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ABSTRACT 

One of the largest organs in a mammalian body, the Liver serves a variety of purposes. The fact that the liver's activity 
cannot be replaced by artificial technology, despite intensive efforts, demonstrates its unique role. The liver is involved in 
the maintenance of the organism's homeostasis, and many important biochemical events in the human body, such as 
biomolecule synthesis and detoxification, take place here. Therefore, any damage or injury to the liver can lead to many 
fatal implications such as the necrosis of hepatocytes, fibrosis, decrease in lipid peroxidation, increase in glutathione 
levels and oxidative changes. Traditional medicine derived from plants has been used globally since years. The World 
Health Organization (WHO) has reported that nearly 80% of the total population in developing countries like India 
depends on medicines obtained from plants. In recent years, there has been a surge in the search and usage of 
medications and dietary supplements derived from plants, and a number of individuals with liver problems have used 
these as botanicals. The hepatoprotective role of many medicinal herbs used to treat liver diseases have been 
documented since the 16th century. The hepatoprotective role of these herbs is devoted to the antioxidant, anti-
inflammatory and antiapoptotic properties. Through the present review, an attempt has been made to present a broad 
and thorough database of information regarding the hepatoprotective role of potent phytochemicals present in 
medicinal plants. 
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INTRODUCTION 
Liver, the most important organ of the human body, is the primary site for metabolism of xenobiotics. It 
plays a crucial role in transforming toxic chemicals into intermediate compounds, such as the free 
radicals, which have the potential to alter structure and function of cellular macromolecules. Any injury 
or impairment of liver or its functions may lead to serious implications on human health [1].  
Hepatic damage is linked to changes in the metabolic processes of the liver, necrosis at cellular level, 
increased lipid peroxidation and depletion of glutathione levels. An elevation in the levels of biochemical 
markers such as transaminases, alkaline phosphatase, triglycerides and cholesterol is also reported in 
liver diseases [2]. 
The chemicals which are potent enough to cause liver injury are called as hepatotoxicants, and include 
chemicals such as N-nitrosodimethylamine, hydrazine and carbon disulfide. These chemicals can come 
directly from food, such as mushrooms and fruits, having hepatotoxin, or they can be generated during 
food processing, such as polycyclic aromatic hydrocarbons. Environmental toxicants such as inorganic 
elements also have the potential to cause liver injuries. For example, exposure to Beryllium causes liver 
necrosis in the middle zone of the liver. 
One of the most cited reasons for withdrawal of any drug from the market is the adverse effects to the 
liver. Drug induced hepatotoxicity is thought to account for nearly 5% of daily hospital admissions [3]. 
There are few treatment options for liver diseases, and the medicinal drugs lack efficacy, are costly and 
carries the risk of adverse effects [4]. So there is a need for effective therapeutic agents with minimal side 
effects for treating liver diseases. Plants potentially constitute such groups, which can be used as 
hepatoprotective agents. 
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Over the last few years, the usage of herbal extracts and other plant derived products have enormously 
increased and their safety and efficacy for treating hepatotoxicity appears to be favorable. There are 
many plant extracts like that of Andrographis paniculata, Ocimum sanctum, Solanum nigrum, Silybum 
marianum and Phyllanthus niruri which are scientifically proven to possess hepatoprotective roles [5].  
Phytochemicals are naturally occurring bioactive compounds present in plants. They protect the plant 
from a variety of diseases and add colour, aroma, and flavor to them. In general, they can be defined as 
naturally occurring chemicals that are derived from plants and provide protection against various 
hazardous toxins. These show hepatoprotective roles mainly due to their antioxidant effect but there are 
many other effects also such as immunomodulatory, antiviral and anti-inflammatory which are 
responsible for the protective nature. 
The use of herbal drugs for treating liver disorders is an ancient method of medicine, but now with 
advancements in research it is included as complementary and alternative medicine for treatment and 
prevention of liver diseases. Several hundred plants and the phytochemicals extracted from them have 
been reported for their effectiveness in the management of liver diseases and the results have shown that 
these offer hepatoprotection by mitigating the toxic effects of the hepatotoxic agents. Several 
formulations of single plant extract or numerous polyherbal formulations are now available for treating 
the signs of hepatotoxicity [6]. Some polyherbal or single herb formulations readily available in the 
market to treat hepatotoxicity are Silymarin, Milkthistle, Liv 52®, D-003®, Kava herbal dietary 
supplements, and Shekwasha. 
Therefore, this review provides an overview of plant derived compounds, or phytochemicals that have 
been found useful in the treatment of hepatotoxicity. The phytochemicals listed in the review have been 
found to reduce liver injury both in in vitro and in vivo liver toxicity models. Therefore, such 
Phytochemicals have been discussed in greater depth, with an emphasis on their source, chemical name 
and their mechanism of countering liver toxicity. 
Acanthoic Acid  
Acanthoic acid belongs to the category of diterpene and is extracted from the bark of Acanthopanax 
koreanum Nakai, family Arialaceae. Since time immemorial it is traditionally used to treat rheumatism, 
diabetes and hepatitis [7]. Wu et al., in [40] elaborated that pretreating the liver tissues with Acanthoic 
acid improved the antioxidants levels and inhibited the mechanism of peroxidation of lipid. Furthermore, 
it also inhibits apoptosis by ameliorating the hypoxia-inducing factors and caspases. 
Yao et al., [42] documented that oral administration of Acanthoic acid in mice increased the AST, ALT, ALP 
and LDH levels and also, reduced the accumulation of fat droplets in the liver. Further, it prevented 
alcohol-induced lipid deposition and inflammation by regulating liver kinases and receptors present in 
the liver. 
Amyrin 
Amyrins are triterpenes found in various plant materials such as the leaves, bark, wood, and resins of 
medicinal plants of several species of the Burseraceae family. The three isomers of Amyrin which occur 
naturally are α-amyrin, β-amyrin and δ-amyrin. Amyrin isomers are known for their hepatoprotective 
action by restoring enzymes and glutathione (GSH) levels of the liver. It also reduces the histopathological 
alterations and the mortality in a manner similar to N-acetylcysteine [8]. 
Furthermore, the role of Amyrin as a hepato modulator against the hepatic oxidative stress caused by 
Carbon tetrachloride (CCl4) [9] 
Anthocyanin 

Anthocyanins are water-soluble coloured pigments present in plants that belong to the phenolic class of 
phytochemicals and are well known for their hepatoprotective role against various toxicants. The 
anthocyanins from Hibiscus sabdariffa provide protection against the Acetaminophen-induced 
hepatotoxicity in the male mice and improve the levels of liver enzymes [10]. 
Administration of the purple-fleshed sweet potato anthocyanins to mice restored the liver enzymes, 
improved the antioxidant enzyme levels, inhibited peroxidation of lipids and diminished the GSH 
depletion from the mice liver [11]. Besides this, the anthocyanin rich extract of the black rice bean are 
also known to significantly decrease the serum levels of the liver enzymes such as the ALT, Superoxide 
dismutase (SOD) and Glutathione (GSH) increased due to the CCl4 intoxication [12]. 
Berberine 
Berberine, is an alkaloid that is obtained from the dietary plants, such as Berberis aristata. It is well 
known for its pharmacological, antimicrobial, antiviral, anti-inflammatory, hepatoprotective and 
anticancerous activities. The hepatoprotective role of Berberine was demonstrated by Janbaz and Gilani 
[18], against the Acetaminophen (APAP) induced hepatotoxicity. Feng et al., [13] demonstrated its 
protective role against CCl4 induced toxicity in the liver tissues. 
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It was observed that both pre- and post treating with doses of Berberine significantly reduced serum ALT 
and AST activities in a dose-dependent approach and lowered liver damage. Berberine was also reported 
to reduce mortality, restore levels of liver enzyme and inhibits the components of inflammasomes which 
are major mediator of inflammation requiring activation of cytokines that are generated upon the 
activation of caspase-1 in APAP induced hepatotoxicity [14]. 
Carvacrol 
Carvacrol, is a polyphenolic monoterpenoid that is present in the essential oils of many herbs such as the 
Oregano (Origanum vulgare), Wild bergamot (Citrus aurantium bergamia), Thyme (Thymus vulgaris) and 
Pepperwort (Lepidium flavum) etc. It possesses several bioactive properties such as antimicrobial, 
antitumorous, anti-mutagenic, anti-inflammatory, Acetylcholinesterase inhibitor and antihepatotoxic. It 
also aids in hepatoprotection against various hepatotoxicants. The hepatoprotective property of 
Carvacrol against the D-galactosamine-induced hepatotoxicity in rats. Administration of carvacrol 
reduced elevated levels of liver enzymes and antioxidants. The results were also supported by the normal 
histology of the liver tissues [16]. Carvacrol was also reported to suppress the expression of the 
inflammatory marker genes such as TNF-α, IL-6,COX-2 and NF-κB in the liver tissues. Besides this 
Carvacrol role in hepatoprotection against N-nitrosodiethylamine induced liver injury [15] has also been 
documented.  
Curcumin 
Curcumin, is a yellow-coloured poly phenolic constituent present in rhizomes of Curcuma longa, 
commonly known as Turmeric. Curcumin possesses several health benefits. It has been shown to possess 
an anti-inflammatory properties and helps in the management of degenerative eye conditions. Therefore, 
it is considered “nature's medicine”. Most of the therapeutic benefits possessed by Curcumin are due to 
antioxidant and anti-inflammatory activities [17].  
The ameliorative effect of Curcumin against sodium-fluoride-induced hepatotoxicity indicated that 
Curcumin reduced the fluoride-induced abnormalities in serum biochemistry factors such as ALP, ALT, 
AST, total protein and albumin levels. These enzymes together protected the rat liver against the 
antioxidant enzyme imbalance and also reduced the peroxide levels [18]. The ameliorative effect of 
curcumin against lead acetate induced hepatotoxicity and haemato-biochemical alterations in rats [19]. 
Epigallacatechin-3-gallate 
Epigallacatechin-3-gallate, is a polyphenolic constituent and is an important catechin that present in 
several plants such as green tea and the black tea. It is known for its numerous pharmacological and 
therapeutic properties i.e., hepatoprotective, anticancerous, antiinflammatory, free radical scavenging 
and antioxidant.  
Studies have shown that it possesses hepatoprotective activity against chemically induced liver injuries 
[20]. Mice treated with Epigallacatechin-3-gallate have shown reduced biochemical DNA damage, 
antioxidant levels and pathological changes in the liver tissues [21]. It is also documented to curb the 
toxicity of APAP-induced hepatotoxicity by restoring the liver enzyme levels and suppressing activities of 
hepatic cytochromes and enzymes uridine diphosphate glucuronosyltransferase and sulfotransferase in 
the hepatocytes of rat liver [39]. 
Gallic Acid 
Gallic Acid, is a polyphenolic secondary metabolite present in different parts of the plants such as the 
leaves, bark, fruits, seeds, and wood. They are present in different concentrations in fruits and nuts such 
as blueberry, blackberry, strawberry, grapes, plum, mango, hazelnut etc. It is found in a free and 
combined state with tannins as gallotannins. Studies have reported its capability in regulating several 
biological activities: antibacterial, antiviral, anti-cancerous, anti-inflammatory, cardio-protective and 
hepatoprotective [22]. 
The hepatoprotective role of Gallic acid in restoring the liver enzymes and inhibiting the pro-
inflammatory cytokines. Mice fed with fruits rich in gallic acid have been observed to have better integrity 
of hepatic membranes [23]. The liver and bile duct enzymes also improved and the efficacy of the hepatic 
antioxidant enzymes uplifted on administration of Gallic acid [24]. 
Geranylgeranylacetone 
Geranylgeranylacetone, is a polyisoprenoid known for its anti-cancerous properties. It has been observed 
that it ameliorates the necrosis of the liver cells by inhibiting the activities of lipid peroxidase and 
myeloperoxidase; and by restoring the liver enzymes. [25]. 
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Xanthophylls  
Lutein, Zeaxanthin and Meso-Zeaxanthin are three Xanthophyll concentrate carotenoids of the human 
macula. Lutein and Zeaxanthin concentrates are obtained from green vegetables, but Meso-Zeaxanthin is 
almost absent in food sources. Meso-Zeaxanthin is produced at the region macula of the human eye by the 
conversion of the ingested carotenoids and is known to be an essential nutrient for the health of human 
eyes. The three xanthophylls besides providing protection against chronic eye conditions also give 
protection against cardiovascular diseases, strokes and eye diseases such as age-related macular 
degeneration and cataract. [26]. 
Firdous et al., 2011 documented that Meso-Zeaxanthin normalizes the levels of serum GSH levels and 
restores the liver enzymes which were affected due to APAP hepatotoxicity. The potent use of dietary 
Lutein in treating liver diseases. The study observed that Lutein improved the activities of the antioxidant 
enzymes and increased the mRNA and protein expression in the mice suffering from Arsenic induced 
toxicity via Nrf 2 Signaling [27]. 
Quercitin 
Quercitin, one of the most popular flavonoid compounds and a potent antioxidant agent, is present in a 
variety of plants. The hepatoprotective role of Quercitin has been documented in rat models and its role is 
known to provide protection against induced liver injuries. Besides being a hepatoprotective agent, it also 
acts as an effective treatment of cancer, cardio-vascular and renal diseases. 
There are reports that the oral intake of Quercitin protects the liver against ischemia and reperfusion 
injuries [28]. 
Upon administration with quercitin Bona et al., 2012, reported significant decrease in elevated serum 
levels of AST and ALT in the rats intoxicated with CCl4, supporting the hepatoprotective role of Quercitin. 
The administration of quercetin also causes a significant reduction in biochemical alterations, thus 
increasing the survivability in animals. By the restoration of liver enzymes Quercitin ameliorates APAP-
induced hepatotoxicity and inhibits liver peroxidation [29]. 
Rutin 
Rutin, chemically known 3,3’,4’,5,7-pentahydroxyflavone-3-rhamnoglucosid, is a polyphenolic flavonoid 
belonging to the class flavanols of the flavonoids and is abundantly found in various fruits such 
as cherries, grapes, plums and oranges. One of the best dietary sources of Rutin is Fagopyrum esculentum 
popularly known as Buckwheat. Rutin has various pharmacological properties such as antimicrobial, anti-
inflammatory, anti-allergic and antihypertensive [30]. The hepatoprotective role of Rutin was due to it 
having antioxidant, anti-inflammatory and organ protection properties in many animal studies. Rutin 
have been documented to restore the levels of liver enzymes and reduce mortality in mice intoxicated 
with CCl4 and paracetamol [19]. Rutin has also been associated with reducing the triglyceride levels and 
ameliorating the oxidative injuries in the fat-enriched hepatocytes in the mouse model of non-alcoholic 
fatty liver. It also represses autophagic function of the tissues of the liver by downregulation of the key 
autophagy markers [32]. 
Tannic Acid 
Tannic acid, a specific type of tannin, is a polyphenolic compound that is abundantly found in several 
fruits, vegetables, beverages e.g., strawberries, grapes, beans, coffee, cocoa and nuts.  Tannic acid 
possesses several activities such as it acts as an antioxidant, anti-inflammatory and anti-apoptotic. It has 
been documented to provide hepatoprotection against toxicities like Zhang et al., [44] elaborated the 
tannic acid hepatoprotective potential against the toxicity caused by acetaminophen. Administration of 
tannins restores the functions of the enzymes of the liver and inhibits the formation of endothelin-1, nitric 
oxides and malondialdehyde. In CCl4 induced hepatotoxicity, tannic acid restored the elevated levels of 
ALT, AST, GSH, SOD and dismutase. Further, it was also reported that tannic acid reduced steatosis 
degeneration and nodule formation in the liver cells [31]. 
Thymol 
Thymol, is a natural monoterpenoid derivative of cymene found primarily in the herb, Thyme. Due to its 
nutritional, biological and pharmacological values it has numerous health-promoting and disease-
preventing properties. Thymol possesses high antioxidant properties and has shown to alleviate the 
titanium dioxide nanoparticles liver injuries improving the enzymatic and non-enzymatic antioxidant 
defense along with histopathological preservation in liver tissues [35]. Geyikoglu et al., [15] reported 
hepatoprotective role of Thymol against the Drug toxicity. Thymol down regulated the levels of TNF-α, 
eNOS and some hepatic enzymes and upregulated the Prostaglandin E2 (PGE2) levels. 
Thymoquinone 
Thymoquinone, is the major bioactive quinone compound present in the seeds of Nigella sativa, popularly 
known as kali mirch. The compounds hold excellent pharmacological properties against various diseases 
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and exhibit anticancerous, anti-inflammatory, antioxidant, hepatoprotective and antimutagenic 
properties. Nagi et al., [25] reported that Thymoquinone reduced the increased levels of peroxidase and 
enzymes. It also down regulated the levels of GSH and ALP in APAP-induced hepatotoxicity. 
Significant Reduction in the necrosis and size of tumors was reported upon treatment with a combination 
of thymoquinone and CB-1954. The combination brought the elevated plasma levels of ALT and AST to 
normal in the liver tissues [35]. In a study, Aycan I.O. et al., [4] showed that thymoquinone, in a dose-
dependent manner, provides protection against acetaminophen-induced hepatotoxicity by suppressing 
elevated liver enzyme levels and liver injury scores in the mice. 
 
CONCLUSION 
Natural products, especially plant phytochemicals, can prove to be a promising therapeutic agent and 
replacement of the drugs in practice owing to the effectiveness, minimal or no side effects and 
ameliorative properties. The dietary nature is a bonus and gives all the more reason to decline the 
available drugs that cause toxicity to the human body. Remarkable phytochemicals like curcumin, thymol, 
catechins, rutins etc. are pharmacologically tested against treatment of liver diseases but still the present 
data is speculative for therapeutic usage, it could be further useful for the testing of phytochemicals in the 
clinical settings if their human safety is established. 
The pandemic years in India have witnessed a boom in the usage of herbal remedies, along with a 
renewal of interest in communities to further explore the therapeutic properties of medicinal plants. After 
the outbreak of Covid the sales and formulations of plant-based drugs have exponentially increased. 
The phytochemicals evaluated until now are generally non-toxic in nature; still a few studies regarding 
toxicity with repeated doses of phytochemicals are highlighted [8]. So, the appropriate selection of plant-
based drugs becomes obligatory. 
It is envisaged from the present review that plant-based drugs will reduce the risk of hepatotoxicity and 
will furnish a substitute that can be used for treating many liver diseases. 
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