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Abstract: The liver is an important organ for metabolism and removing harmful substances from the
body. However, liver injury and dysfunction are major issues for healthcare, the pharmaceutical industry, and
regulatory agencies. The liver can be harmed by various toxic substances, including certain antibiotics,
chemotherapy drugs, environmental toxins like carbon tetrachloride and thioacetamide, excessive alcohol,
and microbial infections. Current treatments often involve synthetic drugs that may worsen liver
damage. Therefore, herbal medicines are gaining interest as potential alternatives for liver disease
treatment. These remedies have been used for centuries, and this review aims to provide an overview of
effective plant-based phytochemicals tested in liver damage models. The goal is to identify natural compounds
that can protect and promote liver health.

Index Terms —Hepatoprotective, survey, Marketed product, Kalmegh, Milk Thistle, Jewel Orchid, Neem.

INTRODUCTION

The liver is an important organ that does many jobs in the body, but it is also prone to damage from various
sources. This includes harmful substances, infections, metabolic issues, blood flow problems, and
cancer. Liver disease is a major global health issue, causing around two million deaths yearly, which is about
4% of all deaths. Factors such as exposure to toxic substances, heavy drinking, and infections can harm the
liver, damaging its cells and leading to serious health problems that affect people’s lives and can be life-
threatening.

Mechanisms of Hepatotoxic agents:

Hepatotoxins are divided into two main types: Intrinsic and Idiosyncratic. Intrinsic hepatotoxins, like Carbon
tetrachloride, Thioacetamide, and Acetaminophen, damage the liver in a predictable way that depends on the
dose, with a consistent delay before damage occurs. In contrast, Idiosyncratic hepatotoxins, such as Halothane
and some Antibiotics, harm a small percentage of people exposed to them, and this damage does not depend
on the dose. The time between exposure and damage can vary widely, and these toxins are often hard to study
because their effects cannot be easily reproduced in animal experiments.

Well known hepatotoxins include:

1. Carbon tetrachloride (CCl4)

Liver damage resulting from Carbon tetrachloride (CCI4) occurs through a complicated process that involves
oxidative stress, lipid peroxidation, and inflammation. The CYP2E1 enzyme within the liver metabolizes
CCl4, creating toxic trichloromethyl and trichloromethyl peroxide radicals. These reactive radicals attach to
unsaturated fatty acids found in the membranes of hepatocytes, mitochondria, and the endoplasmic reticulum,
initiating a series of lipid peroxidation reactions that eventually cause hepatocyte injury and death.

Acute CCI4 poisoning leads to a notable surge in pro-inflammatory mediators such as TNF-a, IL-1p, IL-6,
NO, and Lipocalin 2-NGAL, while simultaneously reducing the levels of the anti-inflammatory cytokine IL-
10. This disparity fosters the onset of liver inflammation. The free radicals and reactive oxygen species (ROS)
produced by CCl4 damage activate multiple liver cell types, including Kupffer cells, stellate cells, and
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sinusoidal endothelial cells. These activated cells secrete pro-inflammatory cytokines like TNF-a, IL-1p, IL-
6, PGE2, and eicosanoids, which further intensify hepatocyte damage.

NGAL (Lipocalin-2) serves as a biomarker for liver inflammation that is associated with the severity of liver
injury. Injured hepatocytes release NGAL, which stimulates Kupffer cells to produce chemokines that recruit
neutrophils and monocytes to the inflammation site, enhancing the inflammatory response and tissue injury.
The pathogenesis of CCl4-induced liver damage encompasses a complex interaction of pro-inflammatory and
anti-inflammatory mediators. TNF-a is crucial in aggravating nitrosative stress by inducing iNOS and
releasing NO. Conversely, 1L-10 exerts a protective effect by inhibiting pro-inflammatory mediators and
alleviating liver inflammation. CCI4 exposure results in a notable rise in liver enzyme activities, including
aspartate aminotransferase (AST), alanine aminotransferase (ALT), and sorbitol dehydrogenase (SDH), due
to damage to cellular and subcellular membranes, resulting in their leakage into the systemic circulation.

2. Acetaminophen

A particular analgesic and antipyretic medication can lead to serious liver damage when consumed in high
doses, resulting in necrosis of liver cells. In standard therapeutic doses, the drug is mainly metabolized into
glucuronic or sulfated derivatives for elimination. A minor portion of the drug is transformed into intermediate
reactive compounds which are detoxified through conjugation with glutathione. However, when taken in
excessive quantities, the surplus is oxidized by the cytochrome P450 enzyme (primarily the CYP2E1 isoform),
producing a harmful intermediate known as N-acetyl-P-benzoquinone imine (NAPQI). Typically, NAPQI is
quickly conjugated with glutathione and removed from the body. However, when NAPQI levels surpass the
available glutathione, a covalent bond forms between the metabolite and proteins, resulting in adduct
formation, mitochondrial dysfunction, and oxidative stress. This ultimately leads to liver cell necrosis or
death. The mechanism underlying the liver damage caused by the medication involves a complex interplay of
metabolic processes and cellular mechanisms. Understanding this mechanism is vital for creating strategies
to prevent and treat drug-induced liver damage.

3. Ethanol

The liver is especially susceptible to the harmful effects of Ethanol. The main mechanism of injury is linked
to the metabolic breakdown of Ethanol by a particular enzyme, which initiates a sequence of oxidative stress
and produces Reactive Oxygen Species. This consequently results in an increase in Lipid peroxidation,
leading to changes in the composition of phospholipids within the cellular membrane. As a result, the structure
and integrity of the membrane are compromised, resulting in higher levels of a specific enzyme in the
bloodstream. Additionally, Ethanol has been demonstrated to hinder the functioning of an essential
Antioxidant enzyme, by diminishing the activity of other enzymes that are important for reducing oxidative
stress. The reduction in Antioxidant enzyme activity is believed to stem from the damaging effects of free
radicals generated during Ethanol metabolism. Alternatively, it is plausible that a byproduct of Ethanol
oxidation could directly affect these enzymes, further contributing to observed liver damage. Overall, the
relationship between Ethanol metabolism, oxidative stress, and Antioxidant defenses is intricate, and
additional research is necessary to completely comprehend the mechanisms behind Ethanol-induced liver
damage.

4. D-Galactosamine

The harm inflicted by a specific hepatotoxin resembles viral hepatitis regarding both morphological and
functional features. A single administration of this toxin can result in hepatocellular necrosis and fatty liver,
demonstrating its strong hepatotoxic properties. The toxicity mechanism involves the depletion of Uracil
Nucleotides, crucial for RNA and protein synthesis. This interference with cellular functions initiates a series
of events, including heightened cellular membrane permeability and dysfunctional ion pump activity.
Consequently, enzymes leak from the cell, and there is a notable rise in intracellular Calcium (Ca2+) levels.
This increase in Ca2+ concentrations is believed to play a significant role in cellular death, emphasizing the
intricate and multifaceted nature of the toxicity mechanism. The resemblances between the impacts of
hepatotoxin and viral hepatitis highlight the significance of understanding liver damage mechanisms, which
can aid in devising effective treatment strategies for liver ailments.
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5. Tert-Butyl hydro peroxide (t-BuOOH)

A particular substance is processed by Cytochrome P450 in hepatic cells, resulting in free radical generation.
This action initiates Lipid peroxidation, lowers Glutathione levels, and diminishes the mitochondrial
membrane potential, eventually culminating in cellular injury. The harm inflicted by this process is akin to
that of oxidative stress, which can arise in cells and tissues. Alternatively, the substance can be converted by
Glutathione Peroxidase into a less harmful compound, Tert-Butyl alcohol, along with Glutathione Disulfide
(GSSG). GSSG is reverted to reduced Glutathione (GSH) by GSSG reductase, with simultaneous oxidation
of Pyridine nucleotides (NADP).

These processes disrupt Calcium (Ca2+) homeostasis, considered a vital factor in the formation of disruptions
in the plasma membrane, resulting in cellular damage. The interaction between these mechanisms emphasizes
the complicated nature of cellular injury and the necessity of comprehending the foundational processes to
create effective therapeutic solutions.

6. Thioacetamide

A sulfur-containing organic compound, once employed as a fungicide, is currently utilized in various sectors,
including laboratories, textiles, and paper production, as well as leather treatment. Nevertheless, it is
recognized to induce both acute and chronic liver injury, influencing several cellular functions, including
protein, DNA, and RNA synthesis, in addition to the activity of Glutamyl transpeptidase (GGT).

The compound undergoes bioactivation through the Cytochrome P450 and Monooxygenase systems
containing Flavin, resulting in the production of Sulfoxide-type entities, such as Sulfine, and subsequently,
Sulfone-type compounds. Sulfine leads to changes in cellular permeability, escalates intracellular Calcium
(Ca2+) levels, and triggers nucleoli expansion, an increase in nuclear volume, and mitochondrial impairment.
Conversely, Sulfone-type compounds activate Nitric Oxide synthase and nuclear factor kappa B (NF-«xB),
culminating in protein denaturation and Lipid peroxidation. These processes contribute to the compound’s
hepatotoxic effects, underscoring the necessity of understanding liver damage mechanisms to formulate
effective therapeutic approaches. The compound's capacity to induce liver injury is a major concern, and its
application across diverse industries necessitates careful management and surveillance to reduce exposure.

Table 1:List of herbal plants showing Hepatoprotective activity with mechanism of action.

General Name Bol\'izmgal Mechanism of action Active Constituents | Reference
1.Kalmegh Andr(_)graphls Increases Nrf2 levels Andrographolide 10
paniculata
2 Milk thistle i youm Antioxidant Silymarin 11
marianum
3.3ewel orchid Anoectochilus Reductlon_ in OX|dat|_ve Kinsenoside 12
formosanus stress and inflammation
4.Neem Azgdw_achta Antioxidant Azadirachta 13
indica
i Cassia Anti oxidant, Chrysophanol,
5.Red cassia roxburghii Anti inflammatory Heptacosyl 14
6.Ivy gourd or Coccinia Lower value of serum Cucurbitacins 15
scarlet gourd grandis ALT, AST, and ALP.
7.Meadow Colchicum Inhibit production of -
. Colchicine 16
saffron, autumnale cytokins
) Flacourtia Reduce levels .Of liver Caffeic acid Ferulic
8.Indian plum indica enzymes like acid 17
SGOT,SGPT, SAP.
Foeniculum Lowering serum levels of Limonene,anethole
9.Fennel vuloare liver enzymes like AST fencﬁone ' 18
g and ALT.
Indigofera Primarily through
10.True indigo digote antioxidant activity, Flavonoids 19
tinctoria . .
scavenging free radicals
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and inhibiting Lipid
peroxidation

Improves liver enzyme

11. Garden Cress Lep!dlum activity, Glucosnolate 20,21
sativum Reduces oxidative stress
and inflammation.

. . Inhibit lipid peroxidation, Michuacanin,
12.M_|choacan P_rostechea Scavenge free radicals, Quercetin, 22,23
Orchid michuacana ) ;

Reduce inflammation. Kaempferol

Garcinia Activation of nuclear Isogarcinol
13.Kokum indica Linn factor erythroid 2-related Ggrcinol ' 24

factor 2 (Nrf2)
Orthosiphon Enhancement of Orthosiphonin,
14.Java tea stamineus Glutathione levels Orthosiphol 25
: Rubia SGOT, SGPT, SALP, and .

15.Indian Madder cordifolia G-GT levels decreased Rubiadin 26

. . Activation of nuclear

éGk.ulﬁé\;erbank S?;J\}j:;arir;a factor Erythroid 2-related Baicalein 27
P factor 2 (Nrf2)
Inhibit the production of
inflammatory mediators,
such as tumor necrosis Piperine,
« Piper factor-alpha (TNF-alpha) Piperic acid,
17 Sughleran crocatum and Interleukin-1 beta (IL- Kaempferol, 28
113), which can contribute Quercetin
to liver damage and
inflammation.
18.Grapefruit Cltru_s . Antioxidant Naringin 29
paradisi
19, Turmeric Curcuma | bt lipid peroxidation | StSduiterpenes and 30
longalL curcuminoids
Prevention of GSH - .
. i i Allicin, Allin,
20.Garlic Adlium sativam depletion, alteration of Diallyl Sulfide, S- 31
GSH-dependent .
Allyl-Cysteine.
enzymes
Protective effect of
21. Pale butterfly Buddleja acteoside on carbon Acteoside 32
bush officinalis tetrachloride-induced
hepatotoxicity
camellia Inhibited hepatocellular
22.Tea plant . . apoptosis and unregulated Catechin 33
sinensis . i
Bcl-2 protein expression
23Laurel-leaved |  Cistus | MDA, AST, GSH levels | Quercetin-3-methyl-
- ether, Kaempferol- 34
rock rose laurifolius L. decreased .
3,7-dimethyl-ether
24_.Erect tropical | Eglets viscosa Decreaged _I|p|d Ternatin 35
daisy Less. peroxidation
25. Bala Sida cordifolia Antioxidant Fumaric acid 36
26. Ch'f‘ese. Sch_|sand_ra Antioxidant Wuweizisu 37
magnolia-vine chinensis
Pinus SOD, GSH-Px, GSH-
27.Maritime pine - reductase, and TBARS Pycnogenol 38
maritima
levels decreased
. Corydalis Decreased levels MDA, -
28.Yanhuanglian saxicola SOD. GPx Dehydrocavidine 39
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SGOT, SGPT, ALKP,

29.Bhuiavla Phyllanthus SBLN and total protein Phyllanthin 40
amarus
levels decreased
30.Cape jasmine . Gar_der_na Antioxidant Geniposide 41
jasminoides
. . . , ALT, AST, ALP, ALB,
f’rté'v'a'de”ha" G'”kgi biloba | "5 ‘WA LN, TG, and Polyprenols 42
' ' CHO levels decreased
32.Jamaica sorrel H|b|s_cus LDH, AST, ALP, MDA Protocatechuic acid 43
sabdariffa L. levels decreased
33.Levant cotton Gossypium Antioxidant Gossypol 44
herbaceum
34.Boldo. Peumus Lipid peroxidation Boldine 45
boldus
35.Sweet basil OC.'W””‘ AST, ALP, SGOT levels Rosmarinic acid 46
basilicum decreased
Scavenger of superoxide,
36.Black cumin Nigella sativa hydroxyl radical, and Thymoquinone (TQ) 47
singlet molecular oxygen
Manaifera Decreased levels of
37.Mango ang SGOT, SGPT, ALP, Lupeol 48
indica o
bilirubin
38.Creosote bush I._arrea Antioxidant Nordlhydrqgualaretlc 49
tridentata acid
39.Houpu Ma_lg_noll_a Antioxidant Magnolol 50
magnolia officinalis
Enzymatic levels of serum
glutamate
oxaloacetate transaminase
(AST),
P nthUs Serum Glutamate Flavonoids,
40.Velvet flower . Pyruvate Transaminase Alkaloids, Phenalic 51
(ALT), Serum Alkaline compounds.
Phosphatase (SALP), and
total bilirubin were
reinstated to the normal
level
Prevented chemically or
immunologically induced
increase in serum levels of
hepatic enzymes in CCl4-
Artemisia induced hepatic damaged
41.Wormwood oo rats. Reduced the lipid Caffeoylquinic acid 52
absinthium L. P )
peroxidation in the liver
and restored activities of
defense antioxidant
enzymes SOD and GPX
towards normal levels
Exert antifibrosis effect in
Astragalus . L i
42. Membranous chronically injured liver
. membranaceus A Astragalus 53
milk-vetch by inhibiting tumor
growth
. Prevents of the depletion
Calotropis
of GSH levels.C. procera
43. Rubber tree, procera . . . .
. contains flavonoids thus it | Phenolic compounds 54
Apple of Sodom. (Aiton) | f h
Dryand also performs the
' antioxidant activity
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44.Glorybower,
Bleeding-heart

Clerodendrum
abilioi R.
Fern.

Ethanol extract decreased
the serum enzyme ALT,
AST, ALP, TGL, and total
Cholesterol and
considerably increased the
Glutathione level

Flavonoids

55

45. Fig

Ficus carica
L.

Reduction in the levels of
ALT and AST. The
Petroleum ether extract of
Ficus leaves
repair the damaged liver
cell

Ficusin,Rutin,
Quercetin

56

46.Chinese
liquorice

Glycyrrhiza
uralensis

Glycyrrhizin administered
in PLC/PRF/5 cells
suppressed the secretion
of HBsAg into the culture
medium and concluded
that glycyrrhizin modifies
the intracellular transport
and the surface nature of
the hepatocytes

Glycyrrhizin

57

47.Spiny gourd

Momordica
dioica Roxb.
ex

willd

Oral administration of the
extract significantly
normalized and restored
the elevated serum
enzymatic levels of AST,
ALT, SALP, and total
Bilirubin. Its
hepatoprotective activity
is due to the antioxidant
and free radical
scavenging activity.

Momordicin,
Momordicoside,
Cururbitacins.

58

48.Sacred lotus

Nelumbo
nucifera
Gaertn.

Lotus leaf extract possess
significant
Hepatoprotective and
Antioxidant activity in
CCl4-induced toxicity rat
model. Free radical-
scavenging and
antioxidant activity due to
the presence of some
flavonoids and phenolic
compounds results in the
hepatoprotective activity.

Catechin glycoside,
Myricitrin-3-O-
Glucoside, Hyperin,
Isoquercitrin,
Quercetin-3-O-
Rhamnoside,
Astragalin.

59

49.Chinese peony

Paeonia
lactiflora Pall.
and

A.
membranaceus
(Fisch.)

Bunge.

Progression of CCLs-
induced hepatic fibrosis
was inhibited in rates by

decreasing the level of
tumor growth factor-f1

and inhibit collagen
synthesis

Caffeic acid, ferulic
acid, Ellagic acid,
Catechin, Rutin, and
Chlorogenic acid

60

50.Black
nightshade

Solanum
nigrum L

Inhibited Thioacetamide-
induced collagen (a1) and
transforming growth
factor-f1 mRNA levels in

Solanine,
Solasonine,
Solamargine .

61
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the liver of mice with
Thioacetamide-induced
liver fibrosis

51.Rohida tree

Tecomella
undulata
Seem.

Hepatoprotective activity
against Thioacetamide-
induced hepatotoxicity

Flavonoids, Phenolic
acid, Saponins.

62

52.Wild indigo

Tephrosia
purpurea
Pers.

Decreased serum
Aspartate
Aminotransaminase (35%
and 31%), alanine
Aminotransaminase (50%
and 42%), y Glutamy]l
transpeptidase (56% and
49%), Alkaline
Phosphatase
(46% and 37%), total
Bilirubin (61% and 48%),
and liver MDA levels
(65% and 50%), and
significant improvement
in liver Glutathione (73%
and 68%) when compared
with Thioacetamide-
damaged rats.

Flavonoids and
polyphenolic
compounds

63

53.Five-leaved
chaste tree,
Nirgundi

Vitex negundo
L.

Administration of Ethanol
solution extract of Vitex
leaf caused a significant

decrease in TB, AST,
ALT, and ALP levels in
rats.

Flavonoids,
Terpenoids,
Alkaloids, and
Volatile oils

64

54.Tejphal

Zanthoxylum
armatum DC.

Elevated serum enzymatic
levels of Serum
Transaminase, Alkaline
phosphatase. Total
bilirubin was considerably
restored to a normal level.

Alkaloids,
Flavonoids, and
Phenolic compounds
like Berberine

65

55.Punarnava

Boerhaavia
diffusa

Antioxidant compounds,
such as flavonoids and
phenolic acids, neutralize
free radicals, reducing
oxidative stress and liver
damage

Beta-sitosterol, a-2-
sitosterol, Palmitic
acid,

66

56.Bhringraj

Eclipta alba

Wedelolactone and
eclalbatin, modulate
cytokines and
inflammatory mediators,
reducing inflammation
and liver damage.

Ecliptine,
Isoeclalbatin,
Wedelolactone,
Eclalbatin

67

57.Guduchi

Tinospora
cordifolia

Anti-inflammatory
compounds, such as
tinosporone and
cordifolioside, modulate
cytokines and
inflammatory mediators,
reducing inflammation
and liver damage.

Palmatine,
Berberine,
Cordifolioside,
Tinosporone

68
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_ . : Alkaloids,
59.Caper bush Capparis Antioxidant, Anti- Flavonoids, 69
spinosa inflammatory Glycoside
Antioxidant compounds,
such as Kutkin and :
: Picrorhiza Apocynin, scavenge free K_utkos_ld.e,
60.Kutki or Kadu . > Picrorhizin, 70
kurroa radicals, reducing . i
I : Apocynin, Kutkin
oxidative stress and liver
damage.

Market survey

The demand for herbal drugs that protect the liver is increasing because more people are becoming aware of
liver health and liver diseases are becoming more common. The global market for herbal products is predicted
to reach $411. 2 billion by 2026. In India, the market for medicinal plants is expected to grow rapidly, at a
rate of 38. 5% per year, reaching about X14 billion, or $188. 6 million, by 2026.

Table 2: 10 Most Marketed Herbal Hepatoprotective Formulations

Sr | Herbal drug | Brand Manufacturer Dosage Label Claim Package size

No. name forms

1. Silybum LiverCare | Himalaya Herbal | Tablets, Silymarin ~ (70- | 60-120
marianum Healthcare Capsules | 80%) tablets/capsule

2. Picrorhiza Picroliv Himalaya Herbal | Tablets, Picroliv (4-6%) 60-120
kurroa Healthcar Capsules tablets/capsule

3. Andrographis | KalmCold | Nature's Way Tablets, Andrographolides | 60-120
paniculata Capsules | (10-20%) tablets/capsule

4. Glycyrrhiza | Licorice Nature's Way Tablets, Glycyrrhizin-(20- | 60-120

glabra Root Capsule 30%) tablets/capsule
5. Phyllanthus | Amla Himalaya Herbal | Tablets, Vitamin = C (30- | 60-120

emblica Healthcare Capsules | 40%) tablets/capsule
6. Azadirachta | Neem Nature's Way Tablets, Azadirachtin (10- | 60-120

indica Capsules | 20%) tablets/capsule

7. Tinospora Guduchi Himalaya Herbal | Tablets, Tinosporaside 60-120
cordifolia Healthcare Capsules | (10-20%) tablets/capsule

8. Ecliptaalba | Bhringaraj | Himalaya Herbal | Tablets, Eclalbatin ~ (10- | 60-120

Healthcar Capsules | 20%) tablets/capsule

9. Boerhaavia | Punarnav | Himalaya Herbal | Tablets, Punarnavoside 60-120
diffusa Healthcare Capsules | (10-20%) tablets/capsules

10. | Capparis Caper Nature’s Way Tablets, Rutin (10-20%) 60-120
spinosa Capsules tablets/capsules

Conclusion:

Chronic liver diseases represent a major global health challenge, with liver cirrhosis and drug-induced liver
injury being predominant causes of mortality across the globe. Traditional Western medical treatments
frequently show limited effectiveness, unwanted side effects, and steep costs, rendering them inaccessible to
many, especially in developing nations. Plant-based therapies present an encouraging alternative. Sourced
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from natural origins, these compounds are easily obtainable and do not necessitate complicated
pharmaceutical manufacturing. This review seeks to gather existing studies on hepatoprotective plants from
India and around the world, offering valuable information for healthcare providers, researchers, and
academics in pharmacology and therapeutics.

By investigating evidence-based alternative medicine, we can create effective treatments for a range of liver
diseases impacting humans and animals.

This review offers a thorough summary of the hepatoprotective effects of the most well-known herbal
medicines, including Liv. 52, Essentiale Forte, Kamalahar, and others. The evidence indicates that these
herbal medicines have considerable hepatoprotective attributes, encompassing antioxidant, anti-
inflammatory, and anti-fibrotic effects.

The studies reviewed illustrate the potential of these herbal drugs in preventing and managing various liver
disorders, such as hepatitis, cirrhosis, and liver cancer. However, additional research is required to completely
clarify the mechanisms of action, ideal dosages, and possible interactions with traditional medications.

The application of herbal drugs for liver protection is increasingly embraced globally, and this review
emphasizes the promise of these remedies in safeguarding liver health. Nonetheless, it is crucial to verify the
quality, safety, and effectiveness of these herbal medicines through thorough testing and standardization.
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