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ABSTRACT

Liver plays a major role in transforming and clearing the chemicals form the body, but
same time it is susceptible to the toxicity of these chemicals. Liver diseases are now become
major public health problem worldwide, beside viral infection, autoimmune diseases,
infectious agents, toxic chemicals and many drugs at higher doses can cause hepatic injury.
The drugs used for the treatment of hepatic disorders have many side effects since all drugs
detoxified in the liver with the help of cytochrome p-450 system. Several plants are being
used for treatment of liver diseases among people in different areas of the world since
ancient time. In the current review we have summarized the information regarding the
causes of liver diseases and plants used for the treatment of liver diseases.

KEYWORDS: Medicinal plants, Liver diseases, Allopatic drugs, Carbon tetracyhloride.
Acetaminophen, Cytochrome p-450.

INTRODUCTION

Liver is the vital organ of body, performs life maintaining functions like metabolic
(protein, lipid and carbohydrate metabolism), regulatory, transportation/ secretory and
transformation (xenobiotics and other harmful substances from body) (Appak-Baskoy
et al., 2019). Hepatocytes are parenchymal cells of liver, contain a number of enzymes
catalyzing different reaction regarding protein, lipid and carbohydrate metabolism. It
maintains normal glucose level in blood via glycolysis and gluconeogenesis (Rui,
2011). Liver produces glucose by breaking glycogen and by de novo synthesis of
glucose from non-carbohydrate precursors (Hatting et al., 2018). Metabolism in liver
plays a vital role in the maintenance of whole body energy state as liver is the principal
site for storage and release of fatty acids and carbohydrates synthesis. When ample
glycogen stores are present then extra glucose will be converted into triglycerides.
Acetyl-CoA carboxylase (ACC) and hydroxy-methyl-glutaryl-CoA reductase (HMG-
CoA) are two major enzymes in fatty acid and cholesterol synthesis, respectively
(Chiang, 2014). The mitochondrial proteins: carnitine-palmityl-transferase | & Il in
liver cells are responsible for acyl-CoA transport and fatty acid p-oxidation in liver and
muscles (Esposti et al., 2012). Along with carbohydrate and lipid metabolism, liver is
also involved in protein metabolism; nitrogen enters the liver in the form of free
ammonia and amino acids (Degli et al., 2012). Detoxification of ammonia occurs in
liver cells, with concomitant release of urea. Any ammonia bypass detoxification is
usually caught by liver cells and where it transformed to glutamine via glutamine
synthetase (Olde Demink et al., 2009; Farghali et al., 2015).
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Liver diseases: Liver diseases are major public health problem worldwide, not only
cause by viral infection, (hepatitis A, B, C), autoimmune diseases, some bacterial and
fungal pathogens, toxic chemical substances, poisons, drinking too much alcohol
(Dolganiuc, 2015), but also by higher doses of the drugs (pain killers, antibiotics,
vitamins, medicines against tuberculosis, epilepsy and diabetes) (Khan et al., 2017).
Hepatitis is an inflammation of liver cells leads to chronic liver diseases like steatosis,
fibrosis, cirrhosis and hepatocellular carcinomas. If the liver forms scar tissue because of
an illness, it's called cirrhosis (Ringehan et al., 2017).

Jaundice, a liver disease can be identified by yellowing of the skin. The common
symptoms of hepatitis are; right upper abdominal pain, myalgia, fatigue and malaise,
nausea and vomiting, change in sense of smell and taste, photophobia, coryza, headache,
diarrhea, dark stool and urine (Subbiah & West, 2016). Increased level of serum
biochemical markers such as alanine aminotransferase (ALT), aspartate transaminase
(AST), alkaline phosphatase (ALP), bilirubin, triglycerides and cholesterol are usually
associated with liver damage (Ahmed et al., 2018).

There are different types of liver cells, parenchymal cells (hepatocytes) and non-
parenchymal cells (kupffer cells, fat storing cells, endothelial cells and pit cells). Kupffer
cells play a major role in liver damage by number of secretions. They are resident
macrophages in liver, endocytose old or injured cells, endotoxins (Gu & Manautou,
2012). They become activated after phagocytosis and release biologically active
compounds, free radicals, growth factors and chemokines. The endotoxin becomes toxic
to cells and tissues because of the products release by kupffer cells and inflammatory
cells. They activate fat storing cells, pit cells and other immune cells to direct an immune
response against the endotoxin. After activation, fat storing cells change into
myofibroblast which produce progressively increasing amounts of extracellular matrix
component (collagen type 1, 3 and 4, fibronectin, laminin, chondroitin, dermatan sulfate
and hyaluronate) (Kawada & Parola, 2015). The abnormal deposition of extracellular
matrix components in liver can block the blood (nutrient) supply to liver cells and thus
ultimately leads towards hepatocytes death.

Oxidative stress and liver damage: Energy generation by mitochondria or
detoxification reactions inevitably generates free radicals, i.e., reactive oxygen
species/reactive nitrogen species (ROS/RNS) which induced oxidative stress and has
been implicated in various forms of diseases. Excessive ROS generation depletes the
endogenous antioxidants that subsequently fail to counteract all the ROS leading to
cellular injury (Jadeja et al., 2017). Under certain circumstances, it can be over-produced
and leaving a net excess amount in the system. This abnormal increase leads towards a
condition called oxidative stress that may promote inflammatory responses (Muriel,
2017). The biochemical reactions producing free radicals involve in the reactions of
respiratory chain, the phagocytosis, the cytochrome p-450 system and the prostaglandins
producing reactions (Arauz et al., 2016; Phaniendra et al., 2015).

Oxidative stress can make major changes in the membranes as well as in the
structures of lipids, proteins, lipoproteins and deoxyribonucleic acid (DNA) (Birben et
al., 2012). If free radicals produced in surplus amount it may destruct cell membranes
and lipoproteins by a mechanism known as lipid peroxidation. This process results in the
production of melondialdehyde (MDA) and conjugated diene compounds, which can
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cause mutation and would be highly cytotoxic. This process once started, it spreads
rapidly and affects a large number of lipid molecules. Free radicals also damage the
proteins leads to loss of enzymatic activity and if DNA is damaged it causes mutation
(Pizzino et al., 2017).

Oxidative stress is involved in the progression of liver disease which may be ranges
from subclinical icteric hepatitis to necro-inflammatory hepatitis, fibrosis, cirrhosis and
carcinomas (Jadeja et al., 2017). An over production of free radicals and an increase in
hepatic lipid peroxidation have been reported in alcoholic liver disease, chronic drugs,
liver cirrhosis and steato-hepatitis (Galicia-Moreno & Gutierrez-Reyes, 2014). These free
radicals produce in excess either by activation of kupffer cells or via biotransformation of
drugs, toxins and chemical substances may also lead towards hepatocytes death (Gu &
Manautou, 2012).

Drugs and chemicals causing hepatotoxicity: The most common drugs and chemicals
said to be hepatotoxic are acetaminophen (AAP), carbon tetrachloride (CCl,), D-
galactosamine, thioacetamide (TAA), aflatoxin, cyclosporine A, alcohol, 2-acetyl-
aminoflourene, tacrine and rifampicin (Bjérnsson, 2016).

D-galactosamine is a toxin for the induction of hepatitis and other serious health
problems that may lead to the death (Maes et al., 2016). Absorption of D-galactosamine
affects cell membrane, organelles and synthesis of protein and nucleic acid. Its toxic
effect leads to insufficiency of UDP-glucose and UDP-galactose and leads to decrease in
hepatic content of uracil nucleotide, which causes inhibition of transcription and
translation processes (Tawfik et al., 2015).

The administration of thioacetamide leads to the generation of hepatotoxic reactive
metabolite, thioacetmide-S-oxide. It may further result in disturbed cell permeability and
it inhibits mitochondrial activity followed by cell death. The chronic exposure of TAA
resulted in cirrhosis in rats (Al-Attar et al., 2017).

Acetaminophen and CCl, are widely used chemicals for the induction of
hepatotoxicity in experimental models (Fukaya et al., 2017)

Acetaminophen induced hepatotoxicity: Acetaminophen, considered safe at
therapeutic doses, developed and sold in market by drug manufacturing companies
(pharmaceutical companies) using trade names of Paracetamol, Tyenol and Panadol.
Now days it has been widely used as an analgesic and antipyretic drug worldwide. In
high doses acetaminophen produces a centrilobular hepatic necrosis that can be fatal
(Yoon et al., 2016). It is metabolically activated by cytochrome p-450 to form a reactive
metabolite N-acetyl-p-benzoquinone imine (NAPQI), formed by direct two-electron
oxidation (Yan et al., 2018). Cytochrome 2E1, 1A2, 3A4 and 3A6 (Mazaleuskaya et
al., 2015) have been reported to oxidize acetaminophen to the reactive metabolite.
NAPQI is detoxified by glutathione (GSH) to form an acetaminophen-glutathione
conjugate. Hence, result a depletion of glutathione upto 90% (Sun et al., 2018). The
active metabolite covalently binds to the cysteine groups on protein; forming
acetaminophen-protein adducts (Jiang et al., 2019). One possible mechanism of
hepatocytes death may be due to the lower level of glutathione that resulted in
oxidative stress and cellular injury (Jaeschke et al., 2013). The necrosis may be due to
covalent binding to critical cellular proteins especially mitochondrial proteins resulting
in loss of energy production, as well as proteins involve on cellular ions control
(Hinson et al., 2010). Loss of mitochondrial and nuclear ion balance may also result in
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toxin mediated cell death. These losses may lead to increases in cytosolic Ca**
concentrations, mitochondrial calcium cycling, activation of proteases, endonucleases
and DNA strand breaks (Hinson et al., 2010). The effect of NAPQI on isolated
mitochondria and the alteration of plasma membrane ATPase activity after
administration of acetaminophen was also reported (Banerjee et al., 2017).

Carbon tetrachloride induced hepatotoxicity: Carbon tetrachloride (CCl,) is a
prevalent industrial chemical and an organic solvent (Bupesh et al., 2012) in rubber,
drug, chemical and paint industries. It is used as fire extinguishers and cleaning agent.
However, due to its health related hazards, CCl, is strictly regulated in most countries.
Liver injury induced by CCl, administration in rats and mice was similar to that caused
by some more common hepato-destructive agents such as viruses, alcohol, other
chemicals, or autoimmune diseases in humans based on morphological and biochemical
markers of liver disease (Yang et al, 2018). CCl,-induced liver damage is therefore
widely used in experimental studies as a convenient model for evaluation of
hepatoprotective activity of various substances including drugs and dietary supplements.
This model has been extensively used to evaluate the potential of drugs and dietary
antioxidants against the oxidative damage (Zhang et al., 2013). CCl, converted into
reactive free radicals including trichloromethyl (CCls) and peroxy-trichloromethyl
(OOCCIy) radicals via a process of biotransformation catalyzed by cytochrome p-450 in
liver that attach to proteins and DNA and directly harm to these molecules (Weber et al.,
2003). There are sufficient in vivo and in vitro proofs available for the mechanism by
which it exhibits toxic effects in animals (Karakus et al., 2011). The metabolic products
formed during its biotransformation via CYP2E1 are trichloromethyl radical and with
addition of O, it converted into trichloromethyl-peroxy radicals (Jaeschke, 2013). Free
radicals mainly trichloromethyl peroxy radicals are very reactive and produce injuries in
the cell by binding with cellular protein, nucleic acids and lipid especially phospholipids
(Phaniendra et al., 2015). Trichloromethyl-peroxy radicals when attack polyunsaturated
fatty acids in cell membrane they produce fatty acids free radicals that eventually initiate
lipid peroxidation (Weber et al., 2004) through a chain reaction. A number of researchers
have reported that the process of lipid peroxidation takes place in cells after CCl,
administration that can be detected by presence of conjugated dienes in liver (Tribble et
al., 1987), degradation products of fatty acids after oxidation (Gee et al., 1981) or by the
presence of reactive aldehyde (malonaldehyde) which are highly cytotoxic (Ichinose et
al., 1994; Gasso et al., 1996). It is reported that large doses of CCl, causes severe
necrosis, while long term administration at lower doses is used to induced hepatic fibrosis
(Jaeschke et al., 2013).

Drugs/Products used in liver diseases: Conventional treatment strategies are disease
specific and based on known biological factors. With regard to hepatitis C, conventional
medical treatment involves the use of a combination of antiviral and biological response
modifiers that have been shown to be efficacious in large randomized control trials using
rigorously applied, surrogate end points (Seeff et al., 2001). Currently, interferon
(interferon, alpha-2b), ribavirin (Zeuzem et al., 2000), lamivudine, entecavir, famciclovir,
tenofovir and adefovir (Shah et al., 2007) are commonly used allopathic treatment for
hepatic disorders. Allopathic medicine used for the treatment of liver diseases have many
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side effects, with mild to severe toxicities including, insomnia, vomiting, fatigue, dry
mouth, diarrhea, constipation, dizziness, suicidal thoughts, hostility, depression, mania,
seizures, coma, anemia, hair loss, high blood sugar, shoplifting, swelling, impotency,
panic attacks, confusion, fainting and death (Tripathi, 2008). The treatment of hepatitis C
with alpha-interferon is a common practice in conventional medicine. Interferon-a is very
expensive with significant toxicities and causes fatigue, irritability and depression (Zahiu
& Rimbas, 2014).

In China, Chinese herbal medicine is used as a treatment adjunct or alternative to
interferon-a which accounts for 30% to 50% of total medicine consumption, with low cost
and low toxicity. Many over the counter products are marketed to people living with
hepatitis C. The drug Eurocel™ is a mixture of Chinese and Korean herbs, has ability to
improve liver health. Some products in market are from herbal origin and have been
claimed for treating hepatic disorders (Table 1) (Patrick, 2008). Hepato C™ is a mixture of
15 different herbs and plants, improves detoxification functions of the liver. It promotes
liver functions and improves liver health and strength. Liv-52™ has been claimed for
treating all type of liver diseases, including viral hepatitis, alcoholic liver diseases, drugs- or
chemicals-mediated liver dysfunction, pre-cirrhotic conditions and others.

Hepatoprotective medicinal plants/ herbs: Modern medicines are failed to cure the
liver diseases including infectious hepatitis, liver cirrhosis and hepatocellular carcinomas.
Herbs play a vital role in the management of many hepatic disorders (Qadir & Ahmad,
2017). A number of herbs, plant extracts and plant derived natural compounds have been
screened for liver management. The therapies based on nature are believed to be safer
and better than standard medical practice (Thompson et al., 2017).

During last four decades, more than 200 plant species have been screened for
hepatoprotective activity and most of them belong to Asteraceae and Fabaceae family
(Schuppan et al., 1999) (Table 2). According to World Health Organization (WHO)
approximately 80% population from developing countries are still rely on traditional
medicine for their primary health care (Ekor, 2014). The hepatoprotective activity of a
number of plants has been reported all over the world including Curcuma longa (Negi
et al., 2008; Salama et al., 2013), Aloe barbadensis Mill (Al-Shinnawy et al., 2014),
Carica papaya Linn (Mohammed et al., 2011), Cichorium intybus Linn (Butt et al.,
2012), Eclipta alba Hassk (Jahan et al., 2014) and Silybum marianum (Desai et al.,
2012). The work on hepatoprotection of Silybum marianum Linn (milk thistle) plant
started from 4 to 5 decades back against the intoxication with amanitin (Mengs et al.,
2012), thioacetamide (Das et al., 2012) and CCl, (Zamzami et al., 2019). Silymarin is a
flavolignane from Silybum marianum and in traditional medicine used for the remedy
of liver disorders and biliary tract disorders (Onalan et al., 2016). Since 1973 a number
of researchers worked on silymarin for its hepatoprotective activity (Schriewer et al.,
1973; Barberino et al., 1977; Ahmad & Sharafatullah, 2008; Madani et al., 2008; Negi
et al., 2008; Pushpavalli et al., 2010; Stagos et al., 2012; Vargas-Mendoza, et al., 2014;
Baradaran et al., 2019) and used it as a standard drug while assessing the
hepatoprotective role of any plant/seaweed extracts or compounds (Pushpavalli et al.,
2010; Chen et al., 2011; Desai et al., 2012).
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CONCLUSION

Management and cure of liver diseases (steotosis, fibrosis, chirohosis and
hepatocellular carcinoma) is considered as one of the serious health issue in both
advanced and under developed countris. Modern mdicine used for the treatment of liver
diseases have many side effects, with mild to severe toxicities including, vomiting,
fatigue, dry mouth, diarrhea, constipation, dizziness, suicidal thoughts, depression, coma,
anemia, hair loss, high blood sugar, swelling, confusion, fainting and death. Medical
treatments for acute and chronic liver diseases often damage other organs. The screening
of medicinal plants and seeking safer therapeutic drugs from natural sources is the area of
great interest. Substantial works are currently underway on plants and other natural
sources to discover effective medicines with no or less consequences.
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