identified histopatho-

logical changes seen in ALD. Etoricoxib treatment at both (25 mg/kg) and (50

mg/kg) offered a substantial restoration of liver architecture. The results showed

preserved sinusoidal spacing, reduction in inflammatory infiltrates, and minimal

hepatocyte necrosis.

Those findings parallel the compound’s biochemical and molecular profiles, and

reinforce its hepatoprotective potential. The hepatoprotective effect of etoricoxib

was much greater than ibuprofen, which showed only partial restoration of liver

tissue structure. This is consistent with ibuprofen’s less selective mechanism. This

finding complements a comparative histological study in which selective COX-2

inhibitors diminished ethanol-induced liver inflammation greater than that of non-

steroidal anti-inflammatory drugs.
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In addition, the histopathological findings in etoricoxib-treated groups demonstrate

its proposed mechanism of action involving the downregulation of COX-2 and TNF-

α, limiting immune cell infiltration, and necrotic signaling cascade. Overall, H&E

staining provides evidence of pharmacological activity with etoricoxib on the hepatic

structure and function and lends further morphological evidence that supports the

molecular and biochemical evidence presented in this study. This is the first research

to evaluated etoricoxib’s hepatoprotective potential in ethanol-induced hepatotoxi-

city models. It incorporated both biochemical and molecular docking studies which

contributed multi-dimensional evidence. The two different doses used allows for an

assessment of dose-dependent efficacy.

5.1 Limitations

This study provides clear evidence for the hepatoprotective and anti-inflammatory

potential of etoricoxib in an ethanol induced hepatotoxicity model, there are some

aspects that limit the ability to interpret and translate findings. The acute ethanol

orientation of this study, while effective in eliciting hepatic injury and inflammatory

responses, does not confidently emulate the complicated and chronic progression of

alcohol related liver disease in humans, such as the prolonged oxidative stress, fi-

brotic processes, and development of cirrhosis. The pharmacokinetics of etoricoxib

in hepatic tissue, which contributes to our understanding of the metabolism, dis-

tribution and hepatic clearance profile, is not identified in this study, making it

difficult to transpose these dose-response relationships into clinical conditions. Ad-

vanced histopathological grading was not utilized in this study and the key markers

of TGF- β, MDA and GSH were not evaluated. This does not provide the researcher

much insight into the fibrotic change and oxidative status of the liver. Although

our findings suggest there was strong hepatoprotection, the lack of gene expression

assays (i.e. COX-2, NF-κB mRNAs levels) limits our ability to provide mecha-

nistic confirmation. Overall, these factors highlight the need for more prolonged

studies utilizing chronic ethanol exposure, acknowledge the differences observed in

male and female cohorts, and explore biomarkers that allow for a more complete

understanding of the hepatic injury.



Chapter 6

Conclusion and Future Work

The current study was performed in an order to provide a comprehensive evalua-

tion of the hepatoprotective and anti-inflammatory effect of etoricoxib, a selective

COX-2 inhibitor, in an established mice model of ethanol-induced hepatotoxicity.

Chronic ethanol use is a global public health problem and leads to hepatic injuries

ranging from fatty liver, hepatitis and cirrhosis as a result in cumulative oxida-

tive stress, mitochondrial dysfunction and prolonged inflammatory responses. The

study aimed to assess whether etoricoxib, through selective inhibition of COX-2,

could attenuate biochemical and inflammatory responses, highlighting its potential

as a pharmacological intervention.

The results of this study provide strong experimental evidence supporting the hep-

atoprotective potential of etoricoxib in the setting of ethanol-induced liver injury.

Administration of ethanol caused substantial liver injury in mice, as demonstrated

by a significant increase in serum liver enzymes ALT and AST, increased levels of

TNF-α the pro-inflammatory cytokine, and increased hepatic protein content de-

termined by BCA protein assay. These findings indicate compromised hepatocyte

integrity, oxidative stress, and continuing inflammation, which are key pathological

features of ethanol-induced hepatotoxicity. Etoricoxib, selectively inhibits COX-

2, exhibited a dose-dependent protective effect in the ethanol-induced liver injury

model. Mice administered (50 mg/kg) of etoricoxib reduced ALT and AST levels

compared to ethanol-only group and levels were similar to the control group.

75
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The etoricoxib (50 mg/kg) treatment ALT and AST showed significant hepatopro-

tective effects, by down-regulating inflammatory signaling and limiting hepatocyte

damage caused by oxidative stress.

Etoricoxib (25 mg/kg) treatment did improve ALT and AST markers, but to a

lesser extent, suggesting that (50 mg/kg) etoricoxib conferred a greater therapeutic

benefit than (25 mg/kg).

The reducing levels of TNF-α by etoricoxib is of particular importance, as TNF-α

is the major cytokine involved in the disease process of alcoholic liver disease. In

addition, inhibition of TNF-α expression by etoricoxib likely interrupted the pro-

inflammatory signaling cascade activated by NF-κB, thus blocking both apoptosis

in hepatocytes or neutrophil infiltration into injured liver tissue.

These results are consistent with other literature reporting, COX-2 inhibition with

the down-regulation of cytokine activity and better liver outcomes. The BCA assay

protein concentration was lower in the etoricoxib treated groups, indicating some

level of protection of hepatocyte function and an attenuation of cellular stress.

In comparison to ibuprofen (50 mg/kg) standard reference drug, treatment did lead

to hepatoprotective effects but less than etoricoxib (50 mg/kg).

This is primarily due to Ibuprofen’s non-selective inhibition of both COX-1 and

COX-2, which would lead to compromised gastro-intestinal and renal protective

pathways. In contrast, etoricoxib’s selective COX-2 inhibition would adequately

manage inflammation, while preserving the synthesis of homeostatic prostaglandins

regulated by COX-1, thus providing a better safety and efficacy profile. The study

findings further support the view that COX-2 targeting can be a tactical method

to manage ethanol-induced hepatic injuries.

This figure compares the hepatoprotective mechanisms of Etoricoxib and Ibupro-

fen in ethanol-induced liver injury. Etoricoxib selectively inhibits COX-2, reduc-

ing inflammation and oxidative stress more effectively. Both drugs improve liver

biomarkers and histology, but Etoricoxib shows a more targeted anti-inflammatory

profile.
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Figure 6.1: Comparative mechanistic overview of Etoricoxib and Ibuprofen in
ethanol-induced hepatotoxicity.

Molecular docking analysis provided additional evidence that etoricoxib has a strong

capacity to bind to active sites of COX-2, TNF-α, and NF-κB, supporting its mul-

tifactorial therapeutic mechanism. The combination of these actions contributed

to both the down-regulation of pro-inflammatory mediators and the protection of

hepatic architecture. The histopathological aspect provided by H&E staining adds

valuable perspective to the level of liver damage and the protective treatment re-

sponse in ethanol-induced hepatotoxicity. The sections of liver tissue from the

ethanol treatment group displayed significant histological alterations including ex-

tensive hepatocellular necrosis, infiltration of inflammatory cells, marked cytoplas-

mic vacuolation, and loss of normal hepatic architecture, which area characteristic of

alcohol-induced liver damage. The regimens involving etoricoxib treatment allowed

for a considerable restoration of hepatic histoarchitecture, reduction of necrotic

foci and decreased inflammatory cell infiltrates, with the optimum response in the

(50 mg/kg) dose group, presumably indicating hepatoprotection in some capac-

ity. Partial improvement was observed in the ibuprofen group, but less effective
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than etoricoxib high-dose. Overall, these findings corroborate the histological pre-

sentation from this study, which shows that etoricoxib was able to confer struc-

tural protection under intoxication with ethanol-induced liver injury potentially via

COX-2 selectivity and anti-inflammatory pathways, and also extended to levels of

restoration of normal hepatic architecture. Consistent with the findings from the

biochemical and cytokine results, the H&E staining confirmed the protective effects

of etoricoxib at the tissue level.

This study indicated that etoricoxib has a substantial protective effect against

alcohol-induced liver injury, demonstrated by robust findings in a mice model. Ad-

ministration of etoricoxib was integral in preventing an increases in serum ALT,

AST and levels of TNF-α. Etoricoxib administration assisted in restoration of

protein homeostasis in the liver. The high-dose etoricoxib (50 mg/kg) resulted in

significantly better outcomes than both low-dose etoricoxib, and ibuprofen, thereby

offering a potentially safer and more directed pharmacologic approach to alcohol-

related liver disease. These data provide an important rationale for etoricoxib as a

useful pharmacological option in the context of alcohol-related liver injury.

6.1 Future Prospective

The favorable outcomes of the present study indicate that etoricoxib a selective

COX-2 inhibitor markedly diminished hepatic inflammation and injury markers

ALT, AST, and TNF-α. The data collected in this pilot study will serve as a ba-

sis to be further explored in pharmacodynamics and pharmacokinetic studies, and

subsequent studies should focus on dose-optimization studies that can be explored

further in larger animal models utilizing time-dependent pharmacological profiles. A

more robust role of etoricoxib could also be identified using additional bioanalytical

techniques such as LC-MS/MS, to better characterize the systemic (exposed to the

blood) and hepatic concentration-time profile of etoricoxib and active metabolites.

Given the marked anti-inflammatory effects of etoricoxib, it would be prudent to

also inquire about its molecular targets outside of COX-2 such as NF-kB signaling



Conclusion and Future Work 79

and the inflammasome pathways activated in ethanol-mediated liver injury. Fur-

ther studies could utilize gene profiling, transcriptomics and proteomics to further

appreciate downstream regulatory networks induced by treatment with etoricoxib.

Molecular docking in this dissertation scope demonstrated positive interactions of

etoricoxib with COX-2, TNF-α, and NF-κB, reinforcing the multi-target approach.

While achieving these goals, subsequent computational simulations, (molecular

dynamics (MD) simulations and calculating binding free energy (MM/PBSA or

MM/GBSA), can be done to affirm the stability of ligand-receptor complexes under

physiological conditions. Utilizing structure-based drug design (SBDD) approaches

one can potentially generate and evaluate analogues of etoricoxib that demonstrate

a higher specificity, improved safety margins, and no off-target effects compared

with ibuprofen. Following this approach, etoricoxib derivatives can be evaluated

via high-throughput screening resulting in development of novel COX-2 selective

therapeutics that have improved hepatic bioavailability and longer half-lives.

The clinical importance of these analogues may include a stronger potential for lim-

iting chronic inflammation, independently of ethanol, and loosely limiting the car-

diovascular risks associated with the cumulative consequences of COX-2 inhibition.

We modeled acute hepatoxicity from ethanol, in the clinical realm, individuals of-

ten present with chronic exposure more closely resembling alcoholic steatohepatitis,

fibrosis, and cirrhosis. Future research should implement chronic exposure models

up to 4-12 weeks in order to best mimic human pathophysiology. Due to the sub-

stantial hepatoprotective effect seen throughout the dose levels, longitudinal studies

should also evaluate combination therapy with NAC (both NAC, and COX-2 inhibi-

tion) in an attempt to maximize antioxidant protection in conjunction with COX-2

inhibition. Utilize molecular studies evaluating caspase-3 and Bcl-2 expression to

elaborate on the anti-apoptotic mechanism of etoricoxib’s protective effects.

Chronic exposure with these models would allow all histopathological parameters

such as degree of steatosis, lobular inflammation, and fibrosis scores (e.g. METAVIR

index or NAFLD Activity Score). Analysis of histopathology following long-term

etoricoxib treatment can determine. If etoricoxib induces effects associated with

structure or regeneration primarily on the hepatic stellate cells, deposition of the
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extracellular matrix, and angiogenesis. Investigating longer etoricoxib treatment

may also provide insight on whether it can induce antifibrotic effects, potentially

representing a treatment approach for later-stage alcoholic liver disease or non-

alcoholic fatty liver. Oxidative stress is one of the essential pathogenic mechanisms

for ethanol-induced hepatotoxicity by lipid peroxidation, but also through ROS-

mediated mitochondrial dysfunction and damage.

Future studies might look further into combination therapies with etoricoxib that

include antioxidants such as N-acetylcysteine, silymarin or resveratrol to improve

the hepatoprotective ability of etoricoxib. The combination of these agents may

provide added protective effects by dual inhibition of the inflammatory and oxidative

stress pathways and subsequent tissue damage.

Another alternative, along with combination therapy, is nanocarrier(s) drug delivery

systems that may provide more first-pass hepatic targeting and therapeutic efficacy

for etoricoxib. Nano-formulations including liposomes, polymeric nanoparticles, or

solid lipid nanoparticles could improve the bioavailability of etoricoxib, reduce sys-

temic toxicity, and provide slow release. For instance, liver-specific delivery using

galactose-modified nanoparticles may improve the accumulation of etoricoxib in

hepatocytes and Kupffer cells. Moving the preclinical findings to clinical imple-

mentation requires identification of reliable biomarkers.

In additional work, larger biomarker panels using not only ALT, AST, and TNF-

α, but also IL-1β, IL-6, TGF-β, α-SMA, and caspase-3, could be examined using

multiplex ELISA or transcriptomic profiling. Pharmacodynamics analysis of how

etoricoxib impacts these biomarkers would help to determine predictive markers of

drug efficacy and safety. Clinical trials in patients with early-stage alcoholic liver

disease could evaluate etoricoxib hepatoprotective role under rigorously controlled

dosing and monitoring. Important clinical endpoints could include normalization of

serum transaminases as well as histologic improvement, reduction in inflammatory

cytokines, and quality-of-life measures.

The clinical trial could be modelled as a Phase I/II study design, with the Phase

I evaluation of patients with mild-to-moderate steatohepatitis, before progressing
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to patients with fibrosis and cirrhosis. The results indicated that etoricoxib per-

formed better than ibuprofen. Nevertheless, further comparisons with other COX-2

inhibitors such as (celecoxib and rofecoxib) and hepatoprotective agents (such as

silymarin and ursodeoxycholic acid) will allow the current study to be placed into

a wider therapeutic context.

In addition, monitoring etoricoxib’s cardiovascular and renal adverse effects in

longer-term studies will help detect potential adverse events associated with COX-2

inhibition. It will be necessary in any future studies to consider hepatoprotection

versus systemic safety. Examining organ type specific toxicity, cardiac and renal ox-

idative load, and blood pressure effects in treated animal studies may address this

issue. Pharmacogenetic screening could also provide insight into inter-individual

differences in metabolism of drugs and risk of adverse effects.
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decompensated cirrhosis and acute-on-chronic liver failure,” Liver Int., vol. 45,

no. 3, p. e15644, 2025.

[24] A. Sadighi, L. Leggio, and F. Akhlaghi, ”Development of a physiologically

based pharmacokinetic model for prediction of ethanol concentration-time pro-

file in different organs,” Alcohol Alcohol., vol. 56, no. 4, pp. 401–414, 2021.

[25] M. Akande et al., ”The impacts of L-arginine on biochemical parameters and

oxidative stress in rats exposed to subacute imidacloprid toxicity,” 2023.

[26] L. Di et al., ”The role of alcohol dehydrogenase in drug metabolism: Beyond

ethanol oxidation,” AAPS J., vol. 23, no. 1, p. 20, 2021.

[27] U. Gyaneshwari et al., ”Alcohol dehydrogenase: Structural and functional di-

versity,” in Integrative Approaches to Biotechnology. CRC Press, 2023, pp.

249–265.

[28] M. L. Contreras-Zentella, D. Villalobos-Garćıa, and R. Hernández-Muñoz,
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