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INTRODUCTION
The liver functions as the principal organ for the metabolism of 
vital substances. In addition to its metabolic functions, it is crucial 
for detoxifying and eliminating both internal and external harmful 
substances, thus safeguarding the body [1]. However, prolonged 
exposure to foreign compounds and their metabolites can lead to 
liver damage [2]. The liver is also integral to nearly every biochemical 
process related to growth, disease defence, nutrient distribution, and 
energy metabolism. What distinguishes the liver from other organs 
is its remarkable ability to regenerate after sustaining damage [3]. A 
variety of substances, including medications such as paracetamol, 
antibiotics, antituberculosis drugs, and chemotherapeutics, can 
cause liver injury. Furthermore, other chemicals, such as alcohol and 
heavy metals like lead and arsenic used in industrial settings, also 
contribute to this risk [4,5]. Extensive research into chemical-induced 
liver toxicity has been conducted using animal models, documenting 
the alterations in biochemical pathways connected to liver disease 
progression [6,7]. Liver injuries can manifest as necrosis, jaundice, 
fibrosis, cirrhosis, hepatitis, and liver cancer [8]. Liver-related 
illnesses rank as one of the leading causes of illness and death globally, 
according to estimates from the World Health Organisation (WHO) 
that approximately 1.4 million fatalities result from liver diseases 
annually. While modern medicine can address liver disorders, it 
often leads to various side effects.

Herbal plants have been used for ages to treat basic healthcare 
needs in the Ayurvedic school of Indian medicine. For thousands of 

years, plant-based treatments have been relied upon for preventing 
and managing health issues, including liver conditions [10]. The 
field of conventional medicine has now begun investigating the 
potential benefits of natural compounds, such as herbs, in providing 
everyday support for liver health [11]. Hence, it is vital to investigate 
appropriate herbal remedies that could serve as alternatives to 
synthetic chemicals.

Indian medicinal herbs have having variety of antioxidant-rich 
substances, which have been found to help prevent different health 
disorders. Antioxidant benefits occur at multiple levels, while 
medicinal plants also contain other advantageous components 
like phytochemicals that contribute to functional food products. 
Increasing global awareness of Ayurveda and Indian herbal medicine 
is anticipated to strengthen understanding of the evidence supporting 
these plants, bringing fruitful results in the future. Medicinal 
plants are often viewed as more dependable and effective options 
and have a long-standing history of traditional use for treating 
liver-related problems. Many local and tribal communities in India 
have traditionally turned to these plants for curing various ailments 
[12]. Mainly, herbal remedies have been employed for tackling liver 
disorders. Herbal compounds naturally facilitate healing processes 
within the body. There is a noticeable global trend shifting from 
synthetic to herbal medicines for preventing diseases and maintaining 
health. The WHO estimates that 4 billion individuals incorporate 
herbal medicines into their primary healthcare routines [13,14]. 
Extensive research is currently being carried out in the field of 
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ABSTRACT
Nutrition is processed and energy is produced by the liver in the body, which is an essential organ. As an essential part of the kidney’s function, 
it facilitates the processing and elimination of exogenous medicines and toxic chemicals.Hepatotoxicity, which can result from a variety of 
environmental pollutants, pathogenic microorganisms, viruses, drugs, and chemical compounds, can cause cirrhosis, fibrosis, hepatitis, necrosis, 
and jaundice, among other liver-related disorders.India’s ancient medical tradition, Ayurveda, has long been used as a means of treating countless 
health issues in humans. The plant medicines serve as a significant source of therapeutic compounds used in creating effective medications for 
various human illnesses, including liver disorders. As a result, the pharmaceutical industry is becoming more interested in using therapeutic 
plants to develop secure and efficient cures for recently discovered illnesses.The primary objective of this review is to aggregate data on 
medicinal herbs that have been studied for their potential to prevent drug-induced hepatic injury.
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Fig. 1: Risk factors of liver diseases[15].

ethnopharmacology focused on herbal treatments, with efforts 
underway to discover new herbal drugs that could offer greater 
efficacy.

The present focus of research is on remedies that promote healing 
and possess a strong safety record. A variety of medicinal herbs and 
their active components have been examined and shown to protect 
the liver from different kinds of damage caused by drugs. This 
review primarily outlines instances of drug-induced liver damage 
(hepatotoxicity) as well as the medicinal plants recognized fortheir 
protective effects, as assessed through both in-vivo and in-vitro studies 
(Fig. 1).

Hepatotoxity Classification or Hepatotoxicants

Acetaminophen (Paracetamol)
Acetaminophen, commonly called paracetamol or N-acetyl-p-
aminophenol (APAP), is a safe and effective analgesic and antipyretic 
medication when used within recommended limits [16,17]. The 
advised dosage of APAP is 325 to 650 mg every 4 to 6 hours in 
adults, with a max of 4 grams/day. In children, the dosage is 10 to 
15 mg/kg every 4 to 6 hours, with a daily max of 50 to 75 mg/kg 
[18,19]. At therapeutic doses, APAP is predominantly metabolised 
in the liver. The cytochrome P-450 enzyme system converts around 
5 to 9% into the reactive metabolite N-acetyl-p-benzoquinoneimine 
(NAPQI). However, the bulk, approximately 80 to 90%, undergoes 
phase II metabolic transformation via glucuronidation and sulfation 
pathways. In this process, conjugation with reduced glutathione 

(GSH) is facilitated by UDP-glucuronosyltransferases (UGT) 
and sulfotransferases (SULT), converting APAP into non-toxic 
glucuronidated and sulfated substances that are then eliminated in 
urine.[20]

APAP-induced hepatotoxicity is a common type of direct liver 
injury that can cause immediate and serious damage to the liver in 
both humans and experimental animals. Currently, it is the primary 
cause of acute liver failure worldwide, accounting for a significant 
number of deaths [21,22]. Extensive studies have documented the 
metabolic toxicity of APAP in both human and experimental models 
[23]. From 1997 to 2002, more than 50% of all acute liver failure cases 
in the US were linked to drug exposure, with approximately 40% 
specifically attributed to acetaminophen consumption [24] (Fig. 2).

Carbon Tetrachloride (CCl4)
Carbon tetrachloride (CCl4) is an organic solvent that has been 
chlorinated, and excessive exposure to it can be harmful to several 
organs. This substance appears as a colourless, highly volatile liquid 
that emits a sweet, ether-like scent. When subjected to heat, it 
decomposes into extremely toxic phosgene fumes. Its main use 
is in the manufacturing of chlorofluorocarbons, which serve as 
refrigerants. Additionally, it has been used as a treatment for parasites, 
a dispersant for insecticides, a cleaning solvent, a grain fumigant, 
and a fire suppressant [25]. Carbon tetrachloride can enter the body 
through oral ingestion, inhalation through the lungs, and skin contact 
in both humans and animals (Fig. 3). 

It is a well-known liver toxin, which is used to cause liver injury 
in experimental animals, including rats and mice, for the purpose 
of assessing the protective effects of herbal remedies. In the liver, 
it is processed by a nicotinamide adenine dinucleotide phosphate 
[NADPH]-dependent CYP450-2E1 enzyme, resulting in the creation 
of free radicals, including the trichloromethyl radical (•CCl3). 
Further oxidation causes the generation of trichloromethylperoxy 
radicals(•O–O–CCl3) [26,27]. These free radicals target fatty acids 
in cellular membranes, triggering lipid peroxidation that generates 
additional reactive aldehydes, such as formaldehyde and acetaldehyde. 
These aldehydes subsequently interact with reduced glutathione (e.g., 
GSH), leading to a decrease in GSH levels within liver cells. GSH 
acts as an intracellular antioxidant, preventing free radical damage 
to cells [28]. An excess of free radicals from CCl4 metabolism can 
also result in DNA damage, contributing to the genotoxic effects of 
CCl4. Lipid peroxidation further disrupts cell membranes, resulting 
in the leakage of hepatic enzymes like aspartate transaminase [AST] 
and alanine transaminase [ALT], as well as high bilirubin levels in the 
bloodstream [29,113]. This process subsequently stimulates protein 
breakdown, inflammation, and cell death, which can all heighten 
cytotoxic effects [30].

Alcohol (Ethanol)
Alcohol use is a common activity among individuals all over the 
planet. It is estimated that around 2.4 billion people engage in 
drinking, with about 960 million of them falling into the category 
of heavy drinkers [32]. While moderate alcohol intake might lower 
the risk of heart disorders, excessive and prolonged ethanol use 
can lead to damage to the liver and nerves [33]. The World Health 
Organization’s Global Report on Alcohol and Health from 2018 

Fig. 2: Acetaminophen (APAP) metabolic pathway.[112]
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indicates that about 3 million people die each year due to excessive 
drinking, which constitutes 5.3% of total deaths, and accounts 
for nearly half of all liver-related fatalities. Ethanol is the primary 
ingredient found in alcoholic drinks. It is largely absorbed in the 
intestines, and when it enters the blood circulation, the liver converts 
it into acetaldehyde and acetic acid. This chemical process generates 
a considerable amount of reactive oxygen species (ROS) and disrupts 
the normal functioning of the liver. With time, these alterations can 
lead to alcoholic liver disease (ALD).

ALD is distinguished by liver damage, inflammation, scarring, 
cirrhosis, and/or cancer resulting from long-term or excessive alcohol 
consumption [34]. ALD is divided into various phases based on the 
pathogenic conditions of the liver. The most common initial stage 

is alcoholic fatty liver (AFL), which occurs due to an increase in fat 
buildup within the liver. The next phase, alcoholic hepatitis (AH), 
is identified by changes in liver cells that make them look swollen, 
along with the presence of Mallory-Denk bodies and infiltration of 
inflammatory cells like monocytes and neutrophils [35,36]. While 
early-stage ALD can be improved with abstention from alcohol, 
once heavy drinking continues, ALD becomes irreversible. The 
third phase is alcoholic liver fibrosis, where collagen fibers infiltrate 
the liver lobules. Finally, cirrhosis and hepatocellular carcinoma 
are the final two stages of the disease. Though nearly all long-time 
drinkers develop AFL, only about 10 to 35% progress to alcoholic 
steatohepatitis (ASH). Additionally, between 8 and 20% of chronic 
heavy drinkers develop cirrhosis, with approximately 2% acquiring 
hepatocellular cancer [34]. Despite the growing concern regarding 
ethanol-related liver injury, the mechanisms behind such damage 
are intricate and involve various signaling pathways. As a result, 
it’s crucial to understand these mechanisms in order to enhance the 
treatment options for ALD. Liver injury due to alcohol primarily 
entails damage to liver cells, the buildup of fat, and inflammation. 
According to research, transcription factors, kinases, and microRNAs 
(miRNAs) all play important roles in ALD regulation. In this article, 
we will discuss the enzymes that regulate ethanol metabolism, the 
molecular pathways thought to be important in ALD, and an overview 
of the various treatment approaches.

Ethanol metabolism
Once ingested orally, only a minor quantity of ethanol (2%) gets 
absorbed in the mouth and esophagus. The majority of ethanol is 
absorbed in the stomach (22%) or in the intestines (75%). Any ethanol 
that is not absorbed is removed through the faeces. Approximately 1% 
of the alcohol that remains in the body is excreted unaltered in the 
faeces. After absorption, the majority of the consumed ethanol enters 
the bloodstream and is metabolised by the liver. A minor fraction 
is removed in its original form through urine or exhaled from the 
lungs as gas. (see Fig. 4). Ethanol, a small molecule with two carbon 
atoms and amphiphilic properties, is converted and broken down 
into an intermediate known as acetaldehyde by enzymes such as 
ethanol dehydrogenases, microsomal oxidases, and catalases within 
the liver (Fig. 5). 

Fig. 3: Schematic diagram of hepatotoxicity induced by Carbon tetrachloride 
(CCl4) and reduction by probiotics.[31]

Fig. 4: Pathways of alcohol absorption, distribution, and metabolism in the 
human.[112] Fig. 5: The metabolic pathway of alcohol[115].

Sadullah et al., J Adv Sci Res, 2025; 16 (08): 12-21



Journal of Advanced Scientific Research, 2025; 16 (08): August - 2025

15
Besides converting into acetaldehyde, the metabolism of ethanol 
also results in heightened levels of reactive oxygen species (ROS) 
and a reduction in the ratio of nicotinamide adenosine dinucleotide 
(NAD)+ to NADH. Under normal physiological circumstances, the 
majority of ethanol, roughly 80% to 90%, is broken down in the 
cytoplasm by enzymes known as alcohol dehydrogenases (ADHs) 
[36]. Multiple mechanisms may be linked to liver diseases caused by 
ethanol. For example, short-term ethanol use can cause oxidative 
stress, nitrification stress, endoplasmic reticulum (ER) stress, 
inflammation, and apoptosis. Long-term ethanol intake can disrupt 
lipid metabolism, promote lipid accumulation, and lead to alcoholic 
fatty liver (AFL). It also affects the gut-liver axis by weakening the 
integrity of the intestinal epithelium’s connective structures.

Oxidative Stress and ROS Generation
CYP2E1 is critically involved in the damaging effects of alcohol 
caused by oxidative stress. Its activation upon prolonged exposure 
to ethanol results in the overproduction of reactive oxygen species, 
including superoxide radicals and hydrogen peroxide. These reactive 
oxygen species hold the capacity to inflict harm upon fats, proteins, 
and genetic material, eventually leading to the deterioration of cell 
operations and wholeness [37,38]. Furthermore, an excess of reactive 
oxygen species leads to a reduction in antioxidants inside cells, 
particularly glutathione. This weakening of glutathione impairs the 
liver’s ability to protect itself from damage caused by oxidation [39].

Mitochondria dysfunction
When mitochondria don’t work properly, it causes issues within 
the cell. Mitochondria often suffer damage because of alcohol 
exposure. Harmful molecules and a specific chemical compound 
cause damage to the structure of mitochondria, inhibit the process 
of energy synthesis in cells, and reduce the amount of cellular energy 
produced. This results in the mitochondria expanding, a shift in what 
can pass through their membranes, and the discharge of elements that 
encourage cell death, like cytochrome. These actions contribute to 
the self-destruction of liver cells [40,41].

Lipid Peroxidation and DNA Damage
Harm to fats can happen when they interact with harmful substances, 
and this can also hurt the genetic material inside cells. When the 
body processes ethanol, it leads to the creation of harmful substances 
that cause fats to break down. This process results in compounds 
like malondialdehyde (MDA) and 4-hydroxynonenal (4-HNE) 
being produced. These aldehyde compounds create attachments to 
both DNA and proteins, disrupting how cells typically operate and 
encouraging mutations and cell death [42].

Pathways involved in inflammation
Cellular processes that trigger and manage inflammation involve 
intricate communication networks. Alcohol and the substances it 
breaks down into trigger reactions in the body’s defense system. This 
happens through routes like the Toll-like receptor 4, or TLR4. This 
then causes nuclear factor-kappa B, or NF-κB, and mitogen-activated 
protein kinases, or MAPKs, to become active. These sequential 
reactions encourage the generation of inf lammatory signalling 
molecules, like TNF-alpha and IL-6, which worsen liver swelling 
and harm [43,44].

Acetaldehyde Toxicity
Acetaldehyde presents a danger due to its harmful effects. 
Acetaldehyde can bind tightly to proteins and DNA, which disrupts 
their usual role. Additionally, it attaches itself to GSH, thereby 
lessening its ability to counteract harmful free radicals, while also 
encouraging the turning on of stress-related enzymes like c-Jun 
N-terminal kinase (JNK) and p38, which then worsen cellular injury 
and programmed cell death [45].

Disruption of Lipid Metabolism
Prolonged consumption of alcohol modifies how the liver processes 
fats, increasing the activity of fat-producing genes through the 
Wnt/β-catenin and PI3K/Akt signaling systems, which results in 
fatty liver disease. These alterations play a role in the shift from a 
liver filled with fat to a more inflamed and scarred liver [46,47].

Non-oxidative Metabolites and Extrahepatic 
Effects
Fatty acid ethyl esters, which are ethanol byproducts created without 
oxygen, similarly play a role in harming cells. Fatty acid ethyl esters 
negatively affect how mitochondria operate within liver cells, 
pancreatic cells, and cells lining the intestines; they’re also thought 
to contribute to both pancreas inflammation and problems involving 
the connection between the digestive system and the liver [48,49].

Non-alcoholic fatty liver diseases
Non-alcoholic fatty liver disease (NAFLD) is a contemporary liver 
disorder that affects people of any age, particularly those who are 
overweight or obese. It includes a wide variety of clinical disorders 
that are caused by an overabundance of fat accumulation in the liver 
[50]. The increase in obesity in India, especially among women and 
children in urban areas, is a growing worry for public health. Poor 
diet, excessive fat intake, unhealthy meal choices, lack of exercise, 
and genetic predisposition are among the contributing factors. One 
of the main factors in the growth of obesity and, as a result, NAFLD, 
is thought to be a high-fat diet (HFD). High-fat diets are the primary 
cause of non-alcoholic fatty liver disease, which is linked to high 
morbidity and mortality globally [51]. In India, liver ailments are 
particularly common, notably among obese people, where fatty liver 
affects between 8% and 30% of this population [52].Additionally, 
obesity-related insulin resistance may raise the chance of developing 
diabetes, which worsens liver disorders. A significant portion of 
the world’s population suffers from NAFLD, a persistent liver 
condition that is a primary cause of liver disease-related problems 
such as steatosis, fibrosis, and cirrhosis. The buildup of liver lipids 
(triglycerides) under these circumstances causes oxidative stress and 
gradual liver injury [53,54].

D-galactosamine
In the liver, galactosamine treatment produces an inflammatory 
response that, both biochemically and histologically, mimics viral 
hepatitis [55]. A time course of therapy causes fatty liver and 
hepatocellular necrosis [56]. It leads to the emergence of specific liver 
cell abnormalities characterized by decreased protein and nuclear 
RNA production [57].
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Table 1: Hepatoprotective activities of medicinal plants in paracetamol, carbon tetrachloride (CCL4), D-galactosamine and thioacetamide-induced hepatotoxicity

Plant Family Part Used Extract Type

Azima tetracantha[63] Salvadoraceae Leaves Ethanol

Aloe vera[64] Xanthorrhoeaceae Leaves Aqueous

Coccinia indica[65] Cucurbitaceae Fruits Aqueous 

Sida rhombifolia[66] Malvaceae Whole plant Ethanol

Solanum pubscens[67] Solanaceae Leaves Methanol

Abelmoschus moschatus[68] Malvaceae Seeds Menthol

Carissa carandas[69] Apocyanaceae Roots Ethanol 

Eclipta alba[64] Asteraceae Leaves Aqueous 

Solanum indicum[64] Solanaceae Leaves Aqueous

Maytenus emarginata[64] Celastraceae Leaves Aqueous

Casuarina equisetifolia[70] Casuarinaceae Leaf & bark Methanol

Lawsonia alba[71] Lythraceae Bark 50% Ethanol 

Solanum trilobactum[72] Solanaceae Whole plant Methanol 

Glycyrrhiza glabra[73] Fabaceae Root Crude powder 

Luffa acutangula[74] Cucurbitaceae Fruit Hydroalcohol

Glycosmis pentaphylla[70] Rutaceae Leaf, bark Methanol

Bixa orellana[70] Bixaceae Seed Methanol 

Alchornea cordifolia[75] Euphorbiaceae Leaves Chloroform 

Morus alba[76] Moraceae Leaves Chloroform, Alcohol 

Pittosporum neelgherrense[77] Pittosporaceae Stem bark Methanol 

Sphaeranthus amaranthoides[78] Compositae Whole plant Ethanol 

Olenlandia herbaceae[79] Rubiaceae Whole plant Methanol 

Calotropis gigantean[80] Ascelpiadaceae Root bark Ethanol 

Coldenia procumbens[81] Boraginaceae Whole plant Methanol 

Polygala arvensis[83] Polygalaceae Leaves Chloroform

Solanum tuberosum (purple potato)[84] Solanaceae Tubers Formic acid, distilled water

Leucas lavandulaefolia[85] Labiatae Leaves Methanol

Crassocephalum crepidioides[86] Asteraceae Whole plant Aqueous

Pisonia aculeate[87] Nyctaginaceae Whole plant Methanol

Phyllanthus niruri[88] Phyllanthaceae Whole plant Ethanol

Vitex negundo[89] Lamiaceae Leaves Ethanol

Orthosiphon stamineus[90] Lamiaceae Leaves Ethanol

Momordica tuberose[91] Cucurbitaceae Tubers Ethanol

Tinispora crispa[92] Menispermaceae Stem Ethanol

Zizyphus jujube[93] Rhamnaceae Fruits Methanol 

Phoenix dactylifera[94] Aracaceae Fruits Aqueous

Gardenia gummifera[95] Rubiaceae Roots Methanol

Albizzia lebbeck[96] Fabaceae Leaves 70% Ethanol

Sadullah et al., J Adv Sci Res, 2025; 16 (08): 12-21
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Thioacetamide
The original thioacetamide is extremely hepatotoxic and has 
fungicidal properties. Centrilobular necrosis is caused by the 
bioactivation of sulfine (sulfoxide) and sulfene (sulfone) metabolites by 
flavin- and/or CYP450 with monooxygenase (FMO) systems [58,59].

This metabolite leads to liver fibrosis. Thioacetamide disrupts 
the mobility of RNA that travels from the nucleus to the cytoplasm 
and may cause membrane damage [60].

Hepatoprotective Agents
Phyto-compounds that have a (possibly) therapeut ic and 
protective impact on liver cells are known as hepatoprotectants or 
hepatoprotective agents. For ages, medicinal herbs have been used 
in the Ayurvedic school of Indian medicine, address basic healthcare 
needs. For thousands of years, plant-based treatments have been 
relied upon for preventing and managing health issues, including 
liver conditions [10].

Indian medicinal plants are also a valuable source of antioxidants, 
which are known to help prevent various health issues. Antioxidant 
benefits occur at multiple levels, while medicinal plants also contain 
other advantageous components like phytochemicals that contribute 
to functional food products. Increasing global awareness of Ayurveda 
and Indian herbal medicine is anticipated to strengthen understanding 
of the evidence supporting these plants, bringing fruitful results in 
the future. Medicinal plants have a long history of conventional use 
in treating liver-related issues and are frequently thought of as more 
reliable and effective solutions. These plants have long been used by 
numerous Indian local and tribal cultures to treat a variety of illnesses 
[12]. Mainly, herbal remedies have been employed for tackling liver 
disorders. Herbal compounds naturally facilitate healing processes 
within the body. Herbal remedies are becoming more popular 
worldwide as a means of preventing illnesses and preserving health. 
According to WHO estimates, 4 billion people use herbal medicines 
as part of their primary healthcare regimens [13,14].

Herbal remedies
Modern Pharmaceuticals has a few plant-based solutions that are 
used to treat liver disorders, and it is designed to address certain 
conditions [61]. The most profitable sort of herbal medicine is 
conventional medicine, which is used by around 80% of the population 
The WHO’s traditional medicine relies on the population, fact sheet 
number 134, published in December 2008. These have expanded as 
a result of their growing importance and appeal in recent years due 
to their affordability, safety, effectiveness, and ease of access. There 
are 33 plants in India that use more than 87 kinds. Plant with several 
components that are protected by a patent, about 40 commercial 
polyherbal preparations and formulations formulas said to be 
hepatoprotective, utilizing action. Approximately 160 phytochemicals 
from 101 medicinal plants have been reported to have hepatoprotective 
effects [62] (Tables 1 and 2).

CONCLUSION
This study compiles various pharmacological approaches for treating 
liver disorders, with a particular focus on medicinal plants that have 
undergone experimental evaluation. It highlights the need to isolate 
and identify key bioactive compounds from these plants that may 
provide liver-protective benefits. Herbal treatments are thought to 
have preventive effects because they can reduce oxidative stress and 
modify metabolic pathways linked to liver injury. Due to their high 
content of phytonutrients with potent antioxidant effects, medicinal 
plants are considered valuable allies in preventing liver damage. The 
results underscore the importance of continued pharmacological 
investigations and the systematic recording of traditional medicinal 
flora.

REFERENCES
1.	 Su LJ, Ding GW, Yang ZL, Zhang SB, Yang YX, Xu CS. Expression 

patterns and action analysis of genes associated with hepatitis 
virus infection during rat liver regeneration. World J Gastroenterol. 
2006;12(47):7626-7634, doi:10.3748/wjg.v12.i47.7626.

2.	 Lu Y, Hu D, Ma S, et al. Protective effect of wedelolactone against CCl4-
induced acute liver injury in mice. Int Immunopharmacol. 2016;34:44-52, 
doi:10.1016/j.intimp.2016.02.003.

3.	 Woolbright BL, Jaeschke H. The impact of sterile inflammation in acute 
liver injury. J Clin Transl Res. 2017;3(Suppl 1):170-188, doi:10.18053/
jctres.03.2017S1.003

4.	 Masuda Y. Learning toxicology from carbon tetrachloride-induced 
hepatotoxicity. J Pharm SocJpn. 2006;126(10):885-99, doi:10.1248/
yakushi.126.885.

5.	 Singh D, Cho WC, Upadhyay G. Drug-Induced Liver Toxicity and 
Prevention by Herbal Antioxidants: An Overview. Front Physiol. 
2016;6:363. Published 2016 Jan 26. doi:10.3389/fphys.2015.00363.

6.	 Adewale OB, Adekeye AO, Akintayo CO, Onikanni A, Saheed S. 
Carbon tetrachloride (CCl4)-induced hepatic damage in experimental 
Sprague Dawley rats: Antioxidant potential of Xylopiaaethiopica. Int J 
Pharmacol. 2014;3(2):118-23.

7.	 Papackova Z, Heczkova M, Dankova H, et al. Silymarin prevents 
acetaminophen-induced hepatotoxic ity in mice. PLoS One. 
2018;13(1):e0191353. Published 2018 Jan 17. doi:10.1371/journal.
pone.0191353

8.	 Wang X et al. Paracetamol: overdose-induced oxidative stress toxicity, 
metabolism, and protective effects of various compounds in vivo and 
in-vitro. Drug Metab Rev. 2017;49(4):395-437. doi:10.1080/03602532

Table 2: Bioactive plant constituents with hepatoprotective effects

Plant Source Family Phyto constituent

Curcuma longa[97] Zingiberaceae Curcumin

Gingerber officinalis[98] Zingiberaceae Gingerol

Alium sativum[99] Amaryllidaceae S-Allyl-L-Cysteine

Glycine max[100] Fabaceae Genistein

Camelia sinensis[101] Theaceae Epicatechinsgallate

Vitis vinifera[102] Vitaceae Resveratrol

Picrorhiza kurroa[103] Plantaginaceae Picroside II

Ventilago madraspatana[104] Rhamnaceae Emodin

Anastatica hierochuntica[105] Brassicaceae Anastatins A

Acacia confuse[106] Fabaceae Galli acid

Cirsium japonicum[107] Asteraceae Apigenin-7-glucuronide

Nigella sativa[108] Ranunculaceae Thymoquinone

Capparis spinosa[109] Capparaceae Quercetin

Glycyrrhiza glabra[110] Fabaceae Glycyrrhizin

Clerodendrum[111] Lamiaceae Ursolic acid

Sadullah et al., J Adv Sci Res, 2025; 16 (08): 12-21



Journal of Advanced Scientific Research, 2025; 16 (08): August - 2025

18
.2017.1354014.

9.	 Yang J, Li Y, Wang F, Wu C. Hepatoprotective effects of apple 
polyphenols on CCl4-induced acute liver damage in mice. J Agric Food 
Chem. 2010;58(10):6525-6531. doi:10.1021/jf903070a

10.	 Huseini HF, Alavian SM, Heshmat R, Heydari MR, Abolmaali K. The 
efficacy of Liv-52 on liver cirrhotic patients: a randomized, double-
blind, placebo-controlled first approach. Phytomedicine. 2005;12(9):619-
624. doi:10.1016/j.phymed.2004.10.003

11.	 Murugaian P, Ramamurthy V, Karmegam N. Hepatoprotective Activity 
of wedeliacalendulacea L. Against Acute Hepatotoxicity in Rats. Res J 
AgriBiol Sci. 2008;4(6):685-7. 

12.	 Shakya AK. Medicinal plants: Future source of new drugs. I Journal of 
Herbal Med. 2016;4(4):59-64

13.	 Jain S, Mohan R, Rai R. Ocimum sanctum as an Herbal Medicine: A 
Review. Int J Oral Maxillofac Implants. 2015;1:1-12. 

14.	 Jose JK, Kuttan R. Hepatoprotective activity of Emblica officinalis and 
Chyavanaprash. J Ethnopharmacol. 2000;72(1-2):135-140. doi:10.1016/
s0378-8741(00)00219-1

15.	 Hassan HA. Oxidative stress as a crucial factor in liver associated 
disorders: Potential therapeutic effect of antioxidants. InThe liver 2018 
Jan 1 (pp. 121-130). Academic Press.

16.	 Bunchorntavakul C, Reddy KR. Acetaminophen-related hepatotoxicity. 
Clin Liver Dis. 2013;17(4):587-viii. doi:10.1016/j.cld.2013.07.005

17.	 Schilling A, Corey R, Leonard M, Eghtesad B. Acetaminophen: old 
drug, new warnings. Cleve Clin J Med. 2010;77(1):19-27. doi:10.3949/
ccjm.77a.09084

18.	 Grattagliano I, Bonfrate L, Diogo CV, Wang HH, Wang DQ, Portincasa 
P. Biochemical mechanisms in drug-induced liver injury: certainties and 
doubts. World J Gastroenterol. 2009;15(39):4865-4876. doi:10.3748/
wjg.15.4865

19.	 Jaeschke H, McGill MR, Williams CD, Ramachandran A. Current 
issues with acetaminophen hepatotoxicity--a clinically relevant model 
to test the efficacy of natural products. Life Sci. 2011;88(17-18):737-745. 
doi:10.1016/j.lfs.2011.01.025

20.	 Tirmenstein MA, Nelson SD. Subcellular binding and effects 
on calc ium homeostasis produced by acetaminophen and a 
nonhepatotoxicregioisomer, 3’-hydroxyacetanilide, in mouse liver. J 
Biol Chem. 1989;264(17):9814-9819.

21.	 Björnsson E, Olsson R. Suspected drug-induced liver fatalities reported 
to the WHO database. Dig Liver Dis. 2006;38(1):33-38. doi:10.1016/j.
dld.2005.06.004

22.	 Isik B, Bayrak R, Akcay A, Sogut S. Erdosteine against acetaminophen 
induced renal toxicity. Mol Cell Biochem. 2006;287(1-2):185-191. 
doi:10.1007/s11010-005-9110-6

23.	 Jaeschke H, Xie Y, McGill MR. Acetaminophen-induced Liver Injury: 
from Animal Models to Humans. J Clin Transl Hepatol. 2014;2(3):153-
161. doi:10.14218/JCTH.2014.00014

24.	 Yoon E, Babar A, Choudhary M, Kutner M, Pyrsopoulos N. 
Acetaminophen-Induced Hepatotoxicity: a Comprehensive Update. J 
Clin Transl Hepatol. 2016;4(2):131-142. doi:10.14218/JCTH.2015.00052

25.	 Boll M, Weber LW, Becker E, Stampfl A. Mechanism of carbon 
tetrachloride-induced hepatotoxicity. Hepatocellular damage by 
reactive carbon tetrachloride metabolites. Z Naturforsch C J Biosci. 
2001;56(7-8):649-659. doi:10.1515/znc-2001-7-826

26.	 Sahreen S, Khan MR, Khan RA. Hepatoprotective effects of methanol 
extract of Carissa opaca leaves on CCl4-induced damage in rat. 
BMC Complement Altern Med. 2011;11:48. Published 2011 Jun 24. 
doi:10.1186/1472-6882-11-48

27.	 Vakati K, Rahman H, Eswaraiah MC, Dutta AM. Evaluation of 
hepatoprotective activity of ethanolic extract of Aquilariaagallocha 

leaves (EEAA) against CCl4induced hepatic damage in rat. Scholars J 
App Med Sci. 2013;1(1):9-12.

28.	 Yang J, Li Y, Wang F, Wu C. Hepatoprotective effects of apple 
polyphenols on CCl4-induced acute liver damage in mice. J Agric Food 
Chem. 2010;58(10):6525-6531. doi:10.1021/jf903070a

29.	 Yang BY, Zhang XY, Guan SW, Hua ZC. Protective Effect of 
Procyanidin B2 against CCl4-Induced Acute Liver Injury in Mice. 
Molecules. 2015;20(7):12250-12265. Published 2015 Jul 3. doi:10.3390/
molecules200712250

30.	 Zou J, Qi F, Ye L, Yao S. Protective Role of Grape Seed Proanthocyanidins 
Against Ccl4 Induced Acute Liver Injury in Mice. Med Sci Monit. 
2016;22:880-889. Published 2016 Mar 17. doi:10.12659/msm.895552

31.	 Dua TK, Ashraf GJ, Palai S, Baishya T, Nandi G, Sahu R, Paul P. The 
protective role of probiotics in the mitigation of carbon tetrachloride 
(CCl4) induced hepatotoxicity. Food Chemistry Advances. 2023 Oct 
1;2:100205.

32.	 Asrani SK, Mellinger J, Arab JP, Shah VH. Reducing the Global Burden 
of Alcohol-Associated Liver Disease: A Blueprint for Action. Hepatology. 
2021;73(5):2039-2050. doi:10.1002/hep.31583

33.	 Cederbaum AI. Alcohol metabolism. Clin Liver Dis. 2012;16(4):667-685. 
doi:10.1016/j.cld.2012.08.002

34.	 Seitz HK, Bataller R, Cortez-Pinto H, et al. Alcoholic liver disease. 
Nat Rev Dis Primers. 2018;4(1):16. Published 2018 Aug 16. doi:10.1038/
s41572-018-0014-7

35.	 Louvet A, Mathurin P. Alcoholic liver disease: mechanisms of injury and 
targeted treatment. Nat Rev Gastroenterol Hepatol. 2015;12(4):231-242. 
doi:10.1038/nrgastro.2015.35

36.	 Singal AK, Louvet A, Shah VH, Kamath PS. Grand Rounds: 
Alcoholic Hepatitis. J Hepatol. 2018;69(2):534-543. doi:10.1016/j.
jhep.2018.05.001

37.	 Cederbaum AI. CYP2E1--biochemical and toxicological aspects and 
role in alcohol-induced liver injury. Mt Sinai J Med. 2006;73(4):657-672.

38.	 Wu D, Cederbaum AI. Alcohol, oxidative stress, and free radical 
damage. Alcohol Res Health. 2003;27(4):277-284.

39.	 Lu SC. Regulation of glutathione synthesis. Mol Aspects Med. 2009;30(1-
2):42-59. doi:10.1016/j.mam.2008.05.005

40.	 Hoek JB, Pastorino JG. Ethanol, oxidative stress, and cytokine-
induced liver cell injury. Alcohol. 2002;27(1):63-68. doi:10.1016/
s0741-8329(02)00215-x

41.	 Bailey SM, Cunningham CC. Contribution of mitochondria to oxidative 
stress associated with alcoholic liver disease. Free Radic Biol Med. 
2002;32(1):11-16. doi:10.1016/s0891-5849(01)00769-9

42.	 Poli G. Pathogenesis of liver fibrosis: role of oxidative stress. Mol Aspects 
Med. 2000;21(3):49-98. doi:10.1016/s0098-2997(00)00004-2

43.	 Szabo G, Bala S. Alcoholic liver disease and the gut-liver axis. World 
J Gastroenterol. 2010;16(11):1321-1329. doi:10.3748/wjg.v16.i11.1321

44.	 Mandrekar P, Szabo G. Signalling pathways in alcohol-induced liver 
inf lammation. J Hepatol. 2009;50(6):1258-1266. doi:10.1016/j.
jhep.2009.03.007

45.	 Niemelä O. Distribution of ethanol-induced protein adducts in vivo: 
relationship to tissue injury. Free Radic Biol Med. 2001;31(12):1533-1538. 
doi:10.1016/s0891-5849(01)00744-4

46.	 Ceni E, Mello T, Galli A. Pathogenesis of alcoholic liver disease: role of 
oxidative metabolism. World J Gastroenterol. 2014;20(47):17756-17772. 
doi:10.3748/wjg.v20.i47.17756

47.	 Behari J, Sylvester KG. Role of the Wnt/β-Catenin Pathway in 
the Pathogenesis of Alcoholic Liver Disease. Curr Mol Pharmacol. 
2017;10(3):186-194. doi:10.2174/1874467208666150817111256

48.	 Laposata EA, Lange LG. Presence of nonoxidative ethanol metabolism 
in human organs commonly damaged by ethanol abuse. Science. 

Sadullah et al., J Adv Sci Res, 2025; 16 (08): 12-21



Journal of Advanced Scientific Research, 2025; 16 (08): August - 2025

19
1986;231(4737):497-499. doi:10.1126/science.3941913

49.	 Javed MA, Wen L, Awais M, et al. TRO40303 Ameliorates Alcohol-
Induced Pancreatitis Through Reduction of Fatty Acid Ethyl Ester-
Induced Mitochondrial Injury and Necrotic Cell Death. Pancreas. 
2018;47(1):18-24. doi:10.1097/MPA.0000000000000953

50.	 Hussein JS, Oraby FS, El-Shafey N. Antihepatoxic effect of Garlic and 
Onion Oils on Ethanol induced liver injury in Rats. J ApplSci Res. 
2007;3(11):1527-33.

51.	 Marchisello S, Di Pino A, Scicali R, et al. Pathophysiological, Molecular 
and Therapeutic Issues of Non-alcoholic Fatty Liver Disease: An 
Overview. Int J Mol Sci. 2019;20(8):1948. Published 2019 Apr 20. 
doi:10.3390/ijms20081948

52.	 Deeb A, Attia S, Mahmoud S, Elhaj G, Elfatih A. Dyslipidemia 
and Fatty Liver Disease in Overweight and Obese Children. J Obes. 
2018;2018:8626818. Published 2018 Jun 12. doi:10.1155/2018/8626818

53.	 Kullak-Ublick GA, Andrade RJ, Merz M, et al. Drug-induced 
liver injury: recent advances in diagnosis and risk assessment. Gut. 
2017;66(6):1154-1164. doi:10.1136/gutjnl-2016-313369

54.	 Atkinson RL. Current status of the field of obesity. Trends Endocrinol 
Metab. 2014;25(6):283-284. doi:10.1016/j.tem.2014.03.003

55.	 Wójcicki J, Samochowiec L, Hinek A. The effect of Cernitins on 
galactosamine-induced hepatic injury in rat. Arch Immunol Ther Exp 
(Warsz). 1985;33(2):361-370.

56.	 Koff RS, Fitts JJ, Sabesin SM, Zimmerman HJ. D-galactosamine 
hepatotoxicity. II. Mechanism of fatty liver production. Proc Soc Exp Biol 
Med. 1971;138(1):89-92. doi:10.3181/00379727-138-35837

57.	 Pickering RW, James GW, Parker FL. An investigation and some 
parameters that affect the galactosamine model of hepatitis in the rat. 
Arzneimittelforschung. 1975;25(6):898-901.

58.	 Hunter AL, Holscher MA, Neal RA. Thioacetamide-induced hepatic 
necrosis. I. Involvement of the mixed-function oxidase enzyme system. 
J Pharmacol Exp Ther. 1977;200(2):439-448.

59.	 Porter WR, Gudzinowicz MJ, Neal RA. Thioacetamide-induced hepatic 
necrosis. II. Pharmacokinetics of thioacetamide and thioacetamide-S-
oxide in the rat. J Pharmacol Exp Ther. 1979;208(3):386-391.

60.	 Ahmad F, Tabassum N. Experimental models used for the study of 
antihepatotoxic agents. Journal of Acute Disease. 2012 Jan 1;1(2):85-9.

61.	 Orhan DD, Orhan N, Ergun E, Ergun F. Hepatoprotective effect of 
Vitis vinifera L. leaves on carbon tetrachloride-induced acute liver 
damage in rats. J Ethnopharmacol. 2007;112(1):145-151. doi:10.1016/j.
jep.2007.02.013

62.	 Gauthaman K. Hepatoprotective Herbs–A Review. International. 
Journal of Research in Pharmaceutical. Science. 2010;1:1-5.

63.	 Arthika S, Shanthammal Y, Sheryl Igal N, Elankini P, Pramod 
Reddy G, Gaidhani SN, Ganesan R. Hepatoprotective activity of the 
ethanolic extract of Azima tetracantha against paracetamol-induced 
hepatotoxicity in wistar albino rats. Journal of Advances in Pharmacy 
and Healthcare Research. 2011;1(2):14-21.

64.	 Parmar SR, Vashrambhai PH, Kalia K. Hepatoprotective activity of 
some plants extract against paracetamol-induced hepatotoxicity in rats. 
J Herbal Med Toxicol. 2010;4(2):101-6.

65.	 Sanapala AK, Kumar KE. Hepatoprotective activity of aqueous fruit 
extract of Coccinia indica against paracetamol induced hepatotoxicity 
in rats.

66.	 Ramadoss S, Kannan K, Balamurugan K, Jeganathan NS and Manavalan 
R: Evaluation of Hepato-Protective Activity in the Ethanolic Extract 
of Sidarhombifolia Linn. against Paracetamol - Induced Hepatic Injury 
in Albino Rats. Research Journal of Pharmaceutical, Biological and 
Chemical Sciences 2012; 3(1): 497-502

67.	 Hemamalini K, Krishna RV, Vasireddy U, Bhargav A. Hepatoprotective 

activity of Tabebuia rosea and Solanum pubescens against paracetamol 
induced hepatotoxicity in rats. Asian J Pharm Clin Res. 2012;5:153-667.

68.	 Abhishek KS, Sanjiv S and Chandel HS: Evaluation of hepatoprotective 
activity of abelmoschusmoschatus seed in paracetamol induced 
hepatotoxicity on rat. IOSR Journal of Pharmacy 2012; 2(5): 43-50.
doi:10.9790/3013-25304350

69.	 Hegde K, Joshi AB. Hepatoprotective effect of Carissa carandas Linn 
root extract against CCl4 and paracetamol induced hepatic oxidative 
stress. Indian J Exp Biol. 2009;47(8):660-6

70.	 Ahsan R, Islam KM, Musaddik A, Haque E. Hepatoprotective activity of 
methanol extract of some medicinal plants against carbon tetrachloride 
induced hepatotoxicity in albino rats. Global Journal of pharmacology. 
2009;3(3):116-22.

71.	 Ahmed S, Rahman A, Alam A, Saleem M, Athar M, Sultana S. 
Evaluation of the efficacy of Lawsonia alba in the alleviation of 
carbon tetrachloride-induced oxidative stress. J Ethnopharmacol. 
2000;69(2):157-164. doi:10.1016/s0378-8741(99)00091-4

72.	 Shahjahan M, Sabitha KE, Jainu M, Shyamala Devi CS. Effect of Solanum 
trilobatum against carbon tetrachloride induced hepatic damage in 
albino rats. Indian J Med Res. 2004;120(3):194-198.

73.	 Rajesh MG, Latha MS. Protective activity of Glycyrrhiza glabra Linn. 
on carbon tetrachloride-induced peroxidative damage. indian Journal 
of Pharmacology. 2004 Sep 1;36(5):284-7.

74.	 Jadhav VB, Thakare VN, Suralkar AA, Deshpande AD, Naik 
SR. Hepatoprotective activity of Luffa acutangula against CCl4 
and rifampicin induced liver toxicity in rats: a biochemical and 
histopathological evaluation. Indian J Exp Biol. 2010;48(8):822-829.

75.	 Osadebe PO, Okoye FB, Uzor PF, Nnamani NR, Adiele IE, Obiano 
NC. Phytochemical analysis, hepatoprotective and antioxidant activity 
of Alchornea cordifolia methanol leaf extract on carbon tetrachloride-
induced hepatic damage in rats. Asian Pac J Trop Med. 2012;5(4):289-293. 
doi:10.1016/S1995-7645(12)60041-8

76.	 Hogade MG, Patil KS, Wadkar GH, Mathapati SS, Dhumal PB. 
Hepatoprotective activity of Morus alba (Linn.) leaves extract against 
carbon tetrachloride induced hepatotoxicity in rats. Afr J Pharm 
Pharmacol. 2010 Oct 1;4(10):731-4.

77.	 Shyamal S, Latha PG, Shine VJ, Suja SR, Rajasekharan S, Ganga Devi T. 
Hepatoprotective effects of Pittosporum neelgherrenseWight&Arn., a 
popular Indian ethnomedicine. J Ethnopharmacol. 2006;107(1):151-155. 
doi:10.1016/j.jep.2006.02.018

78.	 Swar na lat ha L , Reddy PN. Hepatoprotec t ive ac t iv it y of 
Sphaeranthusamaranthoides on D–galactosamine induced hepatitis in 
albino rats. Asian Pacific Journal of Tropical Biomedicine. 2012 Jan 
1;2(3):S1900-5.

79.	 Pandian S, Badami S and Shankar M: Hepatoprotective activity of 
Methanolic Extract of Oldenlandia D – Galactosamine Induced Rats. 
International Journal of Applied Research in Natural Products 2008; 
6 (1): 16-19.

80.	 Pradeep D, Tanaji N, Mahendra Singh R, Anil M and Nithin J: 
Hepatoprotective activity of Calotropis gigantea Root bark experimental 
liver damage induced by D-galactosamine in rats. International Journal 
of Pharmaceutical Sciences and Nanotechnology 2008; 1(3): 281-286.

81.	 Ganesan R, Venkatanarasimhan M, Sharad P, Pramodreddy 
G, Anandan T and Masilamani G: Hepatoprotective effect of 
Coldeniaprocumbenslinn against D-galactosamine induced acute liver 
damage in rats. International Journal of Integrative sciences, Innovation 
and Technology 2013; 2(2): 9-11.

82.	 Parmar HB, Das SK, Gohil KJ. Hepatoprotective activity of Macrotyloma 
uniflorum seed extract on paracetamol and D-galactosamine induced 
liver toxicity in albino rats. International Journal of Pharmacological 

Sadullah et al., J Adv Sci Res, 2025; 16 (08): 12-21



Journal of Advanced Scientific Research, 2025; 16 (08): August - 2025

20
Research. 2012;2(2):86-91.

83.	 Dha naba l  SP, Sya ma la G, S at i sh Ku mar M N, Su resh B . 
Hepatoprotective activity of the Indian medicinal plant Polygala 
arvensis on D-galactosamine-induced hepatic injury in rats. Fitoterapia. 
2006;77(6):472-474. doi:10.1016/j.fitote.2006.05.022

84.	 Han KH, Hashimoto N, Shimada K, et al. Hepatoprotective effects of 
purple potato extract against D-galactosamine-induced liver injury 
in rats. BiosciBiotechnolBiochem. 2006;70(6):1432-1437. doi:10.1271/
bbb.50670

85.	 Kotoky J, Dasgupta B, Sarma GK. Protect ive propert ies of 
Leucas lavendulaefolia extracts against D-galactosamine induced 
hepatotoxicity in rat. Fitoterapia. 2008;79(4):290-292. doi:10.1016/j.
fitote.2007.11.026

86.	 Aniya Y, Koyama T, Miyagi C, et al. Free radical scavenging 
a nd  h e p a t oprot e c t i ve  a c t io n s  o f  t h e  me d ic i n a l  h e r b, 
Crassocephalumcrepidioides from the Okinawa Islands. Biol Pharm 
Bull. 2005;28(1):19-23. doi:10.1248/bpb.28.19

87.	 Anbarasu C, Rajkapoor B, Bhat KS, Giridharan J, Amuthan AA, Satish 
K. Protective effect of Pisonia aculeata on thioacetamide induced 
hepatotoxicity in rats. Asian Pac J Trop Biomed. 2012;2(7):511-515. 
doi:10.1016/S2221-1691(12)60087-2

88.	 Amin ZA, Alshawsh MA, Kassim M, Ali HM, Abdulla MA. Gene 
expression profiling reveals underlying molecular mechanism of 
hepatoprotective effect of Phyllanthus niruri on thioacetamide-induced 
hepatotoxicity in Sprague Dawley rats. BMC Complement Altern Med. 
2013;13:160. Published 2013 Jul 5. doi:10.1186/1472-6882-13-160

89.	 Kadir FA, Kassim NM, Abdulla MA, Yehye WA. Hepatoprotective 
Role of Ethanolic Extract of Vitex negundo in Thioacetamide-Induced 
Liver Fibrosis in Male Rats. Evid Based Complement Alternat Med. 
2013;2013:739850. doi:10.1155/2013/739850

90.	 Alshawsh MA, Abdulla MA, Ismail S, Amin ZA. Hepatoprotective 
Effects of Orthosiphon stamineus Extract on Thioacetamide-
Induced Liver Cirrhosis in Rats. Evid Based Complement Alternat Med. 
2011;2011:103039. doi:10.1155/2011/103039

91.	 Kumar P, Rao GD, Bilakanti L, Setty SR. Hepatoprotective effect of 
ethanol extract of tubers of Momordica tuberosa cogn, in thioacetamide-
induced hepatic damage. Pharmacologyonline. 2008;3:181-9.

92.	 Kadir FA, Othman F, Abdulla MA, Hussan F, Hassandarvish P. Effect 
of Tinosporacrispa on thioacetamide-induced liver cirrhosis in rats. 
Indian J Pharmacol. 2011;43(1):64-68. doi:10.4103/0253-7613.75673

93.	 Prasanna Kumar S, BasheeruddinAsdaq SM, Prem Kumar N, Asad 
M, Khajuria DK. Protective Effect OfZizyphus Jujuba Fruit Extract 
Against Paracetamol And Thioacetamide Induced Hepatic Damage In 
Rats. The Internet Journal of Pharmacology. 2009;7(1).

94.	 Ahmed MB, Hasona NA, Selemain HA. Protective effects of extract 
from dates (Phoenix dactylifera L.) and ascorbic acid on thioacetamide-
induced hepatotoxicity in rats.

95.	 Prabha SP, Ansil PN, Nitha A, Wills PJ, Latha MS. Preventive and 
curative effect of methanolic extract of Gardenia gummifera Linn. f. 
on thioacetamide induced oxidative stress in rats. Asian Pacific Journal 
of Tropical Disease. 2012 Apr 1;2(2):90-8.

96.	 Shirode DS, Jain BB. Mahendra kumar CB and Setty SR: Hepatoprotective 
and antioxidant effects of Albizzia lebbeck against thioacetamide induced 
hepatotoxicity in rats. Journal of Chemical and Pharmaceutical sciences. 
2012;5:199-204.

97.	 Kyung EJ, Kim HB, Hwang ES, et al. Evaluation of Hepatoprotective 
Effect of Curcumin on Liver Cirrhosis Using a Combination of 
Biochemical Analysis and Magnetic Resonance-Based Electrical 
Conductivity Imaging. Mediators Inflamm. 2018;2018:5491797. Published 
2018 May 17. doi:10.1155/2018/5491797

98.	 Abdel-Azeem AS, Hegazy AM, Ibrahim KS, Farrag AR, El-Sayed 
EM. Hepatoprotective, antioxidant, and ameliorative effects of ginger 
(Zingiber officinale Roscoe) and vitamin E in acetaminophen treated 
rats. J Diet Suppl. 2013;10(3):195-209. doi:10.3109/19390211.2013.
822450

99.	 Shrivastava S. S-allyl-cysteines reduce amelioration of aluminum 
induced toxicity in rats. Am. J. Biochem. Biotechnol. 2011 Oct 
26;7(2):74-83.

100.	 Fragoso RL, Ayala AE, García VG, Esparza RJ. Genistein produces 
Hepatoprotection through modulating EGFR expression and 
phosphorylation in experimental fibrosis. J Liver. 2016;5(196):2167-
889.

101.	Dimmito MP, Stefanucci A, Della Valle A, Scioli G, Cichelli A, Mollica 
A. An overview on plants cannabinoids endorsed with cardiovascular 
effects. Biomed Pharmacother. 2021;142:111963. doi:10.1016/j.
biopha.2021.111963

102.	Shanmugam B, Shanmugam KR, Ravi S, et al. Exploratory Studies 
of (-)-Epicatechin, a Bioactive Compound of Phyllanthus niruri, 
on the Antioxidant Enzymes and Oxidative Stress Markers in 
D-galactosamine-induced Hepatitis in Rats: A Study with Reference 
to Clinical Prospective. Pharmacogn Mag. 2017;13(Suppl 1):S56-S62. 
doi:10.4103/0973-1296.203973

103.	Verma PC, Basu V, Gupta V, Saxena G, Rahman LU. Pharmacology 
and chemistry of a potent hepatoprotective compound Picroliv 
isolated from the roots and rhizomes of Picrorhizakurroaroyle 
ex benth. (kutki). Curr Pharm Biotechnol. 2009;10(6):641-649. 
doi:10.2174/138920109789069314

104.	 Lee BH, Huang YY, Duh PD, Wu SC. Hepatoprotection of emodin 
and Polygonum multiflorum against CCl(4)-induced liver injury. Pharm 
Biol. 2012;50(3):351-359. doi:10.3109/13880209.2011.604335

105.	Yoshikawa M, Xu F, Morikawa T, Ninomiya K, Matsuda H. Anastatins 
A and B, new skeletal f lavonoids with hepatoprotective activities 
from the desert plant Anastatica hierochuntica. Bioorg Med Chem Lett. 
2003;13(6):1045-1049. doi:10.1016/s0960-894x(03)00088-x

106.	Qureshi SA, Jahan M, Lateef T, Ahmed D, Rais S, Azmi MB. Presence 
of gallic acid and rutin improve the hepatoprotective strength of 
Withaniacoagulans. Pak J Pharm Sci. 2019;32(1(Supplementary)):301-308.

107.	Zheng QS, Sun XL, Xu B, Li G, Song M. Mechanisms of apigenin-7-
glucoside as a hepatoprotective agent. Biomed Environ Sci. 2005;18(1):65-70.

108.	 Jaswal A, Sinha N, Bhadauria M, Shrivastava S, Shukla S. Therapeutic 
potential of thymoquinone against anti-antituberculosiss induced liver 
damage. Environ ToxicolPharmacol. 2013;36(3):779-786. doi:10.1016/j.
etap.2013.07.010

109.	Afifi NA, Ibrahim MA, Galal MK. Hepatoprotective influence of 
quercetin and ellagic acid on thioacetamide-induced hepatotoxicity 
in rats. Can J PhysiolPharmacol. 2018;96(6):624-629. doi:10.1139/
cjpp-2017-0651

110.	Chigurupati H, Auddy B, Biyani M, Stohs SJ. Hepatoprotective Effects 
of a Proprietary Glycyrrhizin Product during Alcohol Consumption: 
A Randomized, Double-Blind, Placebo-Controlled, Crossover Study. 
Phytother Res. 2016;30(12):1943-1953. doi:10.1002/ptr.5699

111.	Gutiérrez-Rebolledo GA, Siordia-Reyes AG, Meckes-Fischer M, 
Jiménez-Arellanes A. Hepatoprotective properties of oleanolic and 
ursolic acids in antitubercular drug-induced liver damage. Asian Pac J 
Trop Med. 2016;9(7):644-651. doi:10.1016/j.apjtm.2016.05.015

112.	Yoon E, Babar A, Choudhary M, Kutner M, Pyrsopoulos N. 
Acetaminophen-Induced Hepatotoxicity: a Comprehensive Update. J 
Clin Transl Hepatol. 2016;4(2):131-142. doi:10.14218/JCTH.2015.00052

113.	Jeong TB, Kwon D, Son SW, et al. Weaning Mice and Adult 
Mice Exhibit Differential Carbon Tetrachloride-Induced Acute 

Sadullah et al., J Adv Sci Res, 2025; 16 (08): 12-21



Journal of Advanced Scientific Research, 2025; 16 (08): August - 2025

21
Hepatotoxicity. Antioxidants (Basel). 2020;9(3):201. Published 2020 
Mar 1. doi:10.3390/antiox9030201

114.	Yan C, Hu W, Tu J, Li J, Liang Q, Han S. Pathogenic mechanisms 
and regulatory factors involved in alcoholic liver disease. J Transl Med. 

2023;21(1):300. Published 2023 May 4. doi:10.1186/s12967-023-
04166-8

115.	Caballería J. Current concepts in alcohol metabolism. Annals of 
hepatology. 2003;2(2):60-8.

HOW TO CITE THIS ARTICLE: Sadullah M, Akbar M, Ahmad T, Alam MI, Ali H. Current Status on Hepatotoxicity and Natural 
Hepatoprotective Agents. J Adv Sci Res. 2025;16(08): 12-21 DOI: 10.55218/JASR.2025160803

Sadullah et al., J Adv Sci Res, 2025; 16 (08): 12-21


