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ABSTRACT: Liver is involved in several vital functions such as metabolism, secretion, and storage as well as
detoxification of several drugs and xenobiotics occurs in the liver itself because it is the most vital organ of the
body. India is also called as “Botanical Garden Of World”. Conventional medicine is now pursuing the use of
natural products such as herbs to provide the support that the liver needs on a daily basis. Many Ayurvedic herbs,
such as andrographis, have a long history of traditional use in revitalizing the liver and treating liver dysfunction
and disease. Medicinal plant contain certain phytochemicals which posses anti-oxidant activity. Development and
scientific studies have validated such herbal medicines or combinations confirming the safety and biological efficacy

which is helpful in neutralizing the liver disorder.
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INTRODUCTION

Liver is the largest and most vital organ of the body. It is
also called as metabolic ‘engine room’ of the body. Most
of the drugs, food and water constituents get metabo-
lized and detoxified in liver. A variety of liver disease such
hepatitis, jaundice, cirrhosis, liver cancer etc caused by the
many of chemicals, foods, drugs and infections parasitic,
bacterial, fungal and viral because of variations in liver
dysfunction and difficulties encountered in reaching to a
proper diagnosis , unfortunately a physician is unable to
provide proper treatment. Major functions of the liver
include carbohydrate, protein, fat metabolism, detoxifica-
tion, secretion of bile, storage as well as detoxification of
several drugs and xenobiotics occur in the liver itself. The
hepatic reticuloendothelial system clears activated clot-
ting factors, proteolytic enzyme/inhibitor complexes, and
fibrin and fibrinogen degradation products.
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Among all the disorders liver diseases are the most seri-
ous. These can be classified as acute or chronic hepatitis
(inflammatory liver diseases), hepatosis (non-inflamma-
tory liver diseases) and cirrhosis (degenerative disorder)
cause fibrosis of the liver. Toxic chemicals such as certain
antibiotics, chemotherapeutics, peroxidised oil, aflatoxin,
carbon tetrachloride, acetaminophen, chlorinated hydro-
carbons, etc are responsible for liver diseases. Others are
excess consumption of alcohol and auto-immune disor-
ders."* Liver microsomal metabolism of ethanol may
result in hepatitis and cirrhosis due to enhanced lipid pet-
oxidation. It has been found that viruses are responsible
for 90% acute hepatitis.?! Conventional medicines are
now pursuing the use of natural products such as herbs
to provide the support that liver needs on a daily basis.F!

Acute renal failure- This is a general term applied to the
rapid development of hepatic synthetic dystunction asso-
ciated with significant coagulopathy, usually defined by
a prothrombin time or factor V level less than 50% of
normal. The most common cause of acute renal failure is
drugs and viral hepatitis.

Acute viral hepatitis- The agents of acute viral hepati-
tis can be broadly classified into two groups: Enterically
transmitted agents like Hepatitis A virus, Hepatitis E
virus and Bloodborne agents like Hepatitis B virus, Hep-
atitis D virus and Hepatitis C virus. Chronic viral hepa-
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titis- This describes persistent inflammation of the liver
for 6 months or more after initial exposure and/or -initial
detection of liver disease. The primary cause of chronic
hepatitis is viral infection.

Drug induced hepatotoxicity- Hepatptoxicity may occur
as an unexpected idiosyncratic reaction to a medication’s
therapeutic dose or as an expected consequence of the
agent’s intrinsic toxicity. Serum alanine and aspartate ami-
notransferase and lactate dehydrogenase levels may be
elevated 10-100 times in acute hepatocellular injury, while
alkaline phosphatise levels are usually less than 3 times
the upper limit of normal. The serum bilirubin may be
clevated or within the normal range.

Cirrhosis- The diffuse process characterized by fibro-
sis and the conversion of normal liver architecture into
structurally abnormal nodules that lack normal lobular
organization. Structural changes in the liver may cause
impairment of hepatic function manifested as jaundice,
ascites, hepatorenal syndrome, hepatic encephalopathy,
spontaneous bacterial peritonitis.

Portal hypertension- It is defined as an increase in the portal
venous pressure gradient and is a function of portal venous
blood flow and hepatic and portocollateral resistance.

Fatty liverand nonalcoholic steatohepatitis- Nonalocoholic
fatty liver disease includes a spectrum of abnormalities
from hepatic steatosis with associated necroinflammatory
changes and varying degrees of fibrosis. Nonalcoholic
steatohepatitis is a clinical pathological syndrome of ste-
atosis and associated hepatic necroinflammatory changes
that are diagnosed only by liver biopsy.

Budd-Chiari syndrome (BCS)- It results from obstruc-
tion to hepatic venous outflow and may result from either
thrombotic or nonthrombotic occlusion.

Hepatic veno-occlusive disease (VOD)- It is also referred
to as sinusoidal obstruction syndrome. VOD is most
often seen in an acute form following bone marrow trans-
plantation; thought to be due to toxicity from the pre-
parative regimen of high dose cytoreductive therapy with
or without hepatic irradiation.

Physicians and patients need effective therapeutic agent
with minimum incidence of toxic effects.In recent years,
researchers have examined the effects of plants used
traditionally by indigenous healers and herbalists to sup-
port liver function and treat diseases of the liver. Mono
and poly-herbal preparations have been used in various
liver disorders. According to one estimate, more than 700
mono and poly-herbal preparations in the form of decoc-

tion, tincture, tablets and capsules from more than 100
plants are in clinical use.In most cases, research has borne
out the traditional experience and wisdom by discovering
the mechanisms and modes of action of these plants, as
well as confirming the therapeutic effectiveness of certain
plants or plant extracts in clinical studies.

A large number of plants and formulations have been
claimed to have hepatoprotective activity. Neatly 160
phytoconstituents from 101 plants have been claimed
by Pharmacopoeia Foundation to possess liver protect-
ing activity. In India, more than 87 plants are used in 33
patented and proprietary multi-ingredient plant formu-
lations. In spite of the tremendous advances made, no
significant and safe Hepatoprotective agent is available
in modern therapeutics. Therefore, due importance has
been given globally to develop plant-based hepatoprotec-
tive drugs, effective against a variety of liver disorders.
Several hundred plants have been examined for use in a
wide variety of liver disorders. Only a handful has been
fairly well researched. These plants include Silybum mari-
anum (milk thistle), Picrorhiza kurroa (kutkin), Curcuma longa
(turmeric), Camellia sinensis (green tea), and Gheyrrhiza gla-
bra (licotice). Silybum marianum and Picrorhiza kurroa.

Curcuma longa (Turmeric)

Curenma longa is a member of the ginger belongs to the
family Zingiberaceae. Raw turmeric contains 0.3—-5.4 per-
cent curcumin (diferuloylmethane)!® (Figure 1). Turmeric
also contains 4—14 percent volatile oils, including tumer-
one, atlantone, and zingiberone. Turmeric also contains
sugars (28 percent glucose, 12 percent arabinose), pro-
teins, and resins.[*” Traditional applications of turmeric
which is derived from dried, ground rhizome include the
treatment of gastrointestinal colic, flatulence, hemor-
rhage, hematuria, menstrual difficulties, and jaundice.l
The anti-inflammatory and hepatoprotective character-
istics of turmeric and its constituents have been widely
researched. The hepatoprotective effects of turmeric
are due to its potent antioxidant effects. Both volatile oil
and curcumin exhibit powerful anti-inflammatory effects.
Curcumin also has choleretic effects on the liver. Based
on clinical experiences, a typical recommended dose of
curcumin is 400-600 mg three times per day.
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Figure 1. Curumin.
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Camellia sinensis (Green Tea)

Green, black teas derived from the leaves of Camsellia sinensis
belong to the family Theaceae, contains a wide range of
bioactive constituents, most of which are contained in
two groups, alkaloids and polyphenols. Examples of alka-
loids found in tea include caffeine (Figure 2), the bromine,
and theophylline (Figure 3).®! The polyphenols contained
in teas are classified as Catechins (Figure 4). Green tea
contains six primary catechin compounds: (+)-catechin,
gallocatechin, epicatechin, epigallocatechin, epicatechin
gallate, and epigallocatechin gallate. Epigallocatechin gal-
late (also known as EGCG) is considered to be the most
active component.™'” Historical uses of tea ate as a stim-
ulant, an astringent for clearing phlegm, and as a diges-
tive aid.""! Catechins are powerful antioxidants, which are
responsible for green tea’s hepatoprotective activity. Pure

N N o)
</ U
N
N ch,
HaC/ CHy

CAFFEINE

Figure 2. Caffeine.
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Figure 3. Theophylline.

(+)-catechin (also known as (+)-cyanidanol-3 — trade
name Catergen) has been used to treat hepatitis since
1976. Green Tea also shows detoxification activity and
anti-cancer properties. Single doses of decaffeinated
green tea solids up to 4.5 g/day (equal to 45 cups of tea)
have been well tolerated by humans.

Glycyrrhiza glabra (liquorice)

Glyeyrrhiza glabra belongs to the family Fabaceae. The
primary active constituent of Glycyrrhiza, as it relates to
hepatic disorders, is the triterpene glycoside glycyrrhizin
also known as glycyrrhizic acid (Figure 5) or glycyrrhet-
inic acid (Figure 6) and is derived from the roots (6—14
percent). Other constituents of Glycyrrhiza include fla-
vonoids (liquiritin and isoliquiritin), isoflavonoids (isofla-
vonol, kumatakenin, licoricone, and glabrol), chalcones,
coumarins (umbelliferone, herniarin), triterpenoids, and
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Figure 4. Catechins.

GLYCYRRHIZIC ACID

Figure 5. Glycyrrhizic Acid.

GLYCYRRHETINIC ACID

Figure 6. Glycyrrhetinic Acid.
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phytosterols.'>" Traditional uses include the treatment of
peptic ulcers, asthma, pharyngitis, malaria, abdominal pain,
and infections. The traditional medicinal properties of
Glycyrrhiza include demulcent, expectorant, antitussive,
and mild laxative activity. Liquorice is used to flavor a wide
variety of candies, gum, tobacco products and drinks.!"!
The surfactant property of the steroidal saponins may
also facilitate absorption of pootly-absorbed compounds,
such as carotenes and anthraquinone glycosides."? Glyc-
yrrhiza has been shown to have a direct hepatoprotective
effect. Glycyrrhiza enhances the detoxification of medi-
cations and toxins. Glycyrrhiza exerts antiviral activity
in vitro toward a number of viruses, including hepatitis
A varicellazoster,' HIV,' herpes simplex type 1,
Newecastle disease, and vesicular stomatitis viruses.®!
Glycyrrhiza is well tolerated by most patients at normal

doses (1-4 g/d crude herb).

Terminalia chebula (Indian Gall Fruit)

Terminalia chebula belongs to the family Combretaceae.
Parts used are stem bark and fruit. Researchers have
isolated a number of glycosides from Haritaki, includ-
ing the triterpenes arjunglucoside I, arjungenin, and
the chebulosides I and 1I. Other constituents include a
coumarins (Figure 7) conjugated with gallic acids called
chebulin, as well as other phenolic compounds including
ellagic acid (Figure 8), 2, 4-chebulyl-B-D-glucopyranose,
chebulinic acid, gallic acid, ethyl gallate, punicalagin,
terflavin A, terchebin, luteolin, and tannic acid. Chebu-
lic acid is a phenolic acid compound isolated from the
ripe fruits. Luteic acid can be isolated from the bark.
Traditionally used in chronic diarrhoea and dysentery,
flatulence, vomiting, colic and enlarged spleen and liver.
Indian gall fruit has a hypocholesterolemic effect on
cholesterol-induced hypercholesterolemia.® Dose is
200 and 400 mg/kg, p.o.

Cichorium intybus (Chicory Seed)

Cichorium intybus belongs to the family Asteraceae. Its
leaves are a prime source of two sesquiterpene lactones
Lactucin (Figure 9) and Lactucopicrin (Figure 10). Other
ingredients are Aesculetin, Aesculin, Cichoriin, Umbellif-
erone, Scopoletin and 6. 7-Dihydrocoumarin and further
sesquiterpene lactones and their glycosides. Traditionally
used for hepatic conditions and liver rejuvenation and has
shown protective effects in mice with high levels of liver
damaging enzymes.”'! Dose is 50, 100 and 200 mg/kg, i.p.

Piper longum (Long Pepper Fruit)

Piper longum belongs to the family Piperaceae. As an antihy-
pertensive and sedative, Indian Long Pepper is beneficial
in treating insomnia. The herb is useful in the treatment
of respiratory disorders like the common cough, bronchi-
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Figure 9. Lactucin.
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Figure 10. Lactucopicrin.
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PIPERINE
Figure 11. Piperine.

tis and asthma. It is also a potent digestive, which helps
in treating gastrointestinal disorders like indigestion. Pip-
erine (Figure 11) is the major alkaloid found in Indian
Long Pepper (fruit). Piperine is antipyretic, hypotensive
and a central nervous system stimulant. Piperine has
been shown to exert a significant protection against liver
toxicity induced by tert-butyl hydroperoxide and carbon
tetrachloride by reducing both znvitro and invive lipid pet-
oxidation by decreasing the reduction of GSH.*!

Caesalpinia bonducella (Fever nut)

The seeds, leaves and bark of medicinal plant Caesalpinia
bonducella belonging to the family Caeselpiniaceae are used
in fever, asthma, colic. It contains a bitter substance bon-
ducin, phytosterinin, fatty acids, caesalpins (o, 3, v, 8 and {),
new diterpene caesalpins, a new homoisoflavone-bondu-
celline and citrulline. The seeds of Caesalpinia bonducella
contain a bitter principle bonducin-2%, fatty 0il-25%,
proteins-20% and starch-35.5%. Four cassane furano-
diterpenes, designated bonducellpins A, B, C & D were
isolated;™ two new cassane diterpenes, named caesaldek-
arins F & G have been isolated & identified; a-amyrin,
B-amyrin, lupeol and lupeol acetate have been identified
and isolated.” The whole plant is used as emmenagogue,
febrifuge, astringent, anthelmintic, digestive, stomachic,
liver tonic, depurative, expectorant, antipyretic, aphrodi-
siac, thermogenic, splenomegaly, hepatomegaly, amenor-
rhoea, dysmenorrhoea, pharyngodynia & tonic. The seeds
are bitter, actid, anodyne, anti-inflammatory, antifertility,
cough, asthma, leucoderma, leprosy, skin diseases, dyspep-
sia, dysentery, colic, haemorrhoids, hepatopathy, diabetes
and intermittent fevers.”
febrifuge and are useful in elephantiasis, intestinal worms,
splenomegaly and fevers .The young leaves are used in
hepatic disorder. Fatty oils obtained from the nucleus of
the seeds are useful in convulsions and paralysis. Caesal-
pinia bonducella possesses antipyretic and analgesic, hypo-
glycaemic, antihyperglycaemic and hypolipidemic, and

1 The leaves are anthelmintic,

antibacterial activities.?"?¥

ASCORBIC ACID

Figure 12. Ascorbic Acid.

Embilica officinalis (Amla)

The fruits of Ewmblica officinalis belonging to the family
Combretaceae are reputed to contain high amounts of
ascotbic acid (vitamin C) (Figure 12), 445 mg/100g, the
specific contents are disputed, and the overall antioxidant
strength of amla may derive instead from its high density
of ellagitannins such as emblicanin A (37%), emblicanin
B (33%), punigluconin (12%) and pedunculagin (14%).
It also contains punicafolin and phyllanemblininA, phyl-
lanemblin other polyphenols: flavonoids, kaempferol,
ellagic acid and gallic acid. Indian gooseberry has under-
gone preliminary research, which demonstrated iz vitro
antiviral and antimicrobial properties. There is prelimi-
nary evidence 7 vitro that its extracts induce apoptosis and
modify gene expression in osteoclasts involved in rheu-
matoid arthritis and osteoporosis. It may prove to have
potential activity against some cancers. One recent animal
study found treatment with E. officinalis in reducing the
severity of acute pancreatitis (induced by L-arginine in
rats). It also promoted the spontaneous repair and regen-
eration process of the pancreas occurring after an acute
attack. Experimental preparations of leaves batk or fruit
have shown potential efficacy against laboratory models
of disease, such as for inflammation, cancer, age-related
renal disease, and diabetes. A human pilot study demon-
strated a reduction of blood cholesterol levels in both nor-
mal and hypercholesterolemic men with the treatment.””!
Another recent study with alloxan-induced diabetic rats
given an aqueous amla fruit extract has shown significant
decrease of the blood glucose, as well as triglyceridemic
levels and an improvement in the liver function caused
by a normalization of the liver-specific enzyme alanine
transaminase activity.

Boerhaavia diffusa (Spreading Hog Weed)

Boeravinones (Figure 13) G and H are the two rot-
enoids isolated from whole plant of B. djffusa belonging
to the family Nyctaginaceae. Boerbavia diffiusa is believed
to improve and protect eyesight. B. diffiusa has diuretic
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property and is used by the diabetics to lower blood
sugar. Boerhavia diffusa has shown antibacterial activity,
mainly against Gram-negative bacteria. Extracts of B.
diffusa leaves have shown antioxidant and hepatoprotec-
tive properties in pharmacological models.” Punarnavine
(an alkaloid isolated from B. diffusa) has shown some znvitro
anticancer, antiestrogenic, immunomodulatory, and anti-
amoebic activity (particulatly against Entamoeba histolytica).
Boerhavia diffusa is a source of antioxidants, and may be
effective against arsenic trioxide (an effective drug used
against acute promyelocytic leukemia) induced cardio tox-
icity. B. diffusa also possess cardioprotective property.

Terminalia arjuna (Arjuna Myrobalan Bark)
Terminalia arjuna belongs to the family Combretaceae. The
bark of Arjuna tree is used for medicinal purposes and
it has been found to contain minerals such as calcium,
magnesium, aluminium, and tannins, flavonoids, saponin
glycosides and phytosterols. The bark also contains crys-
talline compounds such as arjunine, arjunetin, essential
oils and reducing sugar.P*"l

Arjuna bark has anti-inflammatory properties which act
as COX inhibitors and non-steroidal anti-inflammatory
agents, and displayed both analgesic and anti-inflammatory
properties.’” Studies have shown that Arjuna tree is effec-
tive in bringing down LDL cholesterol levels. Arjuna bark
has been traditionally prescribed for heart problems.”*"
Recent studies have shown that Arjuna is very effective
in controlling refractory chronic congestive heart failure.
The research concluded Arjuna to be a potent diabetes
reducing agent.”!

The antioxidants present in Arjuna bark acted as nulli-
tying agents against fluoride damage caused to the liver.
Arjuna bark extracts were so effective that fluoride level
had come down to almost normal after just 10 days. The
anti-oxidants in Arjuna bark play a major role in scaveng-
ing free radicals and minimizing their damage. Accord-
ing to Ayurveda, Arjuna bark can be very effective in the
treatment of asthma. Fine powder of the dried bark must
be taken with kheer or rice and milk pudding. Arjuna bark
powder can also be effective in reducing both diarrhoea
and dysentery. According to Ayurveda, Arjuna bark is
effective in restoring strength to the bones which have
been fractured. Powdered dry bark of Arjuna can be
taken along with honey for this.”**"

Silybum marianum (Milk Thistle)

Silybum marianum belongs to the family Asteraceae. Tradi-
tional milk thistle extract is made from the seeds, which
contain approximately 4—6% silymarin.’® The extract
consists of about 65-80% silymarin, a flavonolignan com-
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Figure 14. Silymarin.

plex (Figure 14) and 20-35% fatty acids, including lin-
oleic acid. Silymarin is a complex mixture of polyphenolic
molecules, including seven closely related flavonolignans
(silybin A, silybin B, isosilybin A, isosilybin B, silychristin,
isosilychristin, silydianin) and one flavonoid (taxifolin).P”
Silibinin, a semipurified fraction of silymarin, is primarily
a mixture of 2 diastereoisomers, silybin A and silybin B,
in a roughly 1:1 ratio.”**" In clinical trials silymarin has
typically been administered in amounts ranging from
420-480 mg per day in two to three divided doses.!!
However higher doses have been studied, such as 600 mg
daily in the treatment of type 11 diabetes and 600 or 1200
mg daily in patients chronically infected with hepatitis C
virus.*>*! An optimal dosage for milk thistle preparations
has not been established. Milk thistle, along with dande-
lion and other extracts are often referred to as hangover
cures as the bitter tincture helps organs rid toxins after
heavy drinking.**

Picrorhiza kurroa (Kutki)

Picrorhiza kurroa (family: Scrophulariaceae), also known as
Kutki or Katuki, is a perennial herb used in Ayurveda. It
is traditionally used for liver disorders, but has also been
implicated in the treatment of upper respiratory tract,
fevers, dyspepsia, chronic diarrhea, and scorpion stings.*!
It consists of the bitter principle known as ‘Kutkin’,
which is a mixture of picroside I (Figure 15) and picro-
side 1I (Figure 16) (kutkoside). These ate irioid glycoside
structures present at 1.611% and 0.613% of the roots



Hepatoprotective Models and Various Natural Product Used in Hepatoprotective Agents: a Review

\_/

KUTKIN(PICROSIDET)

Figure 15. Kutkin (Picrosidel).

HO

HO

o
HO\ “oH

OH
KUTKIN(PICROSIDE2)

Figure 16. Kutkin (Picroside2).

dry weight, respectively. It also contains a-methoxy sub-
stituted catechol Apocynin, structurally similar to vanillic
and ferulic acids, Androsin, Cucurbitacin glycosides based
on cucurbitacin B and dihydrocucurbitacin B.1*!

Andrographis paniculata (Kalmegh)

King of Bitters botanically known as Andrographis paniculata
belongs to a family Acanthaceae. It is an ancient Indian
medicinal herb, which has been used for centuries in Asia
for its effects on various bodily functions and ailments,
ranging from degenerative diseases to the common cold.
It is known as Kalmegh and is used as a bitter ingredient
in the Indian indigenous system of medicine. The leaves
contain andrographolide (Figure 17), most active com-
ponent of Andrographis paniculata is very bitter in taste.[*”
One the most common therapeutic potential of Androg-
raphis paniculata is its liver protective property, which is
well established experimentally. Alcoholic extract of the
leaves of _Andrographis paniculata was found to be effective
in prevention of liver damage. In another study admin-
istration of Andrographis paniculata exhibited liver protec-
tive effects by enhancing activity of antioxidant enzymes
like superoxide dismutase, catalase, glutathione peroxi-
dase, glutathione reductase along with the level of glu-
tathione and decreasing the activity of lipid peroxidase
which leads to the generation of free radicals damaging
the liver cells. Thus, by means of its synergistic effects
Andrographis panicnlata exerts its well-known hepatopro-
tective action.*”
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Figure 17. Andrographolide.

Foeniculum vulgare (Fennel)

Fennel (Foeniculum vulgare Mill, family Umbelliferae) is an
annual, biennial or perennial aromatic herb, depending on
the variety, which has been known since antiquity in Europe
and Asia Minor. The leaves, stalks and seeds (fruits) of
the plant are edible. Foenzculun: vulgare is an aromatic herb
whose fruits are oblong, ellipsoid or cylindrical, straight or
slightly curved and greenish or yellowish brown in colour.!”
Volatile components of fennel seed extracts by chromato-
graphic analysis include transanethole (Figure 18), fenchone
(Figure 19), methylchavicol, limonene, «- pinene, camphene,
B-pinene, B-myrcene (Figure 20), a- phellandrene, 3-carene,
camphor, and cisanethole.’”’ Hepatoprotective activity of
Foeniculum vulgare (fennel) essential oil was studied using a
carbon tetrachloride-induced liver fibrosis model in rats.”'!
The hepatotoxicity produced by chronic carbon tetrachlo-
ride administration was found to be inhibited by Foeniculum
vulgare essential oil with evidence of decreased levels of
serum aspartate aminotransferase, alanine aminotransfer-
ase, alkaline phosphatase and Billirubin.

Swertia chirata (Bitter Stick)

Swertia chirata commonly known as clearing nut tree, bitter
stick , Indian chirette, dowa I pechish, Indian gentian con-
sists of the entire herb of Swertia chirata, belonging to fam-
ily Gentianceae. Swertia chirata contains bitter yellow acid
known as ophelic acid, two bitter glycosides chiratin (not
a pure substance) and amarogentin (phenol carbonic acid
ester of sweroside, a substance related to gentiopicrin),
two alkaloids gentianine (Figure 21) and gentiocrucine
(Figure 22) and also contains yellow crystalline substance
used in dyeing.** Apart from hepatoprotective action,
the drug also shows digestive, hepatic (conditions pertain-
ing to the liver), tonic, astringent and appetizer properties
and used in cough, dropsy and skin diseases."*>”!
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Azadirachta indica (Neem)

Dried leaf of Azadirachta indica family Meliaceae consists
of triterpenoids, sterols, bitter principles nimbin (Figure 23)
and nimbiol (Figure 24). Neem bark is cool, bitter, astringent,
acrid and refrigerant. It is useful in tiredness, cough, fever,
loss of appetite, worm infestation. It heals wound and viti-
ated conditions of kapha, vomiting, skin diseases, excessive
thirst, and diabetes. Neem leaves are reported to be ben-

NIMBIN
Figure 23. Nimbin.
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NIMBOL
Figure 24. Nimbol.

eficial for eye disorders and insect poisons. It treats Vatik
disorder. It is anti-leprotic. Its fruits are bitter, purgative,
anti-hemorrhoids and anthelmintic. It is claimed that neem
provides an answer to many incurable diseases. Traditionally,
neem products have been used against a wide variety of
diseases which include heat-rash, boils, wounds, jaundice,
leprosy, skin disorders, stomach ulcers, chicken pox, etc.

Eclipta alba (Bhringaraja)

The whole plant of Ec/jpta alba Hassk (family: Asteraceae)
consists of Alkaloids, Ecliptine and Nicotine (Figure 25).
It is used as a deobstruent, antihepatotoxic, anticatarrhal,
tebrifuge. Used in hepatitis, spleen enlargements, chronic
skin diseases. Leaf promotes hair growth. Its extract in oil
is applied to scalp before bed time in insomnia. The herb
is also used as an ingredient in shampoos.!

Cynodon dactylon (Doob)

Durva consists of dried fibrous roots of Cynodon dac-
tylon Linn family Poaceae. Its major constituents are
Phenolic phytotoxins and flavonoids. In ethnomedici-
nal practices the juice of the plant Cynodon dactylon Pers.
is used as astringent and is applied to fresh cuts and
wounds. It is used internally in the treatment of chronic
diarrhoea and dysentery. It is also useful in the treat-
ment of Catarrhal ophthalmia. The leaves of Cynodon
dactylon Pers. are also used in the treatment of hysteria,
epilepsy and insanity. The plant Cynodon dactylon Pers. is
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also a folk remedy for anasarca, calculus, cancer, car-
buncles, convulsions, cough, cramps, cystitis, diarrhoea,
dysentery, headache, haemorrhage, hypertension, kidneys,
laxative, measle, rubella, sores, stones, tumours, uro-genital
disorders, warts and wounds.%>7

Lagenaria siceraria, L. leucantha, L. vulgaris (Lauki)
It consists of fresh fruit (devoid of stalk) of Lagenaria
siceraria Syn. L. leucantha Rusby., L. vulgaris Ser family
Cucurbitaceae. Analysis of edible portion of the fruit con-
tains protein, fat (ether extract), carbohydrates, mineral
matter like calcium and phosphorus. Glucose and fructose
have been detected. The amino acid composition of the
fruit is leucines, phenylalanine, valine, tyrosine, alanine,
threonine, glutamic acid, serine, etc. The fruit is a good
source of B vitamins and a fair source of ascorbic acid.
Bitter fruits yield of solid foam containing cucurbitacins B,
D, G and H, mainly cucurbitacin B (Figure 206); these bitter
principles are present in the fruit as aglycones. The plant
has various pharmacological activities like antioxidant,
antihyperglycemic, antihyperlipidemic, cardio protective,
immunomodulatory effects, hepato protective, in hyper-
thyroidism, hyperglycemia and lipid peroxidation, analge-
sic and anti-inflammatory, diuretic, cytotoxic activity.”’!

Lawsonia inermis (Mehandi)

The leaves of the plant belonging to the family Lythraceae
is reported to contain carbohydrates, proteins, flavonoids,
tannins and phenolic compounds, alkaloids, terpenoids,
quinones, coumarins, xanthones and fatty acids. The plant
has been reported to have analgesic, hypoglycemic, hepa-
toprotective, immunostimulant, anti-inflammatory, anti-
bacterial, antimicrobial, antifungal, antiviral, antiparasitic,
antitrypanosomal, antidermatophytic, antioxidant, anti-
fertility, tuberculostatic and anticancer properties due to
its active constituent lawsome (Figutre 27).5%

Curculigo orchioides (Kalimusli)

It consists of dried rhizome of Curculigo orchivides Gaertn
family Amaryllidaceae. Its major constituents are Flavone,
glycosides 5, curculigo saponins, hentria contanol, alka-
loid lycorine (Figure 28), 2-methoxy-4-acetyl-5-methyltri-
acontane and behenic acid (Figure 29). It cures different
sexual disorders in men such as low sperm count, piles,
blood related disorders, skin disorders, jaundice, gonor-
rhoea, joint pain. The roots of this plant are nice stimu-
lant, appetizer, carminative, tonic and aphrodisiac.P

Calotropis procera (Aak)

Arka consists of dried roots of Calotropis procera family
Asclepiadaceae. Its major constituents are glycosides calo-
tropin (Figure 30). The leaves contain ascorbic acid, calat-
ropagenin and root has benzolisolineolone. The root skin,
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Figure 29. Behenic Acid.
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H
CALOTROPIN
Figure 30. Calotropin.

latex, flowers, leaves and the ksara of arkaare used for medic-
inal purpose. The poultice of its leaves effectively reduces
the pain and swelling in rheumatic joints and filariasis.
The medicated oil is beneficial in otitis and deafness.
The topical sprinkle of dried leaves powder hastens the
wound healing. In glandular swellings the topical applica-
tion of latex reduces the inflammation. In skin diseases,
associated with depigmentation, the latex combined with
mustard oil, works well. The fomentation with its leaves,
slightly warmed with thin coat of castor oil, is benefi-
cial to relieve the abdominal pain. The local application
of latex is recommended in hairfall and baldness. It
also, is useful in piles. The latex also mitigates the dental
aches. The latex as a strong purgative and accumulations
after breaking imparts excellent kapha type and hepato-
splenomegaly with ascites. To alleviate the edema in such
conditions, of kapha origin, the decoction of its roots
combined with triphala and honey, is salutary. In asthma
and cough, the flowers and the root skin of arka are
commonly used. As a blood purifier, it is benevolent is
filariasis and syphilis. The red flowers alleviate raktapitta.
In chronic dermatoses, the root skin is recommended
with honey.P*>’!

Tinospora cordifolia (Giloe)

It consists of dried, matured pieces of stem of Tinos-
pora cordifolia (family: Menispermaceae). Its major con-
stituents are terpenoids and alkaloids. The stem contains
alkaloidal constituents, including berberine (Figure 31);
bitter principles, including columbin (Figure 32), chas-
manthin (Figure33), palmarin (Figure 34) and tinosporin,
tinosporic acid and tinosporol. It is a useful herb as hepa-
toprotective and act as a remedy for infections, recurrent
fevers. It also acts as an immunomodulator useful in low
immunity. It is useful for cancer of all types, high uric acid
and in flu of all types.””!
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CHASMANTHIN
Figure 33. Chasmanthin.

olanum Solanum

(Kantkari)
It consists of mature, dried whole plant of Solanum surat-
tense, Solanum xanthocarpum (family Solanaceae). Its major

surattense, xanthocarpum

1"



Hepatoprotective Models and Various Natural Product Used in Hepatoprotective Agents: a Review

/

PALMARIN

Figure 34. Palmarin.

constituents are glucoalkaloids and sterols. Fruits give
solasonine (Figure 35), solamargine, betasolamargine, and
solasodine; petals yielded apigenin (Figure 306); stamens
gave quercetin (Figure 37) diglycoside and sitosterol.
(+)- solanocarpine, carpesterol, solanocarpidine, potassium
nitrate, fatty acid, diosgenin, sitosterol, isochlorogenic
acid, neochronogenic acid, chronogenic acid, caffeic acid,
solasodine, solasonine, solamargine, quercetin, apigenin,
histamine, acetylcholine. Kantkari is useful in treating
worms, cold, hoatseness of voice, fever, and dysuria,
enlargement of the liver, muscular pain, spleen and stone
in the urinary bladder. Nasal administration of kantkari
is beneficial in migraine, asthma and headache. The juice
of the berries is used in curing sore throat. The fumi-
gation of kantkari is helpful in piles. The herb is made
to a paste and applied on swollen and painful joints to
reduce the pain and swelling in arthritis. Roots and seeds
are used as an expectorant in asthma, cough and pain
in chest. The root is ground to a paste and mixed with
lemon to cure snake and scorpion bites. Its stem, flow-
ers and fruits, being bitter and carminative, are used for
relieving burning sensation in the feet. Kantkari fruits
also facilitate seminal ejaculation, alleviate worms, itching,
and fever and reduce fats. The fruit works as an aphro-
disiac in males. Its seeds are helpful for treating irregular
menstruation and dysmenorrheal in females. The herb is
beneficial in the treatment of cardiac diseases associated
with edema, since it is a stimulant to the heart and a blood
purifier.-6!

Aloe barbadensis (Ghritkumari)

It consists of dried juice of leaves of Ale barbadensis
(family Liliaceae). The major constituents are Anthra-
quinone glycoside- Aloe emodin, aloetic acid, anthrol,
emodin (Figure 38), aloin A (Figure 39) and B (Figure40),
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Figure 37. Quercetin.

isobarbaloin (Figure 41), ester of cinnamic acid. Dried
juice of leaves is used in dysmenorrhoea and diseases
of liver. It is used in jaundice due to viral hepatitis. It is
also useful in spleen disorders. Gel topically is emollient,
anti-inflammatory, antimicrobial used for wound healing,
sunburn. Ae vera detoxifies the body and is considered
as best colon cleanser. It prevents constipation, controls
diabetes, clear acne and skin allergies, dark spots.’!
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Euphorbia neriifolia (Thuhar)

It consists of stem of Euphorbia neriifolia (family Euphor-
biaceae). The major constituents are resin, gum and
triterpenes. The triterpenoids, euphol, 24- methylenecy-
cloartenol, euphorbol hexacosonate, taraxerol (Figure 42),
glut-5(10)-en-1-one, glut-5-en-3-beta-yet-acetate, frie-
delan-3-alphaol and -3-beta-ol have been reported. Latex
used as purgative, diuretic, antiasthmatic, expectorant,
rubefacient. It is used in ascites, polyuria, anasarca, chlo-
rosis, tympanitis, externally warts, cutaneous eruptions,
scabies, unhealthy ulcers. It is used as drastic purgative
in the enlargement of liver and spleen, syphilis, dropsy,
leprosy, et

Phyllanthus niruri (Bhui amala)

It consists of root, stem and leaves of Phyllanthus niruri
(family Euphorbiaceae). The major constituents are lig-
nans, alkaloids and bioflavonoids. The antihepatotoxic
activity of Phyllanthus was attributed to two compounds
in the plant called phyllanthin (Figure 43) and hypo-
phyllanthin (Figure 44). It is used in liver disorders and
hepatitis B virus. It is also used as diuretic, deobstruent,
astringent, anti-inflammatory, styptic. It is used in pre-
scriptions for dyspepsia, indigestion, chronic dysentery,
urinary tract diseases, diabetes, and skin eruptions.”

Calotropis gigantean (Madar)

It consists of dried root and bark of Calotropis gigantean,
(Family: Ascelpiadaceae). The root contains glycosides
0.60-1.42% on dry basis. The latex contains akudarin.
Flowers contain beta-amyrin (Figure 45) and stigmasterol
(Figure46). The plant is purgative, alexipharmatic, antihel-
mintic, cure leprosy, leucoderma, ulcers, and piles, diseases
of the spleen, liver and abdomen. The juice is antthelmin-
tic and laxative, cures piles and “Kapha”. The root bark is
diaphoretic, cutres asthma, syphilis. The flower is sweet, bit-
ter, antihelmintic, analgesic, astringent, cures inflammation,
tumours, rat bite. The milk is bitter, heating, oleaginous,

purgative, cures leucoderma, diseases of abdomen.*']

Tl

TARAXEROL
Figure 42. Taraxerol.
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Tephrosia purpurea (Biyani) OCH,
It is a perennial herb obtained from Tephrosia purpurea
belongs to a family Papilonaceae. The leaves contain
rutin (Figure 47) and rotenoids (Figure 48), triterpenoids,
lupeol (Figure 49). Seeds contain a diketone-pongamol, a tain rotenoids such as villosin, villon, villosil, villosinol,
flavanone purpurin and sitosterol (Figure 50). The roots  villinol and villosone. Dried herb is diuretic, deobstruent,
gave a prenylated flavanone 7-methylglabranin. Pods con- laxative. It is given for the treatment of cough, bronchitis,

ROTENOIDS
Figure 48. Rotenoids.
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Figure 49. Lupeol.

HG SITOSTEROL

Figure 50. Sitosterol.

bilious febrile attacks, insufficiency of the liver, jaundice,
kidney disorders and for the treatment of bleeding piles,
boils, and pimples.*")

Capparis deciduas (Karer)

It is a fruit obtained from Capparis decidnas (family Cap-
paridaceae). The root bark contains spermidine alka-
loids. Stachydrine (Figure 51), glucobrassicin (Figure 52),
glucocapparin and glucocleomin. The bark is bitter and
diuretic. Itis given in hepatic, spleen and renal complaints.
It is used as anti-inflammatory used for enlarged cervical
glands, sciatica, rheumatoid arthritis, externally on swell-
ing. Fruits and seeds are used for urinary purulent dis-
charges and dysentery and antimicrobial.l”

Tecomella undulate (Rohiro)

It is a fruit obtained from Tecomella undulate belongs to
the family Bignoniaceae. The bark contains teconin,
alkanes, alkanols, and beta-sterols. The bark also yielded
chromone glycosides such as undulatosides A and B, and
iridoid glycosides such as tecomelloside and tecoside. A
quinonoid such as lapachol (Figure 53), vatic and dehy-
drotectol are also reported from the bark. Bark is used as
relaxant, cardiotonic, choleretic. It is used for treatment
for leucorrhoea, diseases of liver and spleen, leucoderma,
syphilis and other skin diseases./*?
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Figure 53. Lapachol.

Peganum harmala (Harmal)

It is perennial herb obtained from Peganum harmala (family
Nitrariaceae). Its major constituents are harmone, harmine
(Figure 54), harmaline, harmalol, vasicine, vasicinone. The
plant contains flavonoids such as kaempferol, quercetin and
acacetin (Figure 55). Arial parts and seeds contain alkaloids
like harmine, harmaline, harmalol. Inhalation of the smoke
relieves pain in the liver. It is also employed in jaundice,
asthma and colic. The powder of the seeds and watery infu-
sion are given for the treatment of these diseases. The alka-
loids exhibit antibacterial and antifungal activity.*”

Leucas aspera (Paniharin)

It is obtained from ILewas aspera (family Lamincea). The
plant gives oleanolic acid (Figure 56), ursolic acid (Figure 57)
and beta-sitosterol. The root contains a terpenoid, leuco-
lactone and the sterols, sitosterols (Figure 58), stigmasterol
(Figure 59) and campesterol. It is used in jaundice, anorexia,
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dyspepsia, fever, helmintic manifestation, respiratory and skin
diseases. Leaves are used as an external application for psoria-
sis, chronic skin eruption and painful swellings.*”

Cynara scolymus (Globe Artichoke)

The leaves of Cynara scolymus are used in Europe as a tra-
ditional medicine with choleretic, cholagogue and laxative
properties to stimulate appetite and to treat liver insuffi-
ciency and hypercholesterolaemia. In France it is regarded
as a liver tonic and hepatoprotective (‘wringing out of the
hepatic sponge’) and as a depurative**” The Quechua
community of northern Bolivia uses an infusion of Globe
Artichoke leaf for cirrhosis of the liver and colic caused by
gallstones.”” Important constituents include the bitter tast-
ing sesquiterpene, lactone, cynaropicrin (Figure 60) as well as
caffeic acid detivatives (including cynarin) and flavonoids.*

Taraxacum officinalis (Dandelion Root)

Tarasxcacum officinalis root is a choleretic, cholagogue, bitter
tonic and mild laxative herb used traditionally for liver
and gallbladder disorders such as inflammation of the
gallbladder, gallstones, jaundice, dyspepsia with constipa-
tion and chronic skin conditions and its active constituent
is taraxerol (Figure 61).157
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Figure 60. Cynaropicrin.

TARAXEROL

Figure 61. Taraxerol.

Chionanthus virginica (Fringe Tree)

A phytochemical comparison of Chionanthus virginica has
found that similar major compounds (especially lignans
and secoiridoids) are present in the root bark and the stem
bark. Although the ratios of these constituents vary, the
stem bark provides a good substitute for the root bark. As
the relative amount of major constituents is a little lower,
an increase in the dosage of stem bark may be necessary.!
Fringe Tree root batk is a cholagogue, laxative and depu-
rative herb. Popularised by the Eclectics, it has been used
in western herbal medicine for poor appetite, dyspepsia,
liver disease, jaundice, inflammation of the liver or gall-
bladder, bilious headache, enlargement of the liver or
spleen and skin and bowel disorders due to reduced or
disordered liver function. %67

Allium cepa (Onion)

Allinm cepa belongs to the family Liliaceae. Most onion
cultivars are about 89% water, 4% sugar, 1% protein, 2%
fibre and 0.1% fat. They contain vitamin C, folic acid
(Figure 62), vitamin B, (Figure 63), and numerous other
nutrients in small amounts. They are low in fats and in
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sodium. Onion bulb contains chemical compounds such
as phenolics and flavonoids that basic research shows
to have potential anti-inflammatory, anti-cholesterol,
hepato-protective, anticancer and antioxidant properties.
These include quercetin™ and its glycosides quercetin-3,
4-diglucoside and quercetin-4-glucoside."!

Ginkgo biloba (Maidenhair tree)

Ginkgo biloba belongs to the family Ginkgoaceae. Extracts
of ginkgo leaves contain flavonoids glycosides (myricetin
and quercetin)’ and terpenoids (ginkgolides, bilobalides)
and have been used pharmaceutically. These extracts are
shown to exhibit reversible, nonselective monoamine oxi-
dase inhibition, as well as inhibition of reuptake at the
serotonin, dopamine, and norepinephrine transporters,
with all but the norepinephrine reuptake inhibition fad-
ing in chronic exposure.” Ginkgo extract has in addition
been found to act as a selective 5-HT1A receptor agonist
in vivo."™ Ginkgo supplements are usually taken in the range
of 40-200 mg per day. In 2010, a meta-analysis of clini-
cal trials has shown Ginkgo to be moderately effective in
improving cognition in dementia patients™ but not pre-
venting the onset of Alzheimer’s disease in people without
dementia.®"® Ginkgo is believed to have no tropic prop-
erties, and is mainly used as memory and concentration
enhancet, and antivertigo agent.™ Ginkgo extract may
have three effects on the human body: improvement in
blood flow to most tissues and organs, protection against
oxidative cell damage from free radicals, and blockage of
many of the effects of platelet-activating factor (platelet
aggregation, blood clotting)® that have been related to
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the development of a number of cardiovascular, renal,
respiratory and central nervous system disorders. Gink-
golides, especially ginkgolideB, are potent antagonists
against platelet-activating factor, and thus may be use-
ful in protection and prevention of thrombus, endotoxic
shock, and from myocardial ischemia.* The plant also
contains biflavones.® Important constituents present in
the medicinally used leaves are terpene trilactones, i.e.,
ginkgolides A (Figure 64), B, C, ] and bilobalides, many
flavonol glycosides, biflavones, proanthocyanidins, alkyl-
phenols, simple phenolic acids, 6-hydroxykynurenic acid,
4-O-methylpyridoxine and polyprenols.

Momordica charantia (Bitter melon)

Momordica charantia belongs to the family Cucurbitaceae.
Bitter melon fruit contains an array of biologically active
plant chemicals including triterpenes, proteins, and ste-
roids. One chemical has clinically demonstrated the abil-
ity to inhibit the enzyme guanylate cyclase that is thought
to be linked to the cause of psoriasis and also necessary
for the growth of leukemia and cancer cells. In addition,
a protein found in bitter melon, momordin, has clini-
cally demonstrated anticancerous activity against Hodg-
kin’s lymphoma in animals. Other proteins in the plant,
alpha- and beta-momorcharin and cucurbitacin B have
been tested for possible anticancerous effects. A chemical
analog of these bitter melon proteins has been developed,
patented, and named “MAP-30"; its developers reported
that it was able to inhibit prostate tumor growth. Two of
these proteins-alpha- and beta-momorcharin-have also
been reported to inhibit HIV virus in test tube studies. In
numerous studies, at least three different groups of con-
stituents found in all parts of bitter melon have clinically
demonstrated hypoglycemic (blood sugar lowering) prop-
erties or other actions of potential benefit against diabetes
mellitus. These chemicals that lower blood sugar include a
mixture of steroidal saponins known as charantins, insulin-
like peptides, and alkaloids. Alkaloids, charantin, charine,
cryptoxanthin, cucurbitins, cucurbitacins, cucurbitanes,
cycloartenols, diosgenin, elacostearic acids, erythrodiol,
galacturonic acids, gentisic acid, goyaglycosides, goyasa-
ponins, guanylate cyclase inhibitors, gypsogenin, hydroxy-
tryptamines, karounidiols, lanosterol, lauric acid, linoleic
acid, linolenic acid, momorcharasides, momorcharins,
momordenol, momordicilin, momordicins (Figure 65),
momortdicinin, momotdicosides, momordin, multiflo-
renol, myristic acid, nerolidol, oleanolic acid, oleic acid,
oxalic acid, pentadecans, peptides, petroselinic acid, poly-
peptides, proteins, ribosome-inactivating proteins, rosma-
rinic acid, rubixanthin, spinasterol, steroidal glycosides,
stigmasta-diols, stigmasterol, taraxerol, trehalose, trypsin
inhibitors, uracil, vacine, v-insulin, verbascoside, vicine,
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zeatin, zeatin riboside, zeaxanthin, and zeinoxanthin are all
found in bitter melon.®”%!

Ocimum sanctum (Tulsi)

Ocimum sanctum belongs to the family Lamiaceae. Some of the
main chemical constituents of tulsi leaves are: oleanolic acid
(Figure 60), ursolic acid (Figure 67), rosmarinic acid (Figure
68), eugenol (Figure 69), carvacrol, linalool, 3-caryophyllene
(about 8%, B-elemene (c.11.0%), and germacrene D
(about 2%).”" A vatiety of invitro studies and animal studies
has indicated some potential pharmacological propet-
ties of Ocimum tenuiflornm or its extracts. Recent studies
suggest tulsi may be a COX-2 inhibitor, like many modern
painkillers, due to its high concentration of eugenol.”!)
The fixed oil has demonstrated antihypetlipidemic and
cardioprotective effects in rats fed a high fat diet.” Some
laboratory experiments on extracts of Ocimmum  tenuiflo-
rum have indicated they may have potential in future
pharmaceutical applications in the field of cancer treatment,
and mitigating the effects of radiation exposure.” Isolated
O. sanctum extracts have some antibacterial activity against
E. coli, S. aurens and P. aeruginosa.”

Ricinus communis (Castor oil plant)
Ricinus communis belongs to the family Euphorbiaceae.
Castor seed is the source of castor oil, which has a wide
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variety of uses. The seeds contain 40% to 60% oil that is
rich in triglycerides, mainly ricinolein. The seed contains
ricin, a toxin, which is also present in lower concentra-
tions throughout the plant. Castor oil has many uses in
medicine and other applications. An alcoholic extract
of the leaf was shown, in lab rats, to protect the liver
from damage from certain  poisons.”"" Methanolic
extracts of the leaves of Ricinus communis were used in
antimicrobial testing against eight pathogenic bacteria
in rats and showed antimicrobial properties. The extract
was not toxic.” The pericarp of castor bean showed
central nervous system effects in mice at low doses. At
high doses mice quickly died. A water extract of the root
bark showed analgesic activity in rats.””! Antihistamine
and anti-inflammatory properties were found in ethanolic
extract of Ricinus communis root bark '™

Rubiatinctorum (Common madder)

Rubia tinctorum belongs to the family Rubiaceae. The
plant’s roots contain several polyphenolic compounds
like 1, 3 Dihydroxyanthraquinone (purpuroxanthin),
1, 4 Dihydroxyanthraquinone (quinizatin) (Figure 70),
1, 2-dihydroxyanthraquinone (alizarin) (Figure 71) and
1, 2, 4-Trihydroxyanthraquinone (purpurin) (Figure 72).
This latter constituent gives its red colour to a textile dye
known as Rose madder. It was also used as a colourant,
especially for paint, that is referred to as Madder Lake. In
one study, madder was found to have antimicrobial prop-
erties 7z vitro.'""" In one animal study, madder was found

to have antidiarrheal activity in rats.""?

Zingiber officinale (Ginger)

Zingiber officinale belongs to the family Zingiberaceae. The
characteristic odor and flavor of ginger rhizome is caused
by a mixture of zingerone (Figure 73), shogaols and gin-
gerols (Figure 74), volatile oils that compose one to three
percent of the weight of fresh ginger. In laboratory ani-
mals, the gingerols increase the motility of the gastroin-
testinal tract and have analgesic, sedative, antipyretic and
antibacterial properties.'™ [6]-gingerol (1-[4-hydroxy-
3-methoxyphenyl]-5-hydroxy-3-decanone) is the major
pungent principle of ginger. Ginger contains up to three
percent of a fragrant essential oil whose main constitu-
ents are sesquiterpenoids, with (-)-zingiberene as the main
component. Smaller amounts of other sesquiterpenoids
(B-sesquiphellandrene, bisabolene and farnesene) and a
small monoterpenoid fraction (B-phelladrene, cineol, and
citral) have also been identified. The pungent taste of gin-
ger is due to nonvolatile phenylpropanoid-derived com-
pounds, particulatly gingerols and shogaols, which form
from gingerols when ginger is dried or cooked. Zingerone
is also produced from gingerols during this process; this
compound is less pungent and has a spicy-sweet aroma.!'*"
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According to the American Cancer Society, ginger has been
promoted as a cancer treatment “to keep tumors from
developing”, but “available scientific evidence does not
support this”."" In limited studies, ginger was found to
be more effective than placebo for treating nausea caused
by seasickness, morning sickness and chemotherapy.!'”
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Zingerone may have activity against enterotoxigenic
Escherichia coli in enterotoxin-induced diarrhea in mice.'"”

Ficus carica (Common Fig)

Ficus carica belongs to the family Moraceae. Figs have a
laxative effect and contain many antioxidants. The fruits
are a good source of flavonoids and polyphenols includ-
ing gallic acid (Figure 75), chlorogenic acid (Figure 70),
syringic acid (Figure 77), (+)-catechin, (—)-epicatechin
and rutin (Figure 78). In one study, a 40-gram portion of
dried figs (two medium size figs) produced a significant
increase in plasma antioxidant capacity and show hepato-
protective activity.!'"

Carica papaya (Papaya)

Carica papaya belongs to the family Caricaceae. Papaya fruit
is a source of nutrients such as provitamin A, carotenoids,
vitamin C, folate and dietary fibre. Papaya skin, pulp and
seeds also contain a variety of phytochemicals, includ-
ing lycopene (Figure 79) and polyphenols. In preliminary
research, danielone (Figure 80), a phytoalexin found in
papaya fruit, showed antifungal activity against Colle-
totrichum gloesporioides, a pathogenic fungus of papaya.'”
In some parts of the world, papaya leaves are made into
tea as a treatment for malaria. Antimalarial and antiplas-
modial activity has been noted in some preparations of
the plant, but the mechanism is not understood and no
treatment method based on these results has been scien-
tifically proven. In belief that it can raise platelet levels
in blood, papaya may be used as a medicine for dengue
fever."""! Papaya is marketed in tablet form to remedy for
digestive problems. Papain is also applied topically for the
treatment of cuts, rashes, stings and burns.

Adhatoda vasica (Vasaka)

Adpatoda vasica belongs to the family Acanthaceae. The
chief quinazoline alkaloid vasicine is reported in all parts
of the plant, the highest being in inflorescence. The
modern drug Bromhexin is the synthetic form of vasi-
cine (Figure 81). It is a bitter bronchodilator, respiratory
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stimulant, hypotensive, cardiac depressant, uterotonic
and abortifacient. An aqueous solution of vasicinone
(Figure 82) hydrochloride, when studied in mice and
dogs, was found to potentiate the bronchodilatory activ-
ity of aminophylline also that of isoprenaline. Vasicinone
exhibited smooth muscle-relaxant properties of airways.
Alkaloids present in the plant showed significant protec-
tion against allergen-induced bronchial obstruction in
guinea pigs. The leaves are found to activate the digestive
enzyme trypsin. An extract of the leaves showed signifi-
cant antifungal activity against ringworm. The leaf-juice is
stated to cure diarrthoea and dysenter."'!

Matricaria chamomilla (Chamomile)
Matricaria chamomilla belongs to the family Asteraceae. Its
active ingredients are farnesene (Figure 83), chamazulene
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(Figure 84 ), flavonoids (including apigenin, quercetin,
patuletin and luteolin) and coumarins its essential oil is the
terpene bisabolol (Figure 85) where as.l'""”! Research with
animals suggests antispasmodic, anxiolytic, anti-inflam-
matory and some antimutagenic and cholesterol-lowering
effects for chamomile. Chamomile has sped healing time

314 Tt also showed some benefit

of wounds in animals.
in an animal model of diabetes.!' It is used to treat diar-
rhoea and nausea. Iz vitro chamomile has demonstrated
moderate antimicrobial and antioxidant properties and
significant antiplatelet activity, as well as preliminary
1271161 Fegential oil of chamomile
was shown to be a potential antiviral agent against herpes

simplex virus type 2 (HSV-2) 7 vitr''")

results against cance

Kalanchoe pinnata (Leaf of life)

Kalanchoe pinnata belongs to the family Crassulaceae.
Kalanchoe pinnata has been found to contain bufadi-
enolide (Figure 86) cardiac glycosides."**! Bufadienolide
compounds isolated from Kalanchoe pinnata include
bryophillin A which shows strong anti-tumor promot-
ing activity and bersaldegenin-3-acetate and bryophillin C
which are less active.'"” Bryophillin C also showed insec-
ticidal properties.'*! Several studies have documented that
leaf of life is antibacterial, antimicrobial, hepatoprotec-
tive, antiviral and antifungal. The plant is also said to have
effective antihistamine and anaphylactic properties that
might explain its traditional use for asthma, insect bites and
stings. In recent research in Hawaii, leaf of life demon-
strated noticeable effects on cancer tissue and confirmed
powerful antimicrobial activity. Leaf of life also exhib-
ited pain relieving and anti-diabetic properties in a study
on mice in Africa. The reported immuno-suppressant
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properties of leaf of life might therefore be useful in
treating conditions such as rheumatoid arthritis and lupus.

Solanum trilobatum (Alarka)

Solanum trilobatum belongs to the family Solanaceae. So/a-
num trilobatum is an extensively used Indian traditional
medicine to cure various human ailments. It was distrib-
uted throughout the southern parts of India. S. #ilobatum
is reported to cure numerous diseases viz., tuberculosis,
respiratory problems and bronchial asthma. S. #ilobatum
was reported to harbour hepatoprotective activity, anti-
microbial activity, antioxidant activity, cytotoxic activity,
haemolytic activity, protective effect, immunomodulatory
activity and anti-inflammatory properties. Phytochemi-
cal screening showed the presence of carbohydrates,
saponins, phytosterols and tannins in leaf, whereas, stem
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possess carbohydrates, saponins, phytosterols, tannins,
flavonoids and cardiac glycosides as major phytochemi-
cal groups. Alkaloides such as soladunalinidine and toma-
tidine were isolated from the leaf and stem of Solanum
species. S. trilobatum contains chemical compounds like
Sobatum, B-solamarine, solasodine (Figure 87), solaine,
glycoalkaloid and diosogenin.!'*!

Trigonella foenum graecum (Fenugreek)

Is an annual herb that belongs to the family Leguminosae.
The seeds of fenugreek are commonly used as a spice in
food preparations due to the strong flavour and aroma.
The seeds are reported to have restorative and nutritive
properties. Fenugreek seeds have antioxidant activity and
have been shown to produce beneficial effects such as
neutralization of free radicals and enhancement of anti-
oxidant apparatus. The protective effect of a polyphe-
nolic extract of fenugreek seeds against ethanol-induced
toxicity was investigated in human Chang liver cells. Etha-
nolic treatment suppressed the growth of Change liver
cells and induced cytotoxicity, oxygen radical formation
and mitochondrial dysfunction.

Garcinia mangostana (Mangos teen)

Garcinia mangostana belongs to the family Guttiferae. It is
a tropical evergreen tree and is an emerging category of
novel functional foods sometimes called “super fruits”
presumed to have a combination of appealing subjective
characteristics, such as taste, fragrance and visual qualities,
nutrient richness, antioxidant strength and potential impact
for lowering risk of human diseases . The pericarps of G.
mangostana have been widely used as a traditional medicine
for the treatment of diarrhea, skin infection and chronic
wounds in South East Asia for many years. These are the
nature’s most abundant sources of xanthones (Figure 88),
which are the natural chemical substances possess-
ing numerous bioactive properties that help to maintain
intestinal health, neutralize free radicals, help and support
joints and cartilage functions and promotes immune sys-
tems. These are extracted from the rind of mangos teen
containing 95% xanthones also isoflavones, tannin and
flavonoids. Treatment of hepatocellular carcinomas (liver
cancer) with chemotherapy has generally been disappoint-
ing and it is most desirable to have more effective new
drugs. The investigators extracted and purified 6 xanthone
compounds from the rinds (peel) of the fruit of Garcinia
mangostana, mangos teen fruit. The investigators tested

this extract on 14 different human liver cancer cell lines.['*?

Jatropha curcas (Purging nut)

Jatrgpa curcas belongs to family Euphorbiaceae. It is an ever-
green shrub, indigenous to America, but cultivated in most
parts of India. This evergreen plant is common in waste
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Figure 87. Solasodine.
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Figure 88. Xanthones.

places throughout India, especially on the Coromandel
Coast and in Travancore; in the southern parts it is culti-
vated chiefly for hedges in the Konkan, and also in Malay
Peninsula. Leaves are regarded as antiphrastic, applied
to scabies; rubefacient for paralysis, rheumatism; also
applied to hard tumours. Leaves also show antileukemic
activity. Compounds that have been isolated from Jatropha
curcas leaves include the flavonoids apigenin (Figure 89)
and its glycosides vitexin (Figure 90) and isovitexin, the
sterols stigmasterol (Figure 91), o -D-sitosterol and its o —
D-glucoside. Methanolic fraction of leaves of Jatropha
curcas (MEJC) was evaluated against hepatocellular carci-
noma induced by Aflatoxin.!'*?

Cassia roxburghii (Ceylon Senna)

Cassia roxburghii belongs to the family Caesalpiniaceae.
Seeds of Cassia roxburghii DC have been used in ethno-
medicine for various liver disorders for its hepatoprotec-
tive activity. The methanolic extract of Cassia roxburghii
reversed the toxicity produced by ethanol CCl4 combina-
tion in dose dependent manner in rats. The extract at the
doses of 250 mg/kg and 500 mg/kg are comparable to the
effect produced by Liv-52®, a well established plants based
hepatoprotective formulation against hepatotoxins.['*1*!

Solanum nigrum (Kakamachi)
Solanum nigrum belongs to the family Solanaceae. Ayurveda,
the drug is known as kakamachi. Aromatic water extracted
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from the drug is widely prescribed by herbal vendors for
liver disorders. Although clinical documentation is scare
as far as hepatoprotective activity is concerned, but some
traditional practitioners have reported favorable results
with powdered extract of the plant.l'”!
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Coccinia grandis (lvy gourd)

Coccinia grandis belongs to the family Cucurbitaceae. In
traditional medicine, fruits have been used to treat lep-
rosy, fever, asthma, bronchitis and jaundice.The fruit
possesses mast cell stabilizing, anti-anaphylactic and
antihistaminic potential.'* In Bangladesh, the roots
are used to treat osteoarthritis and joint pain. A paste
made of leaves is applied to the skin to treat scabies.!'”"
There is some research to support that compounds in
the plant inhibit the enzyme glucose-6-phosphatase.!**!
Glucose-6-phosphatase is one of the key liver enzymes
involved in regulating sugar metabolism. Therefore, ivy
gourd is sometimes recommended for diabetic patients.
Although these claims have not been supported, there
currently is a fair amount of research focused on the
medicinal properties of this plant focusing on its use as
an antioxidant, anti-hypoglycemic agent, immune system
modulator, etc.

Annona squamosa (Sugar apple)

Annona squamosa belongs to the family Annonaceae.
The diterpenoid alkaloid atisine is the main compo-
nent of the root. Other constituents of Annona squa-
include oxophoebine, reticuline (Figure 92),
atidine, histisine, hetisine, hetidine, heterophyllisine, het-
erophylline, hetetlophylline, isoatisine, dihydroatisine,
hetisinone benzoyl heteratisine and citronella oil. In US
patent 4689232, Bayer AG patented the extraction pro-
cess and molecular identity of squamocin. This molecule
is known as an annonaceous acetogenin (Figure 93).
Bayer also patented its use as a biopesticide. Many oth-
ers have found other acetogenins in extracts of the seeds,
bark, and leaves.['*?”! Studies have revealed that the extracts
of Annona squamosa exert hepatoprotective effect and the
plant extract could be an effective remedial for chemical
induced hepatic damage.!""

mosa

Lepidium sativum (Garden cress)

Lepidinm sativum belongs to the family Brassicaceae. Gar-
den cress seeds, since ancient times, have been used in
local traditional medicine of India.*"! Garden cress seeds
are bitter, thermogenic, depurative, rubefacient, galac-
togogue, tonic, aphrodisiac, ophthalmic, antiscorbutic,
antihistaminic and diuretic. They are useful in the treat-
ment of asthma, coughs with expectoration, poultices for
sprains, leprosy, skin disease, dysentery, diarrhoea, sple-
nomegaly, dyspepsia, lumbago, leucorrhoea, scurvy and
seminal weakness. Seeds have been shown to reduce the
symptoms of asthma and improve lung function in asth-
matics.’? The seeds have been reported as possessing a
hypoglycemic property!'!
as a substitute for gum arabic and tragacanth.

and the seed mucilage is used
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Aegle marmelos (Bael)

Aegle marmelos belongs to the family Rutaceae. The Tamil
Siddhars call the plant goovilamz and use the fragrant leaves
for medicinal purposes, including dyspepsia and sinusitis.
A confection called #akam is made of the fruit and used
to treat tuberculosis and loss of appetite.™ It is used
in Ayurveda for many purposes, especially chronic con-
stipation. Aegeline (N-[2-hydroxy-2 (4-methoxyphenyl)
ethyl]-3-phenyl-2-propenamide) (Figure 94) is a known
constituent of the bael leaf and consumed as a dietary
supplement for a vatiety of purposes.*!

Morinda citrifolia (Noni)

Morinda citrifoliabelongs to the family Rubiaceae. M. citrifolia
fruit contains a number of phytochemicals, including lig-
nans, oligo- and polysaccharides, flavonoids, iridoids, fatty
acids, scopoletin, catechin, beta-sitosterol, damnacanthal
(Figure 95), and alkaloids.*! The green fruit, leaves, and
root/rhizomes were traditionally used in Polynesian cul-
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Figure 95. Damnacanthal.

tures to treat menstrual cramps, bowel irregularities, dia-
[137]

betes, liver diseases, and urinary tract infections.
Cichorium intybus (Kasni)

Cichorinm intybus belongs to the family Asteraceae. Cichorium
intybus 1s a popular Ayurvedic remedy for the treatment of
liver diseases. It is a part of polyherbal formulations used
in the treatment of liver diseases. In preclinical studies an
alcoholic extract of the Cichorium intybus was found to be
effective against chlorpromazine induced hepatic damage
in adult albino rats. A bitter glucoside, Cichorin has been
reported to be the active constituent of the herb.['**!

Coptidis rhizoma (Huanglian)

Coptidis Rhizoma belongs to the family Ranunculaceae. The
extract is prepared from the rhizome of Coptis chinensis
(huang lian) Berberine (Figure 906) is an active compound
in Coptidis Rhizoma with multiple pharmacological activi-
ties including antimicrobial, antiviral, anti inflammatory,

cholesterol-lowering, hepatoprotective and anticancer
effects."*]

HEPATOPROTECTIVE MODEL FOR ANIMAL STUDY

Both n vivo and in vitro models are employed for assessing
the hepatoprotective activity. Both these models measure
the ability of the test drug to prevent or cure liver toxicity
which may be induced by various hepatotoxins in experi-

mental animals such as rats, mice etc.!'”
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Figure 96. Berberine.

In vitro models

For studying the antihepatotoxic activity of drugs, fresh
hepatocyte preparations and primary cultured hepatocytes
are cultured and are treated with hepatotoxin. The effect
of the test drug on the hepatotoxin treated cultured hepa-
tocytes is evaluated. The transaminases activities released
into the medium are determined. Liver damage is indi-
cated by an augmented activity of marker transaminases
in the medium. Parameters determined are hepatocytes
multiplication, morphology, macromolecular synthesis
and oxygen consumption.!"*!!

In vivo models

Liver damage in experimental animals is induced by
administration of a toxic dose or repeated doses of a
known hepatotoxin. The test substance is administered
along with, prior to and/or after the toxin treatment.
Liver damage and recovery from damage are assessed by
quantifying serum marker enzymes, bilirubin, bile flow,
histopathological changes and biochemical changes in
liver. Liver damage is indicated by an augmented activ-
ity of liver marker enzymes such as glutamate pyruvate
transaminase (GPT), glutamate oxaloacetate transaminase
(GOT) and alkaline phosphatase in the serum.!'*?

Hepatotoxic agents

Various chemical agents normally used to induce hepa-
totoxicty in experimental animals for the evaluation of
hepatoprotective agents are Acryl amide, Adriamycin,
Alcohol, Antitubercular drugs, Cadmium, Carbon tetra-
chloride, Erythromycin, Galactosamine, Lead, Microcys-
tin, Paracetamol, Tamoxifen, Thioacetamide, etc.

Acryl amide
Acryl amide (AA) is a water-soluble vinyl monomer and
is carcinogenic to humans. In the human body, AA is
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oxidized to the epoxide glycidamide (2, 3-epoxypro-pio-
namide) through an enzymatic reaction involving cyto-
chrome P4502E1. AA undergoes biotransformation by
conjugation with glutathione and is probably being the
major route of detoxification. Daily dose of 6 mg/kg, ip
for 15 days is used for the production of hepatotoxicity in
female Sprague-Dawley rats.'*!

Adriamycin

Adriamycin (Doxorubicin) is a potent cytotoxic agent
which has been shown to undergo redox cycling between
semiquinone and quinone radicals during its oxidative
metabolism. A single dose of 10 mg/kg body weight of
Adriamycin is given to rats for inducing hepatotoxicity.!*!

Alcohol

Alcohol consumption causes fatty infiltration, hepatitis
and cirrhosis of the liver. Fat infiltration is a reversible
phenomenon which occurs when alcohol replaces fatty
acids in the mitochondria. Hepatitis and cirrhosis occurs
because of enhanced lipid peroxidative reaction during the
microsomal metabolism of ethanol. These effects of etha-
nol are a result of the enhanced generation of oxy free rad-
icals during its oxidation in liver.'*! The peroxidation of
membrane lipids leads to loss of membrane structure and
integrity. These results in elevated levels of glutamyl trans-
peptidase, a membrane bound enzyme in serum. Continu-
ous administration of ethanol (7.9 g/kg body weight/d)
for a petiod of 6 weeks causes liver damage in rats.'*]

Antitubercular drugs

Isoniazid is metabolized to monoacetyl hydrazine, which
is further metabolized to a toxic product by cytochrome
P450 leading to hepatotoxicity. Patients on concurrent
rifampicin therapy have an increased risk of hepatitis.!"*”

Cadmium

Cadmium exposure causes testicular atrophy, renal dys-
function, hepatic damage, hypertension, central nervous
system injury and anemia. Cadmium induces oxidative
damage in different tissues by enhancing peroxidation of
membrane lipids in tissues and altering the antioxidant
systems of the cells. Cadmium is given orally (3 mg/kg
body weight/d) as cadmium chloride (CdCl,) for 3 weeks
to induce hepatotoxicity in rats.!'*!

Carbon tetrachloride

Carbon tetrachloride is metabolized by cytochrome P-450
in endoplasmic reticulum and mitochondria with the for-
mation of CCL O, a reactive oxidative free radical, which
initiates lipid peroxidation. Dose of CCl,: 1 mL/kg body
weight, i.p., 1:1 v/v mixture of CCI, and olive oil induces
hepatotoxicity.'*”
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Erythromycin

Erythromycin estolate is a potent macrolide antibiotic
which generates free radicals and induces liver toxicity.
Erythromycin when given as erythromycin stearate
(100 mg/kg body weight for 14 d)*"! or erythromycin
esolate (800 mg/kg/d for 15 d) to albino rats produces
hepatotoxicity.*"

Galactosamine

Galactosamine causes diffuse type of liver injury. Galactos-
amine decreases the bile flow and its content i.e. bile salts,
cholic acid and deoxycholic acid. Galactosamine reduces
the number of viable hepatocytes as well as rate of oxygen
consumption. Hepatic injury is induced by intraperitoneal
single dose injection of D-galactosamine (800 mg/kg)."*?

Lead

Lead-induced hepatic damage is mostly rooted in lipid
peroxidation (LPO) and disturbance of the prooxidant-
antioxidant balance by generation of reactive oxygen spe-
cies (ROS). Hepatotoxicity can be induced by using lead
acetate (550 ppm for 21 d in drinking water)!"™ or lead
nitrate (5 mg/kg body weight daily for 30 days).!">

Microcystin

Microcystis aeruginosa is a potent hepatotoxin. Mice
receiving sublethal doses of microcystin (20 ng/kg) for
28 weeks developed neoplastic liver nodules.!'!

Paracetamol

Paracetamol is a widely used analgesic and antipyretic
drug which produces acute liver damage in high doses.
Paracetamol administration causes necrosis of the cen-
trilobular hepatocytes characterized by nuclear pyknosis
and eosinophilic cytoplasm followed by large excessive
hepatic lesion. Dose of Paracetamol that causes hepato-
toxicity is 2 g/kg P.O.I

Tamoxifen

Tamoxifen citrate (TAM) is a non-steroidal antiestrogen
drug used in the treatment and prevention of hormone
dependent breast cancer. At high doses, it causes liver
carcinogenicity in rats, due to oxygen radical overproduc-
tion and lipid per oxidation via formation of lipid peroxy
radicals. An i.p. dose of 45 mg/kg/d of tamoxifen citrate
in 0.1 mL dimethylsulfoxide and normal saline for 6 d

induce hepatotoxicity in rats.!”")

Thioacetamide

Thioacetamide is reported to interfere with the move-
ment of RNA from the nucleus to cytoplasm which
causes membrane injury. A metabolite of thioacetamide
is responsible for hepatic injury. Thioacetamide reduces
the number of viable hepatocytes and rate of oxygen

consumption as well. It also decreases the volume of bile
and its content i.e. bile salts, cholic acid and deoxycholic
acid. I.P. dose of thioacetamide that causes hepatotoxicity
is 200 mg/kg, thrice weekly for 8 weeks!'*.

Discussion For the treatment of liver diseases, the safety
and efficacy of several botanicals has been confirmed by
clinical research. It has been seen that herbal hepatopro-
tective drugs have less side effects or interactions as com-
pare to synthetic medicine but much additional work is
needed to open up new biomedical applications of these
plants. The most effective drug for each kind of liver dis-
ease has to be selected by separate efficacy evaluations.
There is still a lot of work to be done in order to achieve
a reliable standardized product and to link it to a specific
biological activity and therapeutic application.

CONCLUSION

It was concluded from the whole literature survey that
modern society has inherited knowledge from many cul-
tures that herbal medicines are effective candidates against
hepatic disorder. Natural products have been used as
medicine in Ayurveda from a long time. Some medicinal
plants are hepatoprotective/hepatogenic agents against
hepatotoxicity caused by hepatotoxicant. Many researches
have been done and more remain to be done on their safe
and effective use.
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