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ABSTRACT:

Liver is one of the vital organs responsible for metabolism in the body. Liver performs various
functions including synthesis of clotting factors and other proteins, deactivation of harmful
chemicals and elimination of bile salts. Liver injury leads to formation of different diseases
like cirrhosis, fibrosis, hepatocellular carcinoma and fatty liver diseases. Chronic liver diseases
are associated with various risk factors leading to different pathological conditions. Early
diagnosis of the chronic liver disease is of utmost important for proper management of liver
diseases for limiting the progression diseases to a greater extent. Diagnosis of the liver disease
includes both invasive and non-invasive methods. Treatment and management of the liver
diseases includes both medication therapy and preventive measures. In this study, different
plants from Indian origin were studied for mitigation of liver diseases and different parts of
these plants are utilized for the hepatoprotective activity. This review work will help the
researchers to explore these plants for designing of new chemical compounds for the treatment
of various liver related disorders.

Introduction

The important health issue of liver malfunction or injury

Liver is one of the most vital organs present in the body.
It is vital for regulating different physiological functions.
It is also engaged in a number of essential processes,
including metabolism, secretion, and storage[1]. Bile,
which the liver manufactures and secretes, plays a crucial
function in digestion[2]. The liver is the biggest gland in
the human body which is located in the upper right part
of abdomen. Hepatocytes are liver cells that perform
important functions in the body such as protein and bile
synthesis, glycogen, vitamin, and iron storage, and toxic
chemical and drug metabolism. Drug metabolism is a
process detoxification in which a substance is chemically
changed to a lesser toxic form by an enzymatic
system.[3]
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presents difficulties for the pharmaceutical business,
medication regulatory organizations, and healthcare
practitioners[4]. Non-alcoholic fatty disease
(NAFLD) causes most of the liver disease in the world.
Acute or chronic hepatitis (inflammation), hepatosis
(non-inflammatory disease), and cirrhosis
(degenerative disorder resulting in liver fibrosis) are the
three types of liver ailments that continue to be an issue
for the world's health[5]. Numerous crucial innate and

liver

liver

adaptive (acquired) immune system functions are carried
out by the liver[6]. Viral hepatitis (hepatitis A, B, C, and
D), autoimmune liver disease (AIH, PBC), alcoholism,
non-alcoholic steatohepatitis (NASH), drug-induced
liver injury, liver tumour, non-alcoholic fatty liver
disease (NAFLD), liver transplantation, and liver
cirrhosis are among the different liver illnesses. NAFLD
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is a condition that primarily affects adults in their middle
to late years [7]. Prevalence, incidence, progression, and
consequences of NAFLD and NASH were calculated
worldwide[8].

The only treatment now available for terminal liver
failure is liver transplantation[9]. Regardless of the cause
of the liver illness, liver cirrhosis is the most important
risk factor for the generation of hepatocellular carcinoma
(HCO)[10]. Different liver damage mechanisms that
cause necroinflammation and fibrogenesis result in liver
cirrhosis[11]. Aging increases the prevalence of several
liver diseases, and older patients experience advanced
liver discase more frequently than younger patients.
NAFLD prevalence rates are estimated as 29% in the
USA, 15-20% in central America, 26% in Mexico and
28% in Belize and Barbados depemding on the
prevalence of obesity[12].

The management of human health is greatly influenced
by medicinal plants. According to WHO (1993),
traditional medicine, which is mostly based on plant
material, is used by about 80% population of the
world[5]. There are numerous medicinal plants found in
various regions of India that have been identified as

hepatoprotective medications and are frequently used to
treat liver problems. Numerous plants and polyherbal
preparations exhibit hepatoprotective properties; about
160 phytochemicals and other phytoconstituents have
been asserted to possess this property[13]. Medicinal
plants coontribute an important part in human health
care. Approximately 80% of the world's population relies
on plant based traditional medicine for the treatment.
Traditional medicine encompasses a variety of ancient
health care practises of natural origin such as folk/tribal
practises, Ayurveda, Siddha, Amchi, and Unani[14].

Liver diseases can be life threatening, carrying a serious
threat to global public health. As a result, there has been
a lot of interest in complementary and alternative
medicines for treating hepatic disorders. The utilization
of herbs as medicines to treat liver diseases has increased
worldwide, because of the widespread belief that they are
safe and free of serious side effects. Furthermore, they
are promptly available and easily obtained from
nature[15]. To develop a remarkable herbal agent to treat
various liver diseases, medicinal plants must be validated
for properties such as liver regeneration, antihepatotoxic
activity, and antiviral activity[16].

Table 1 Medicinal Plants containing hepatoprotective activities from Indian Origin

Sl. Biological Local name Family Part used Active constituent References
no name
1 Amaranthl_Js Tassel Amaranthaceae Whole plant Flavonoids, saponins, [17]
caudatus Linn flower glycosides
. . . Alkaloids,
2 An'SOCh'IL.JS Thick leaved Lamiaceae stems flavonoides, [18]
carnosus Linn lavender .
glycosides
Asparagus
3 racemosus Satawar Asparagaceae Roots Phenols, coumarins [19]
Linn
Azima Bee sting Flavonoides
4 tetracantha bush Salvadoracaceae Leaves Jtriterpenoides [20]
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Calotropis Terpinoids
5 rocerz Rubber bush | Asclepediaceae Root bark glycosides, [21]
P flavonoides
Cajanus . . . . .
6 cajan Linn Pigeon pea Leguminosae Pigeon pea leaf | Flavonoides ,stibenes [22]
Cajanus
7 | scarabaeoides | Pigeonpea Fabaceae Whole plant flavonoids [23]
Linn
Carissa Alkaloids, tannins,
8 carindas Linn Karandang Apocyanaceae Root steroids [24]
Clitoria Phenolic
9 ternatea Linn Butterfly pea Fabaceae Leaves flavonoides [25]
10 F_|c_us Sacred fig Moraceac Steam bark Gchomde,_stermds, [26]
religiosa tree tannins
11 C.O ceinia Kovai Cucurbitaceae leaves Glyc05|d_e, flavonoid, [27]
indica alkaloids, phenol
Wedelia Bhangra and Flavonoids,
12 chinensis pilabhangra Asteraceae Whole plant diterpenes, saponins [28]
13 Flgco_urtla Ramontchi Salicaceae Aerial part Fer_uhc aC|_d,_ caffglc [29]
indica acid, vanillic acid
14 Sllybum Milk thistle Asteraceae fruits S"'b”P'”' [30]
marianum flavonolignan
15 Matrlca_r 1a Chamomile Asteraceae flower Chamazulene, [31]
chamomilla bisabolol
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Coccinia Giycosides alkaloids,
16 . vy gourd Curcubitaceae fruits flavonoid, [32]
grandis .
terpenoides, phenol
Aegle . .
17 Bael Rutaceae fruits Imperatorin, psoralen [33]
marmelos
Cassia Hexacosanol, 1-
18 . Red cassia Fabaceae seeds octacosanol, palmitic [34]
roxburghii .
acid
Orthosiphan . Rosmarinic acid,
19 stamineus Java tea Lamiaceae Leaves sinensetin , eupatorin [35]
Benzyl aldehyde,
20 | Ficus carica | Common fig Moraceae Leaves benzyl alcohol, [36]
furanoid
Glycosides,
21 Lep!dlum Garden cress Brassicaceae Leaves fIaV(_Jn0|d§, [37]
sativum cardiotonic
glycosides
22 So_lanum kakahva Solanaceae Fruits Sola_m argine [38]
nigram ,solasonine solanine
23 A_marant_hus Edible Amaranthaceae Roots Sal!cyllc gmq, gal_llc [39]
tricolor linn. amaranth acid, syringic acid
24 LL.Jﬁa Akhuvishaka | Cucurbitaceae Fruits CU(_:urblta_cm, . [40]
echinata saponin, echinsatin
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25 chh_rostachys Sicklebush Mimoseae Leaves Flavon0|de_s , tannins, [41]
cinerea sterols, triterpenes
o Golden Rhein, triterpenes,
26 | Cassia fistula shower Fabaceae Leaf sugar [42]
o7 | Azadirachta Neem Meliaceae Leaf N[7]imbolinin , [43]
indica nimbin , nimbidin
Polygala Field Triglycerides, |-
28 arvensis milkwort Polygalaceae Leaves lactate dehydrogrnase [44]
29 | Acacia ctechu | Black cutch Fabaceae Seed /bark Catechin [45]
30 ACh'”?a Yarrow Asteraceae leaves Achilline [46]
millefolium
31 Adha_toda Malabar nut Acanthaceae Leaf Vasicine [47]
vasica
32 | Aloeindica Aloe vera Lilaceae Leaf Aloin [48]
33 Centella Gotu kola Apiaceae leaves Hydrocotyline [49]
asiatica P y y
34 C!chorlum Chicory Asteraceae Root/flower Sesquiterpene [50]
intybus lactones
35 C:’gﬁ;?a Turmeric Zingiberaceae Root Curcumin [51]
Fumaria . Monomethyl
36 indica Fumitory papaveraceae Whole plant fumarate [52]
37 E::Eglsla Vidanga Myrsinaceae fruits Embelin [53]
38 Glycyrrhiza Liquoeice Fabaceae Root Glycyrrhizin [54]
glabra
39 | Piper longum | Long pepper Piperaceae Root/stem Piperine [55]
40 Ocimum Tulsi Lamiaceae leaves Ursolic acid, eugenol [56]
sanctum
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Androaraphis Diterpenoids,
41 ograp Nees Acanthaceae Whole plant flavonoids and [57]
paniculata
polyphenols
42 Careya Wild guava Lecythidaceae Bark Flavon0|ds,_tann|ns, [58]
arborea alkaloids
43 | Eclipta alba False daisy Asteraceae Root Coumestan [59]
44 I\/_Io_rana Noni Rubiaceae Leaf Morindone [60]
citrifolia
45 Pteroca_lrpus Red sanders Fabaceae Heartwood,Bark Phenol alcohol,ethers, [61]
santalinus ketone
Phyllanthus Black — Tannic acid,
46 reticulates honey shrub phyllanthaceae Root terpenoids [62]
47 . Cleome_: Hurhur capparaceae Leaf Palm!tlc aC|_d, stgarlc [63]
viscose Linn acid, oleic acid
48 Phyllanthus Carry Phyllanthaceae Leaf Phyl_lanth_m, [64]
amarus corillagin
49 Phyllar)thus Indian goose Phyllanthaceae Fruits .Trlaconta_nol,. [65]
emblica berry triacontanoic acid
Androaraohis Diterpenoids,
50 I grap Waterwillow Acanthaceae Leaf flavonoids, [66]
ineata
polyphenols
51 Tmospora Guduchi Menspermaceae Leaf Giloin, gilenin [67]
cordifola
52 W'th‘?m'a Aswagandha Solanaceae Leaf Withaferin [68]
somnifera
Sida L
53 o Bala Malvaceae Root Fumaric acid [69]
cordifolia
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54 Tamgrlx Manna plant tamaricaceae Leaves Tannin [70]
gallica
55 Terminalia Chebulic Combretaceae Fruit Glycoside, tannin [71]
chebula myrobalan
56 Sllybum Milk thistle Asteraceae Seed Silymarin [72]
marianum
57 Picrorhiza Picrorhiza Plantaginaceae Root Plcr05|dfe , d- [73]
kurroa mannitol
58 Er_nt_Jllca_\ Indian Phyllanthaceae Eruit GaII_lc acid, tascorblc [74]
officinalis gooseberry acid, ellagic acid
59 Sv_vert!a Chirata Gentianaceae Plant Glycoside, phenols [75]
chirayita
Tecomella . .
60 undulata Desert teak Bignoniaceae Stem bark Lapachol [76]
61 Targx_acum Dandelion Asteraceae Leaves Taraxasterol [77]
officinale
62 ercus Saffron Iridaceae Flower Crocin, safranal [78]
sativus
Urtica . Fatty acids, alkaloids,
63 parviflora Nettle Urticaceae Leaves terpenoids [79]
64 Wood_fordla Fire flame Lythraceae Flower Tannins, fla\_/on0|des, [80]
fruticosa bush glycosides
65 N_ardostacys Jatamansi Valerianceae Rhizomes . Jatamans_one,. [81]
jatamansi jatamanshic acid
66 Hedychmm Kapur kachri | Zingiberaceae Rhizomes Alp_ha— pinene, [82]
spicatum limonene
67 Cinnamomum Cinnamon Lauraceae Bark Cinnamaldehyde, [83]
verum eugenol
68 Be_r beris Daruhaldhi Berberidaceae Leaves Berberine [84]
aristata

1773



http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2024) 14(4), 1767-1783 | ISSN:2251-6727

Nerium Alkaloids,
69 . Oleander Apocynaceae Flower flavonoids, tannins, [85]
oleander Linn .
glycosides
Camellia Epigallocatechin
70 sinensis Tea Theaceae Leaves galate [86]

DIAGNOSIS OF LIVER DISEASES

Due to high risk of likelihood of advanced liver diseases
and condition like hepatocellular carcinoma, there is
urgent need of early detection of liver disease at a stage
of effective therapeutic intervention. Involvement of
surveillance by regular screening of individuals
possessing higher risk of development of liver
diseases[87]. Various diagnostic techniques were
developed to access an early and reliable detection for
liver diseases. These techniques includes both invasive
and non-invasive procedures[88]. Figure 1 demonstrated
different diagnostic methods for liver diseases.

Liver biopsy: Biopsy is an useful in the diagnostic tool
for individuals with abnormal liver tests with unknown
causes or patients with a specific liver condition has been
suspected but confirmation is not done. Examples
include patients suffering from genetic ailments such as
Niemann-Pick disease, Wilson disease, a-1-antitrypsin
disease, glycogen storage diseases, tyrosinemia,
amyloidosis, glycogen storage diseases, etc[89].

Laparoscopy: Gastroenterologists frequently use the
antiquated laparoscopy procedure. It is safe and
comfortable to perform on patients under sedation and
local anesthesia[90]. Laparoscopy is a minimally
invasive treatment that allows for the visualization of the
inside components of any organ. During the procedure, a
gas-filled peritoneal cavity is initially created, and the
contents are then inspected using a hard telescope
(laparoscope) that is introduced via a hole in the organ's
wall. After positioning the telescope, it is possible to
perform different surgical or diagnostic procedures by
inserting different surgical instruments, like biopsy
forceps, into adjacent apertures[91].

HVPG measurement: The hepatic venous pressure
gradient (HVPG) is the best way to measure portal
hypertension in liver sickness, and testing for HVPG in
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cirrhotic patients provides independent predictive data
on survival and decompensation risk. Measuring HVPG
is also useful in evaluating persons with compensated
chronic liver disease or hepatocarcinoma for the risk of
liver failure and death following liver resection. The
most likely to benefit from treatment patients with portal
hypertension can be identified based on their HVPG
response to pharmaceutical therapy[92].

Endoscopy: Endoscopy should be made available to
those who meet the appropriate criteria since it can be
utilized for variceal screening and therapy, as well as for
the diagnosis of previously undiagnosed liver illnesses.
People suffering from liver illness can be difficult to
sedate, and as more patients have liver transplants and
new endoscopic model like capsule endoscopy and
endoscopic ultrasound (EUS) are developed, the
difficulty of endoscopy in liver disease continues to
increase[93].

Imaging techniques: Hepatic ultrasonography and
magnetic resonance imaging (MRI) are popularly being
used for the authentication, characterization, and
evaluation of the response to treatment of focal and
diffuse liver diseases. Even now, ultrasonography is the
first choice of examination[94]. Imaging methods have
developed to a high degree of precision and
sophistication when a patient is being assessed for a
possible liver issue[95].

Serum Markers: Hepatic fibrosis serum markers might
be either direct or indirect indicators. Indirect markers,
such as transaminases, coagulation factors, and platelet
count, indicates the condition liver normal function.
Direct indicators of fibrosis represent the turnover of
extracellular matrix. Procollagen | C terminal,
procollagen 111 N terminal, tenascin, tumour growth
factor, and tissue inhibitor of metalloproteinases are all
markers of matrix deposition. Procollagen 1V C peptide,
procollagen IV N  peptide, collagen 1V,
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hydroxylysypyridinoline, urine desmosine, and Undulin,
matrix metalloproteinases are all indications of matrix
clearance[96].

Artificial Intelligence (Al): Machine Learning
Algorithm (MLA) can be utilized for estimation HVPG
with significant accuracy. Artificial neural networks

(ANN) designed on platelet count, portal vein diameter
and spleen width determine the presence of esophageal
varices with marked accuracy, specificity and
sensitivity[97]. The use of Al based prediction model for
the analysis prognosis of liver diseases can be helpful to
a larger extent and provide an additional source for the
diagnosis of disease for the healthcare professionals[98].

Diagnosts for liver diseases

Invasive Methods

—  Liver Biopsy
— Laparoscopy

-» HVPG Measurement

L» Endoscopy

Non-Invasive

Imaging techniques
Liver Stiffness Artificial

Intelligence

Serum Marker

¥

Direct Indirect

Figure 1. Different diagnostic methods for liver diseases

TREATMENT:HEPATOPROTECTIVE ACTIVITY

There are limited treatment alternatives for common liver
conditions like cirrhosis, fatty liver, and chronic
hepatitis. Treatments like interferon, colchicine,
corticosteroids, and penicillamine have a different rate of
success and a higher possibilities of side effects[99]. To
prevent liver fibrosis and subsequent deterioration of
hepatic features, specific treatment is needed. It entails
eliminating the underlying causes of the illness[100].
Figure 2 illustrates the different treatment protocol for
management of liver diseases.

Lifestyle modification

Nutritional changes focused at caloric restriction and
weight loss, macronutrient shift, and body interest are
subcategories of lifestyle modification. The two main
types of physical interest are aerobic and resistive[101].
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It comprised of food, exercise, and weight loss has been
promoted to treat individuals with NAFLD[102].

Exercise and physical activity

Resistance training causes muscle damage, regeneration,
and protein synthesis resulting in an increase in skeletal
muscle tissues[103]. Exercise increases motivational
capacity but may not necessarily stop sarcopenia.
Resistance and patience exercises have the ability to
increase muscular mass and functional capacity[104].

Ammonia lowering strategies

Non-absorbable disaccharides and antibiotics that stop
ammonia from building up in the gut are two current
methods for lowering ammonia[105]. Reversal of the
hepatic encephalopathy and a reduction in blood
ammonia levels are the main outcomes of such therapy.
However, it is widely acknowledged that blood ammonia
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levels do not necessarily correlate with the extent of
hepatic  encephalopathy, the most researched
response[106]. Use of mobile permeable esters of 2-
ketoglutarate (KG), which can offer an immediate
anaplerotic inflow with elimination of ammonia as
glutamine, is one of the new and effective ways to lower
muscle ammonia. However, breakdown of glutamine
will subsequently become constrained, and protection of
skeletal muscle will depend on long-term disposal of
ammonia. Because they can prevent formation of one
mole of ammonia for each mole of amino acid, isoleucine
and valine were recommended as anaplerotic substrates.
However, the molecular and practical reaction to these
interference have not yet been assessed in preclinical or
scientific investigations to reduce ammonia or counteract
sarcopenia[ 104].

Omega-3-polyunsaturated fatty acid (PUFA)
supplementation

Supplementation with Omega-3-polyunsaturated fatty
acid (PUFA) improves the live fat, Insulin resistance,
triglycerides, alanine transaminase (ALT), aspartate
transaminase (AST), y-glutamyl transferase, and Glucose
in patients suffering from NAFLD. Reduction in liver fat
and these enzymes suggest that supplementation with ®-
3-polyunsaturated fatty acid can improve the liver health.
-3-polyunsaturated fatty acid also improves the total
cholesterol, High density lipoprotein including Body
Mass Index[107], [108].

Exercise and
Physical
activity

Coffee intake

Twenty years ago, it was shown that drinking coffee
decreased the risk of developing liver disease in cirrhotic
alcoholic patients. Amount of the liver enzymes like
alanine transaminase (ALT), aspartate transaminase
(AST), and y-glutamyltransferase have been found to be
inversely  correlated  with  increasing  coffee
consumption[109].

Liver transplantation

After the host liver has been removed, the liver can be
transplanted as an additional (auxiliary) organ either at
the orthotopic site or at the ectopic site. The diseased
organ is removed during an orthotopic liver transplant
and replaced with a cadaveric liver as anatomically
normal as feasible[110]. For the replacement of a
markedly damaged liver in patients with less recovery
chances from acute paediatric liver failure (PALF), liver
transplantation (LT) is the best alternative option of
therapy. But this is complicated by the effects of
protracted immunosuppressive reaction. Another method
of transplantation, Auxiliary partial liver orthotopic
transplantation (APOLT), which provides a graft that
ensures the normal function of liver until the regeneration
of the native liver takes, it has emerged as a potential
better technique possible progression to
immunosuppression withdrawal[111].

Treatment

Ammonia lowering for
hepatic encephalopathy

Omega-3 PUFA
supplementation

Figure 2. Treatment for liver diseases
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CONCLUSION

Acute and Chronic liver diseases are prevailing in the
world concerning the global health issues and reducing
the quality of life in mass population. Various liver
diseases like hepatocellular carcinoma, cirrhosis, viral
hepatitis, non-alcoholic steatohepatitis, non-alcoholic
fatty liver disease are required to be treated promptly as
liver is an important organ of metabolic importance.
Therefore, early detection of these diseases is prime
action in treatment and management of the diseases for
reduction in the severity. The diagnosis of liver disease
includes both invasive and non-invasive methods. Non-
invasive methods are more convenient and widely used
by the physicians. Treatment of liver diseases employs
various drugs and also some preventive therapies.
Artificial Intelligence based diagnosis is also useful for
detection as well as management of liver disease
prognosis. However, standardization of the method of
diagnosis is necessary for the wuse of artificial
intelligence. Plants were also explored for their
hepatoprotective activities. Different parts of the plants
are utilized in various studies suggest that plant-based
formulation can be used for treatment of liver diseases.
Phytochemicals present in plant are mainly responsible
for hepatoprotective activity. This review work will help
to provide insights of knowledge regarding utilization of
different plants parts (Table 1.) for mitigation of liver
diseases and also provide an overview on diagnostic
methods and management of the liver related ailments.
Early diagnosis of liver diseases and management of
diseases with the help of medication therapy or plant
derived compounds will reduce the burden of the disease
in the global prospect.
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