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Liver diseases are a major worldwide health problem, with high endemicity in developing countries.
They are mainly caused by chemicals and some drugs when taken in very high doses. Despite
advances in modern medicine, there is no effective drug available that stimulates liver function, offer
protection to the liver from damage or help to regenerate hepatic cells. There is urgent need, therefore,
for effective drugs to replace/supplement those in current use. The plant kingdom is undoubtedly
valuable as a source of new medicinal agents. The present work constitutes a review of the literature on
plant extracts and chemically defined molecules of natural origin with hepatoprotective activity. The
review shows 107 plants, their families, geographical distribution, plant parts utilized, type of assay and
inducer of liver damage. It also includes 58 compounds isolated from higher plants, classified into
appropriate chemical groups. This work intends to aid researchers in the study of natural products

useful in the treatment of liver diseases.
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INTRODUCTION

The liver is the most important organ in the body. It plays
a pivotal role in regulating various physiological
processes. It is also involved in several vital functions,
such as metabolism, secretion and storage. It has great
capacity to detoxicate toxic substances and synthesize
useful principles (Shanani, 1999; Subramoniam and
Pushpangadan, 1999). It helps in the maintenance,
performance and regulating homeostasis of the body. It is
involved with almost all the biochemical pathways to
growth, fight against disease, nutrient supply, energy
provision and reproduction. In addition, it aids metabolism
of carbohydrate, protein and fat, detoxification, secretion
of bile and storage of vitamins (Ahsan et al., 2009). The
role played by this organ in the removal of substances
from the portal circulation makes it susceptible to first and
persistent attack by offending foreign compounds,
culminating in liver dysfunction (Bodakhe and Ram,
2007).

Liver diseases remain one of the major threats to public
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health and are a worldwide problem (Asha and
Pushpangadan, 1998). They are mainly caused by
chemicals like acetaminophen (in large doses), excess
consumption of alcohol, infections and autoimmune
disorders. Most of the hepatotoxic chemicals damage
liver cells mainly by inducing lipid peroxidation and other
oxidative damages (Recknagel, 1983; Wendel et al.,
1987; Dianzani et al.,, 1991). Acetaminophen, a mild
analgesic and antipyretic drug, developed in the last
century, causes serious liver necrosis in humans and in
experimental animals if taken in large doses (Lin et al.,
1995; Mitchell et al., 1973; Hinson 1980 and Mitchell,
1988). While alcohol is one of the main causes of end-
stage liver disease worldwide, alcoholic liver disease is
the second most common reason for liver transplantation
in the United States (Mandayam et al., 2004). Due to
increased frequency of drinking and change of diet
construction, such as the increase of fat content, the
incidence of liver diseases has increased in China,
becoming another important risk factor for morbidity and
mortality in addition to viral hepatitis (Zhuang and Zhang,
2003). The spectrum of alcoholic liver disease ranges
from fatty liver to alcoholic hepatitis and ultimately fibrosis
and cirrhosis (Tuma and Sorrell, 2004).



In spite of the tremendous advances in modern
medicine, there is no effective drug available that
stimulates liver function, offer protection to the liver from
damage or help to regenerate hepatic cells
(Chattopadhyay, 2003). It is therefore necessary to
search for alternative drugs for the treatment of liver
diseases to replace currently used drugs of doubtful
efficacy and safety.

Medicinal plants play a key role in human health care.
About 80% of the world population relies on the use of
traditional medicine, which is predominantly based on
plant material (WHO, 1993). Scientific studies available
on medicinal plants indicate that promising
phytochemicals can be developed for many health
problems (Gupta, 1994). For example, the vinca alkaloids
(vincristine, vinblastine and vindesine), derived from
Catharanthus roseus, Vinca rosea, Lochnera rosea, and
Ammocallis rosea have been employed for their anti-
cancer properties. Modern pharmaceuticals still contain
at least 25% drugs derived from plants. Medicinal plants
have various effects on living systems. Some are
sedatives, analgesics, antipyretics, cardioprotectives,
antibacterial, antiviral and antiprotozoal (Olaleye et al.,
2006). The use of natural remedies for the treatment of
liver diseases has a long history and medicinal plants and
their derivatives are still used all over the world in one
form or another for this purpose. Liver protective plants
contain a variety of chemical constituents like phenols,
coumarins, monoterpenes, glycosides, alkaloids and
xanthenes (Bhawna and Kumar, 2009). In this work, we
review the literature related to natural products (crude
plant extracts and chemically defined molecules) with
hepatoprotective activity. These findings provide greater
chances and flexibility in helping researchers identify
compounds with good hepatoprotective potential.

METHODOLOGY

For the present review, we conducted a literature search (up to
October 2009), using Elsevier-Science direct, SpringerLink
(Springer/Kluwer), Wiley Interscience (Wiley), Pubmed and Google
Scholar. The search included the following keywords: “plants”,
“medicinal plants”, “plant extracts”, cross-referenced with the
keywords: “hepatoprotective”, “liver diseases”, “hepatoprotective
activity”. The references found in the search were later consulted
for details on the models or bio-assays used for testing the plant
extracts against liver diseases.

Hepatoprotective activity of crude plant extracts

The aetiology of liver diseases is diverse and a variety of plants has
been reported to show hepatoprotective activity and so may be
useful in the treatment of these diseases. A list of plants reported to
have significant hepatoprotective activity is shown in Table 1 in
alphabetical order of their family, together with their scientific
names, origin, plant part used, kind of extract used, type of assay
and inducer of liver damage.

Apium graveolens L. grows wild at the base of the North Western
Himalayas and outlying hills in Punjab and in Western India. The
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seeds are used in India to treat bronchitis, asthma, liver and spleen
diseases. lts hepatoprotective effect was tested against
paracetamol and thioacetamide induced liver injury in rats. The
results obtained after oral administration of the methanolic extract
of the seeds of A. graveolens suggest that this plant has
hepatoprotective action which may be due to its role as a
membrane stabilizer (Singh and Handa, 1995).

Suja et al. (2004) reported the effect of the methanol extract of
Helminthostachys zeylanica (L.)Hook rhizomes on carbon
tetrachloride (CCls) induced liver damage in wistar rats. The results
showed that significant hepatoprotective effect was obtained
against CCls induced liver damage, by oral administration of H.
zeylanica methanol extract as evident from decreased levels of
serum enzymes and an almost normal architecture of the liver, in
the treated groups, compared to the controls. Thus, the study
provides a scientific rationale for the traditional use of this plant in
the management of liver diseases.

The hepatoprotective activity of the leaf extract of Alchornea
cordifolia (Schum and Thonn), a Nigerian plant on acetaminophen
induced toxicity in vivo has been reported (Olaleye et al., 2006).
The antioxidative properties revealed total phenolic content of 0.22
mg/ml and reducing power of 0.062 mg/ml as compared to vitamin
E with a reducing power of 0.042 mg/ml. The authors concluded
that the hepatoprotective activity of this plant on acetaminophen-
induced liver damage is connected to its antioxidative properties.

Dahiru et al. (2005) reported the protective effect of the ethanol
extract of the leaves of Ziziphus mauritiana Lam., on CCls induced
liver damage. Pretreatment of rats with 200 and 300 mg/kg body
weight of Z. mauritiana leaf extract protected rats against CCl, liver
injury by significantly lowering aspartate aminotransaminase,
alanine aminotransaminase, alkaline phosphatase, total bilirubin,
and lipid peroxide levels compared to control.

The fruit pulp of Adansonia digitata (Linn.), commonly known as
baobab is an important human nutrition source in East, Central and
West Africa (Beckier, 1983; Szolnoki, 1985). The aqueous extract of
A. digitata pulp was tested for hepatoprotective activity against liver
injury by CCls in rats. The aqueous extract exhibited significant
hepatoprotective activity and consumption of the fruit may play an
important part in human resistance to liver damage in areas where
the plant is consumed (Didibe et al., 1996). The mechanism of liver
protection may be due to the presence of triterpenoids, B-sitosterol,
B-amyrin palmitate and ursolic acid in the fruit pulp of A. digitata (Al-
Qarawi et al., 2003).

Bishayee et al. (1995) reported the hepatoprotective effect of
aqueous extracts of fresh tuber roots of Daucos carota L. on CCls-
induced acute liver damage. The increased serum enzyme levels
by CCls induction were lowered due to pretreatment with the
extract. The extract also decreased the elevated serum bilirubin
and urea content due to CCls administration. Results of this study
revealed that Daucos carota could afford a significant protective
action in the alleviation of CCls induced hepatocellular injury.

Cassia occidentalis L. a weed of the family Caesalpinaceae is
found throughout India and is an important ingredient of several
polyherbal formulations marketed for liver diseases. The
hepatoprotective activity of aqueous-ethanolic extract (50%, v/v) of
leaves was studied on rat liver damage induced by paracetamol
and ethyl alcohol by monitoring serum transaminase, alkaline
phosphatase, serum cholesterol, serum total lipids and histological
alterations. The leaf extract was shown to possess significant
hepatoprotective property (Jafri et al., 1999).

Rhoicissus tridentata (L.F) Wild and Drum, a South African
medicinal plant is commonly used for the treatment of ailments like
epilepsy, kidney and bladder complaints (Opoku et al., 2007). The
aqueous extract of the roots were shown to possess significant
hepatoprotective effect against CCls induced acute liver injury in
rats. The variables investigated were the enzymes alanine
aminotransferase, aspartate aminotransferase and glucose-6-
phospate (G-6-Pase). CCls intoxication resulted in significant
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Table 1. Plant extracts with hepatoprotective activity.

Family and botanical name Origin Part used Extract Type of assay and inducer of liver References
damage

Acanthaceae
Acanthus ilicifolius L. India Leaves Alcohol In vivo; CCly Babu et al. (2001)
Andrographis lineata Nees India Leaves Aqgueous, methanol In vivo; CCly Sangameswaran et al. (2008)
Andrographis paniculata India Leaves Alcohol In vivo; CCly Rana and Avadhoot (1991)
(Burm.f.) Nees
Anisotes trisulcus (Forssk.) Yemen a Ethanol In vivo; CCls Fleurentin et al. (1986)
Asteracantha longifolia L. Sri Lanka Whole plant  Aqueous In vivo; CCls and PCM Hewawasam et al. (2003)
Hygrophila auriculata India Seeds Methanol In vivo; PCM and thioacetamide Singh and Handa (1995)
(K.Schum.) Heine
Hypoestes triflora Rwanda Leaves Aqueous In vivo; CCly Van Puyvelde et al. (1989)
(Forssk.) Roem. and Schult
Rhinacanthus nasuta India Root Methanol In vivo; CCly Suja et al. (2003)
(L.) Kurz.
Adoxaceae Viburnum tinus L. Southern Europe Leaves Aqueous-methanol In vivo; CCly Mohammed et al. (2005)
Aizoaceae Trianthema India Leaves Ethanol In vivo; PCM and thioacetamide Kumar et al. (2004)
portulacastrum L.
Apiaceae Apium graveolens L. India Seeds Methanol In vivo; PCM and thioacetamide Singh and Handa (1995)
Carum copticum L. Pakistan Seeds Aqueous- methanol  In vivo; CCls and PCM Gilani et al. (2005a)
Apocynaceae Apocynum China, Japan Leaf Aqueous In vivo; CClsand GAIN Xiong et al. (2000)
venetum L.
Araliaceae Acanthopanax Taiwan a a In vivo; CCls and acetaminophen Lin and Huang (2002)

senticosus (Rupr. and Maxim.)
Harms
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Asclepiadaceae Sarcostemma
brevistigma Wight

Asteraceae Achyrocline satureioides
(Lam.) DC.

Artemisia absinthium L.

Artemisia maritima L

Artemisia vulgaris L.

Bidens chilensis DC

Bidens pilosa L.

Cichorium intybus L.
Crassocephalum crepidioides Benth

Elephantopus mollis Kunth.

Elephantopus scaber L.

Flaveria trinervia

(Spreng.) C.Mohr

Gundelia tourenfortii L.

Pseudoelephantopus spicatus
(Juss. Ex Aublet) Gleason

Wedelia chinensis
(Osbeck) Merr.
Wedelia calendulacea L.

India

Argentina

Pakistan
Pakistan
Pakistan
Taiwan
Taiwan
India
Japan

Taiwan

Taiwan

India

Iran

Taiwan

Taiwan

India

Stem bark

Aerial parts

Aerial parts
Aerial parts

Aerial parts

Seeds
Whole plant

Whole plant

Whole plant

Leaf

Stalk

Whole plant

Leaf

Ethyl acetate

Aqueous

Aqueous-methanol
Aqueous-methanol

Aqueous-methanol

Alcohol
Aqueous

Aqueous

Aqueous

Methanol

Hydro-alcoholic

Aqueous

Ethanol

In vivo; CCly

In vivo; Bromobenzene

In vivo; CClsand acetaminophen
In vivo; CClsand acetaminophen
In vivo; GAIN and LPS
In vivo; CCls and PCM
In vivo; CCls and PCM

In vivo; CCly

In vivo and in vitro; GAIN, LPS and CCl4

In vivo; acetaminophen and GAIN

In vivo; acetaminophen and GAIN

In vivo; CCly

In vivo and in vitro; CCla

In vivo; acetaminophen and GAIN

In vivo; CCls, acetaminophen and GAIN

In vivo; CCly

Sethuraman et al. (2003)

Kadarian et al. (2002)

Gilani and Janbaz (1995a)
Janbaz and Gilani (1995)
Gilani et al. (2005b)

Chih et al. (1996)

Chih et al. (1996)

Ahmed et al. (2003)

Aniya et al. (2005)

Lin et al.(1995b)

Lin et al. (1995b)

Umadevi et al. (2004)

Jamshidzadeh et al. (2005)

Lin et al. (1995b)

Lin et al. (1994)

Murugaian et al. (2008)
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Balanophoraceae Thonningia
sanguinea Vahl.

Bixaceae Cochlospermum tinctorium

Perri ex Rich.

Bixa orellana L.

Brassicaceae Coronopus didymus L.

Burseraceae Commiphora
opobalsamum (L.) Engl.

Caesalpiniaceae
Bauhinia racemosa Lam.

Capparidaceae
Cleome viscosa L

Casuarinaceae
Casuarina equisetifolia Forst

Celasteraceae
Salacia reticulata Wight

Chenopodiaceae Beta vulgaris L.

Combretaceae Combretum Kurz.

Terminalia arjuna L.
Terminalia belerica Roxb
Terminalia catappa L.

Terminalia chebula Reiz.

Ghana

Mali

Bangladesh
India

Saudi Arabia

India

India

Bangladesh

Sri Lanka, India

India

Japan

India

India

Okinawa Island

India

Roots, leaves

Rhizome

Seed
Whole plant

Aerial parts

Bark

Leaves

Leaves, bark

Root, stem

Root
Leaves
Bark
Fruits
Leaves

Fruits

Aqgueous

Ethanol and hydro-ethanol

extract

Methanol

Aqgueous

Ethanol

Methanol

Ethanol

Methanol

Aqueous, methanol

Ethanol
Methanol
Aqueous
Ethanol
Aqueous

Ethanol

In vivo and in vitro; GAIN and
CCly

In vivo; CCly

In vivo; CCly

In vivo; CCly

In vivo; CCly

In vivo; CCl4 and PCM

In vivo; CCly

In vivo; CCly

In vivo; CCly

In vivo; CCly

In vivo and in vitro, GAIN

In vivo; CCly

In vivo; CCly

In vivo and in vitro; GAIN and LPS

In vivo and in vitro; Anti TB drugs

Gyamfi et al. (1999)

Diallo et al. (1992)

Ahsan et al. (2009)
Mantena et al. (2005)

Al-Howiriny et al. (2004)

Gupta et al. (2004)

Gupta et al. (2009)

Ahsan et al. (2009)

Yoshikawa et al. (2002)

Agarwal et al. (2006)
Banskota et al. (2003)
Manna et al. (2006)
Jadon et al. (2007)
Kinoshita et al. (2007)

Tasdug et al. (2006)
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Compositae Ambrosia maritima L.
Crepis rueppellii (Sch.) Bip.
Eclipta alba Hassk.

Epaltes divaricata (L.) Cav.

Convolvulaceae Cuscutae semen
Lam.

Erycibe expansa Wall. and G.Don

Crassulaceae Kalanchoe pinnata
Pers.

Cucurbitaceae Luffa echinata
Roxb.

Cyperaceae Cyperos scariosus
R.Br.

Ebenaceae Diospyros malabarica
(Desr.) Kostel

Euphorbiaceae Alchornea cordifolia
Schum and Thonn.
Croton oblongifolius Roxb.

Emblica officinalis Gaertner

Phyllanthus maderaspatensis L.

Egypt
Yemen
India
India

Korea

Thailand

India

India

Indonesia,

Pakistan

India

Nigeria

India

India

India

Whole plant

Whole plant

Seeds

Stem

Leaves

Fruits

Tubers

Bark

Leaves

Aerial parts

Fruits

Whole plant

Aqueous-methanol
Ethanol

Alcohol

Aqueous

Aqgueous

Methanol

Juice of leaves, ethanol
extract of marc

Pet. ether, acetone,

methanol

Aqueous-methanol

Methanol

Ethanol

Pet. ether, acetone,

methanol

Hydro-alcoholic

n-hexane

In vivo; acetaminophen
In vivo; CCly
In vivo; CCly
In vivo; CCls

In vivo; DMN

In vitro; GAIN

In vivo and in vitro; CCla

In vivo; CCly

In vivo; CCly

In vivo; CCly

In vivo; acetaminophen

In vivo; CCly

In vitro; Anti TB drugs

In vivo; CCl4 and thioacetamide

Ahmed and Kharter (2001)
Fleurentin et al. (1986)
Singh et al. (1993)
Hewawasam et al. (2004)

Kim et al. (2007a)

Matsuda et al. (2004)

Yadav and Dixit (2003)

Ahmed et al. (2002)

Gilani and Jambaz (1995b)

Mondal et al. (2005)

Olaleye et al. (2006)

Ahmed et al. (2002)

Tasduq et al. (2005)

Asha et al. (2007)
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Phyllanthus niruri L.
Phyllanthus polyphyllus L.
Phyllanthus reticulatus Poir.

Fabaceae Acacia catechu (L.f.)
Willd.

Baubhinia variegata L.

Cajanus cajan L.

Cassia fistula L.

Cassia occidentalis L.

Glycine max (L.) Merr
Phaseolus aureus Roxb.
Phaseolus calcaratus Roxb
Phaseolus radiatus L.
Pterocarpus marsupium Roxb.
Trigonella foenum-graecum L.

Fumariaceae Fumaria indica
(Hausskn.) Pugsley

Fumaria parviflora Lam.

Gentianaceae Enicostemma
littorale Blume.

Swertia japonica (Roem. and
Schult.) Makino.

Lamiaceae Ocimum basilicum L.

Brazil
a
a

India

India
India
India
India
Taiwan
Taiwan
Taiwan
Taiwan

India

India

Pakistan

India

Japan

Leaves
a
Aerial parts

Bark

Stem bark
Leaves
Leaves
Leaves
Seed
Seed
Seed
Seed
Stem bark
Leaves

Whole plant

Shoots

Whole plant

Whole plant

Leaves

Aqueous
Methanol
Ethanol

Ethyl acetate

Alcohol

Methanol
n-heptane
Aqueous-ethanol
Water

Water

Water

Water

Methanol

Ethanol

Methanol, Pet. Ether,

aqueous

Aqueous-methanol

Alcohol

Butanol

Ethanol

In vivo; PCM
In vivo; PCM
In vivo; CCl4

In vivo; CCly

In vivo; CCls

In vivo; alcohol

In vivo; CCls

In vivo; PCM and ethyl alcohol
In vivo; acetaminophen

In vivo; acetaminophen

In vivo; acetaminophen

In vivo; acetaminophen

In vivo; CCla

H202; CCls

In vivo; PCM, Rifampicin, CCl,

In vivo; PCM

In vivo; CCly

In vivo; GAIN

Hzoz; CC|4

Sabir and Rocha (2008)
BR et al. (2008)
Das et al. (2008)

Ray et al. (2006)

Bodakhe and Ram (2007)
Kundu et al.(2008)
Bhakta et al. (1999)

Jafri et al. (1999)

Wou et al. (2001)

Wou et al. (2001)

Wou et al. (2001)

Wou et al. (2001)

Mankani et al. (2005)
Meera (2009)

Rao and Mishra (1997)

Gilani et al. (1996)

Senthilkumar et al. (2005)

Hase et al. (1997b)

Meera et al. (2009)
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Moraceae Ficus carica L.
Ficus hispida L
Moringaceae Moringa oleifera L.

Myrtaceae Careya arborea
Roxb.

Nyctaginaceae Boerhaavia
diffusa L.

Nymphaceae Nymphaea stellata
Willd.

Oleaceae Phillyrea latifolia L.

Ophioglossaceae

Helminthostachys zeylanica (L.)
Hook

Orchidaceae Anoectochilus
formosanus Hayata

Polygalaceae Polygala arvensis
Willd.

Rhamnaceae Ventilago leiocarpa
Benth.

Ziziphus mauritiana Lam.

Rubiaceae Hedyotis corymbosa
(L.) Lam.

Mitracarpus scaber Zucc.

Morinda citrifolia L.

India
India
Malaysia

India

India

India

Jordan
India

Taiwan

India

Taiwan

Nigeria

India

Mali

America

Leaves
Leaves
Leaves

Stem bark

Roots

Flowers

Leaves
Rhizomes

Whole plant

Leaves

Bark

Leaves

Whole plant

Methanol
Methanol
Hydro-alcoholic

Methanol

Aqueous

Alcohol

Aqueous
Methanol

Aqgueous

Chloroform

Methanol, ethanoal,
butanol and aqueous

Ethanol

Methanol

In vivo; CCly4
In vivo; PCM
In vivo; acetaminophen

In vivo; CCly

In vivo; thioacetamide

In vivo; CCly

In vivo; CCly
In vivo; CCly

In vivo and in vitro; CCla

In vivo; GAIN

In vivo; CCly

In vivo; CCly

In vivo; PCM

In vivo and in vitro; Cla

In vivo; CCly

Krishna et al. (2007)
Mandal et al. (2000)
Fakurazi et al. (2008)

Sambath et al. (2005)

Rawat et al. (1997)

Bhandarkar and Khan (2004)

Janakat and Al-Merie (2002)

Suja et al. (2004)

Wou et al. (2007)

Dhanabal et al. (2006)

Lin et al. (1995a)

Dahiru et al. (2005)

Sadasivan et al. (2006)

Germano et al. (1999)

Wang et al. (2008)
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Rutaceae Aegle marmelos (L.)
Corr. Serr.

Glycosmis pentaphylla Corr.

Scrophulariaceae Bacopa
monniera (L.) Pennell

Picrorrhiza kurroa (Roule.) Sans

Smilacaceae Smilax regelii Killip
and Morton

Solanaceae Nicotiana glauca
Graham.

Solanum nigrum L

Solanum pseudocapsicum
Hassl.

Solanum trilobatum L.

Umbelliferae Bupleurum kaoi
Liu (Chao et Chuang)

Daucus carota L.

Foeniculum vulgare Miller

Valerianaceae Nardostachys
jatamansi D.C.

Vitaceae Rhoicissus tridentata
(L.f.) Wild and R.B. Drumm

India

Bangladesh

India

Himalayas

Saudi Arabia

Jordan

India

Jerusalem

India

Taiwan

Europe, Asia,
Africa

Turkey

India

South Africa

Leaves

Leaves, bark

Rhizome, roots

Roots

Leaves, flowers

Fruits

Leaves

Whole plant

Leaves

Roots

Seeds

Rhizomes

Roots

Fine powder in
physiological saline

Methanol

Alcohol

Ethanol

Ethanol

Aqgueous

Ethanol

Methanol

Methanol

Aqueous

Aqueous

Essential oil

Ethanol

Aqueous

In vivo; alcohol

In vivo; CCly

In vivo; morphine

In vivo; GAIN

In vivo; CCly

In vivo; CCly

In vivo; CCly

In vivo and in vitro; CCla

In vivo; CCly

In vitro; acetaminophen and CCl4

In vivo; CCly

In vivo; CCly

In vivo; CCly

In vivo; CCly

Singanan et al. (2007)

Ahsan et al. (2009)

Sumathy et al. (2001)

Anandan and Devaki (1999)

Rafatullah et al. (1991)

Janakat and Al-Merie (2002)

Raju et al. (2003)

Vijayan et al. (2003)

Shahjahan et al. (2004)

Liu et al. (2006)

Bishayee et al. (1995)

Ozbek et al. (2003)

Ali et al. (2000)

Opoku et al. (2007)

a, Data incomplete (derived from an abstract); CCls, carbon tetrachloride; PCM, paracetamol; GAIN, d-galactosamine; LPS, lipopolysaccharide; TB, tuberculosis; DMN, dimethynitrosamine; Pet. ether,

petroleum ether.



increases in all the variables investigated except G-6-Pase which
was significantly decreased. The administration of R. tridentata
extracts after CCly intoxication resulted in significant decreases in
all the variables investigated except G-6-Pase which was
significantly increased (Opoku et al., 2007).

In a recent study by Ahsan et al. (2009), the methanol extracts of
Bixa orellana, Cajanus cajan, Glycosmis pentaphylla and Casuarina
equisetifolia were all shown to possess significant hepatoprotective
activity. The four plant extracts at a dose of 500 mg/kg body weight
exhibited moderate protective effect by lowering the serum levels of
alanine aminotransferase (ALT) or serum glutamate pyruvate
transaminase (SGPT), aspartate aminotrans-ferase (AST) or serum
glutamate oxaloacetate transaminse (SGOT), and cholesterol to a
significant extent against liver damage induced by CCls. It was
possible to list 107 species of medicinal plants studied, that have
shown hepatoprotective activity.

These species are distributed in 47 families, of which the
following stood out: Asteraceae, Fabaceae and Acanthaceae with
15, 11 and 8 species, respectively.

It is easy to perceive the potential in these plants as attractive
targets for future studies, to identify the active constituents and
possibly to uncover new alternatives to the existing therapies for
liver diseases. Such future studies will be necessary to expand the
existing, limited therapeutic arsenal for the majority of liver
diseases, especially for those therapies with side effects that limit
their effectiveness.

Chemically defined molecules with hepatoprotective activity

Several chemically defined molecules have been isolated from
crude plant extracts with proven hepatoprotective activity. A list of
these compounds is shown in Table 2 with information on the
chemical name and class of the compounds.

New skeletal flavonoids, anastatins A and B, were isolated from
the methanol extract of Anastatica hierochuntica L. Anastatins A
and B were found to show hepatoprotective effects on D-
galactosamine-induced cytotoxicity in primary cultured mouse
hepatocytes and their activities were stronger than those of related
flavonoids and commercial silybin - a known hepatoprotective
compound (Yoshikawa et al., 2003).

Farombi (2000) examined the protective mechanisms of
kolaviron, a biflavonoid fraction from Garcinia kola (Heckel) seeds
in rats treated with CCl,. When administered at a dose of 1.2 g kg™,
three times a week for two weeks, it significantly depressed the
activities of microsomal aniline hydroxylase, aminopyrine N-
demethylase, ethoxyresorufin O-demethylase and p-nitroanisole O-
demethylase. Kolaviron (200 mg kg'), administered for 14 days
consecutively, inhibited the CCls mediated decrease in the activities
of these enzymes by 60, 65, 55 and 63% respectively. Kolaviron
exerted its protective action by acting as an in vivo natural
antioxidant and by enhancement of drug-detoxifying enzymes.

Picroliv, an iridoid glycoside isolated from Picrorhiza kurrooa
(Royle ex Benth) demonstrated dose-dependent protective activity
on isolated hepatocytes against paracetamol-induced hepatic
damage in rats. It also restored the normal values of enzymes
(glutamic oxaloacetic transaminase, glutamic-pyruvic transaminase,
and alkaline phosphatase) both in the isolated hepatocyte
suspension as well as in the serum (Visen et al., 1991).

Hepatoprotective activity-guided fractionation of the methanol
extract of Equisetum arvense L. resulted in the isolation of two
phenolic petrosins and four flavonoids. Among these compounds,
onitin and luteolin demonstrated hepatoprotective activities on
tacrine-induced cytotoxicity in human liver-derived Hep G2 cells,
displaying EC (50) values of 85.8 +/- 9.3 microM and 20.2 +/- 1.4
microM, respectively. Silybin used as a positive control, showed the
EC (50) value of 69.0 +/- 3.3 microM. Both compounds also showed
superoxide scavenging effects which indicates good antioxidant
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activity. These results support the use of E. arvense in the
treatment of hepatitis in oriental traditional medicine (Oh et al.,
2004).

Two triterpenes a- and B-amyrin isolated from Protium
heptaphyllum (Aubl.) March. were tested against acetaminophen-
induced liver injury in mice. Liver injury was analysed by quantifying
the serum enzyme activities and by histopathological observation.
Pretreatment with a- and B-amyrin attenuated the acetaminophen-
induced acute increase in serum alanine aminotransferase and
aspartate aminotransferase activities, replenished the depleted
hepatic glutathione, and considerably reduced the histopathological
alterations. These findings demonstrated the hepatoprotective
potential of a- and B-amyrin against toxic liver injury and suggest
that the diminution in oxidative stress and toxic metabolite formation
as likely mechanisms involved in its hepatoprotection (Oliveira et
al., 2005).

We encountered 58 chemically defined natural molecules
reported in the literature, which have been evaluated for
hepatoprotective activity. These compounds can serve as important
leads, for the discovery of new drugs in the treatment of liver
diseases. However, for many of these compounds, the clinical data
are very limited. Clinical efficacy and potential toxicity of active
compounds in larger ftrials requires further assessment, before
recommendations concerning their routine use can be identified.

Conclusion

The present study reveals plant extracts with
hepatoprotective properties against toxic chemicals that
cause liver injury, seeming to validate their use in folk
medicine. These plants may offer new alternatives to the
limited therapeutic options that exist at present in the
treatment of liver diseases or their symptoms, and they
should be considered for future studies.

The study also identified glycosides, flavonoids,
triterpenes and phenolic compounds as classes of
compounds with hepatoprotective activity. The potent
hepatoprotective activities of the chemically defined
molecules isolated from natural origins represent an
exciting advance in the search for effective liver
protective agents, especially now, when there is an
urgent need for new innovative drug leads. Further
studies including clinical trials need to be carried out to
ascertain the safety of these compounds as a good
alternative to conventional drugs in the treatment of liver
diseases.
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Table 2. Chemically defined molecules with hepatoprotective activity.

Chemical substance Plant Plant part Class References
3,4-di-O-caffeoylquinic acid Lactuca indica L. Aerial parts Quinic acid Kim et al. (2007b)
3,5-di-O-caffeoyl-muco-quinic acid Lactuca indica L. Aerial parts Quinic acid Kim et al. (2007b)
5-O-(E)-p-coumaroylquinic acid Lactuca indica L. Aerial parts Quinic acid Kim et al. (2007b)
a-Amyrin Protium heptaphyllum (Aubl.) March Trunk wood resin  Triterpene Oliveira et al. (2005)
B-Amyrin Protium heptaphyllum (Aubl.) March Trunk wood resin  Triterpene Oliveira et al. (2005)
Anastatin A Anastatica hierochuntica L. Whole plant Flavonoid Yoshikawa et al. (2003)
Anastatin B Anastatica hierochuntica L. Whole plant Flavonoid Yoshikawa et al. (2003)
18B-glycyrrhetinic acid Glycyrrhiza uralensis Fisch. Rhizomes Glycyrrhetinic acid Shim et al. (2000)
Tetrahydroswertianolin Swertia japonica Makino a Xanthione Hase et al. (1997b)
Gentiopicroside Swertia japonica Makino a Iridoid Hase et al. (1997b)
Sweroside Swertia japonica Makino a Iridoid Hase et al. (1997b)
Andrographolide Andrographis paniculata (Burm.f)Nees a Diterpene Chander et al. (1995)
Erycibenin A Erycibe expansa Wall. Ex G.Don. Stem Pterocarpane Matsuda et al. (2004)
5,7,4"-trihydroxy-3- Erycibe expansa Wall. Ex G. Don. Stem Isoflavone Matsuda et al. (2004)
methoxyisoflavone
Genistein Erycibe expansa Wall. Ex G.Don. Stem Isoflavone Matsuda et al. (2004)
Orobol Erycibe expansa Wall. Ex G. Don. Stem Isoflavone Matsuda et al. (2004)
Mangiferin Salacia reticulata Abst. Roots Phenolic compound  Yoshikawa et al. (2002)
(-)-4"-O-methylepigallocatechin Salacia reticulata Abst. Roots Phenolic compound  Yoshikawa et al. (2002)
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Thymoquinone
Lithospermate B

Taxiresinol

(7°R)-7"-hydroxylariciresinol

Onitin
Luteolin

Quercetin-3-O-B-D-
glucuronopyranoside

Quercetin-3-O-B-D-

glucuronopyranosyl methyl ester

Scropolioside-A

3-(S)-3-p-D-

glucopyranosyloxybutanolide

3-(S)-3-B-D-glucopyranosyloxy-4-

hydroxybutanoic acid

Agathisflavone

(S)-bakuchiol

Monomethyl fumarate

Wighteone

Naringenin

Nigella sativa L.

Salvia miltorhiza Bunge

Equisetum arvense L.
Equisetum arvense L.

Saururos chinensis (Lour.) Baill.

Saururus chinensis (Lour.) Baill.

Scrophularia koelzii Pennell
Goodyera schlechtendaliana Reichb.
G. matsumurana Schitr.

G. discolor Kergawl.

Goodyera schlechtendaliana Reichb.
G. matsumurana Schitr.

G. discolor Kergawl.

Canarium manii King

Psoralea corylifolia Babchi

Fumaria indica Pugsley
Cudrania cochinchinensis (Lour.) Kudo et Masam.

Cudrania cochinchinensis (Lour.) Kudo et Masam.

Roots

Aerial parts

Aerial parts

Whole plant

Whole plant

Whole plant
Roots

Roots

Quinone

Caffeic acid
Tetrahydrofuran
Tetrahydrofuran
Phenolic compound
Flavonoid

Flavonol glycoside

Flavonol glycoside

Iridoid glycoside

Aliphatic glycoside

Aliphatic glycoside

Biflavonoid

Monoterpene
phenol

Fumaric acid
Flavonoid

Flavonoid

Daba and Abdel-Rahman (1998)

Hase et al. (1997a)
Nguyen et al. (2004)
Nguyen et al. (2004)
Oh et al. (2004)

Oh et al. (2004)

Sung et al. (1997)

Sung et al. (1997)

Garg et al. (1994)

Du et al. (2000)

Du et al. (2000)

Anand et al. (1992)

Hyun et al. (2001)

Rao and Mishra (1998)

Lin et al. (1996)

Lin et al. (1996)
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Torilin
Torilolone
Allicin
Kaempferol
Salidroside

1-O-galloyl-6-O-(4-hydroxy-3,5-
dimethoxy)benzoyl-B-d-glucose

Picroliv

Indigtone

Acanthoic acid
Myristin

Rutin

Troxerutin
Neoandrographolide

5-0-methyl-(E)-resveratrol.3-0-3-D-
glucopyranoside

5-0-methyl-(E)-resveratrol.3-0-3-D-
apiofuranosyl-1->6)-B-D-
glucopyranoside

Corilagin

y-Amyrone

Cnidium monnieri (L.) Cusson.
Cnidium monnieri (L.) Cusson.
Allium sativum L.

Rhodiola sachalinensis A.Bor.
Rhodiola sachalinensis A.Bor.

Combretum quadrangulare Kurz

Picrorhiza kurroa Royle ex Benth.

Indigofera tinctoria L.

Acanthopanax koreanum Nakai
Myristica fragrans Houtt.
Artemisia scoparia Waldst. and Kit.

Artemisia scoparia Waldst. and Kit.

Andrographis paniculata (Burm.f.) Wall. Ex Nees

Acer mono Maxim.

Acer mono Maxim.

Terminalia catappa L.

Sedum sarmentosum Bunge

Cloves
Roots
Roots

Seeds

Aerial parts

Root bark

Leaves

Leaves

Leaves

Sesquiterpene
Sesquiterpene

Allyl thiosulfinates
Phenolic compound
Phenolic compound

Gallic acid

Iridoid glycoside

Aliphatic nitro-
compound

Diterpene
Cetyl ester
Flavonoid
Flavonoid
Diterpene

Stilbene glycoside

Stilbene glycoside

Tannin

Triterpene

Oh et al. (2002)

Oh et al. (2002)

Vimal and Devaki (2004)
Song et al. (2003)

Song et al. (2003)

Adnyana et al. (2001)

Visen et al. (1991)

Singh et al. (2001)

Park et al. (2004)
Morita et al. (2003)
Janbaz et al. (2002)
Zhang et al. (2009)
Chander et al. (1995)

Yang et al. (2005)

Yang et al. (2005)

Kinoshita et al. (2007)

Amin et al. (1998)
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3-epi-y-amyrin Sedum sarmentosum Bunge a Triterpene Amin et al. (1998)
y-Amyrin Sedum sarmentosum Bunge a Triterpene Amin et al. (1998)
18B3-hydroperoxy-olean.12-en-3-one  Sedum sarmentosum Bunge a Triterpene Amin et al. (1998)
Rubiadin Rubia cordifolia L. Roots Anthraquinone Rao et al. (2006)
3,4,5-trihydroxybenzoic acid Terminalia belerica Roxb. Fruit Gallic acid Jadon et al. (2007)
Kolaviron Garcinia kola Heckel Seeds Biflavonoid Biflavonoid
Kinsenoside Anoectochilus formosanus Hay. Whole plant Furanone Wou et al. (2007)

a, Data incomplete (derived from an abstract).
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