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Abstract

Chronic liver disease is the foremost cause of morbidity, accounting for
2.2 percent of death. In recent years, excessive attention has been focused
on using natural antioxidants as they have the potential to minimize oxida-
tive stress in cells and thus help treat various ailments. Some scientists
estimate that two-thirds of plant species have medical applications, and
many of these have significant antioxidant potential. Polyherbal formula-
tions (PHFs) have shown therapeutic promise in the treatment of several
acute and chronic conditions, including diabetes, wound care, hyperten-
sion, cardiovascular disorders, anxiety, neurological imbalances, and disor-
ders of the gastrointestinal, respiratory, and endocrine systems. This article
reviews the antioxidant potential of the various PHFs developed to treat
hepatic disorders during the past ten years. After preliminary screening, 53
abstracts based on the PHFs selected for hepatoprotection were retrieved
from several bibliographical databases. This review provides insight and
indicates the gaps presented in the case of PHFs. To conclude, PHFs can
activate several physiological processes that quicken the process. Clinical
trials should be conducted to further examine these PHFs, and production
upscaling will help to open up new markets for PHFs.

Keywords

antioxidants; 2,2-diphenyl-1-picrylhydrazyl; hepatoprotective; liver disease;
polyherbal formulation

Introduction

The liver plays a vital role in sustaining numerous physiological processes in
the body. It is involved in several functions, such as metabolism, secretion,
and storage (1). It regulates the detoxification and excretion of various
exogenous and endogenous metabolites. Furthermore, any injuries or
damage to the liver showcase the deteriorating health of a person. As per a
report, around 2 million people globally die because of liver disease each
year (2).

Alternative and complementary systems such as the Indian tradition-
al system, popularly known as the Ayurvedic system, and European and
Chinese alternative systems are known to be popular healing systems for
locals. Since the beginning of time, plants have been utilized as the main-
stay of medicine. Hepatoprotective medications have a substantial source
in medicinal plants. Some liver ailments have reportedly been treated with
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more than 700 mono- and polyherbal medicines in the
form of decoctions, tinctures, and pills. It has been assert-
ed that numerous plants and preparations exhibit hepato-
protective properties. It is said that a total of 160 active
components from 101 plants have post-liver protective
properties. 33 patented multi-ingredient plant composi-
tions with propitiatory properties contain about 87 plants
from India. Despite the enormous progress made, there
are no significant and secure hepatoprotective drugs avail-
able in contemporary medicine. As a result, the develop-
ment of mostly plant-based hepatoprotective drugs that
are effective against a variety of liver illnesses has received
significant attention on a global scale (3).

Polyherbal formulations (PHFs), which have a wide
range of indications against numerous illnesses, are
affordable and have fewer side effects are created by com-
bining several possible herbs in diverse ratios (4). Approxi-
mately 600 PHFs are advertised as liver protectors on the
commercial market worldwide (5). Since the vast majority
of new polyherbal combinations are not scientifically
tested for effectiveness, safety, and health concerns are
also growing as they enter the market (6, 7). Oxidative
stress, or oxidative damage, has a role in the
pathophysiology of several chronic liver disease pheno-
types, including alcoholic liver disease (ALD), non-
alcoholic fatty liver disease (NAFLD) (8), drug-induced liver
injury (DILI), and fibrosis (9).

An imbalance between the generation of free
radicals (FR) and the antioxidant defenses is referred to as
oxidative stress (10). FR are atoms or/and molecules
having one or more unpaired and unstable electrons (e).
FR is understood to be highly reactive. While reducing, an
Oxygen (O) molecule can generate a reactive oxygen
species (ROS) while interacting with transition metals (11).
As a result, comparing the antioxidant activity of different
PHFs may indicate an antioxidant-rich formulation for
treating liver problems (12). To substantiate the therapeu-
tic claims made by the hepatoprotective PHFs formed in
the previous ten years, the current study seeks to describe

Table 1. Total phenolic and flavonoid content of different hepatoprotective PHFs

the multiple in-vitro antioxidant scientific methodologies
used in this regard during 2013-2023.

Methodology

Inclusion and exclusion criteria for the PHFs having
hepatoprotective potential

The review is significant of the in-depth literature explora-
tion in various bibliographic databases such as PubMed,
Scopus, Google Scholar, etc. with the various keywords
“Polyherbal formulations”, “Hepatoprotective”, “liver
diseases”, and “antioxidant activity” done as per the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses PRISMA guidelines (13). A total of 122 arti-
cles were retrieved during the search, however, only 53
relevant papers published in English and having full text
were considered to extract the desired information (14,
15). Of which only 154 articles were found inside the
inclusion criteria.

Out of the 174 PHFs included in the study, India has
contributed the most (n=107), followed by Sri Lanka (2),
Korea (22), Taiwan (1), Iran (1), and Pakistan (1) in the past
ten years. The year 2015 saw the greatest increase in PHF
development. Boerhawvia diffusa (n=4) and Picrorrhiza kur-
roa (n=4) were the two plant constituents that were em-
ployed the most frequently.

Results

Table 1 enlists the major phytochemicals, such as phenol-
ic and flavonoid content of different hepatoprotective
PHFs which are largely responsible for the antioxidant ac-
tivity. Table 2 indicates the antioxidant activity of different
hepatoprotective PHFs evaluated using different test
methods. 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging assay was the most common method to evalu-
ate the antioxidant potential of the hepatoprotective
PHFs.

Name of Total Phe- T::LFCI::‘I?- Pharmaco-
Slno PHF name the coun-  Composition Extract Method nolic con- . References
tents (mg/ logicaluses
try tents (mg/g)
g)
Cassia fistula, Glycyrrhiza Ethanol 327.0749.65  224.6+8.42
glabra, Coscinium Anti-
1. PHAF SriLanka  fenestratum, Cyperus inflammato- (34)
rotundus, Curcuma longa, A 103,654 4.94 6.6+ 5.83 ry
Azadirachta indica, and queous R e
Andrographis paniculata,
Eclipta alba, Phyllanthus
amarus, Phyllanthus
emblica, Terminalia
chebula, Terminalia
LINK LIVEC- . bellirica, Tinospora
2 ARE™ Srilanka cordifolia, Curcuma longa, Aqueous 1050/7g (35)

Glycyrrhiza glabra,
Boerhavia diffusa, Osbeckia
octandra. Tephrosia
purpurea, Piper longum and
Vernonia cinerea
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10.

11

F1 Korea

F2 Korea

L52 India

L38 India

LST-02 India
KGA Pakistan

Liv-pro-08 India

Nannari Mathi-

. India
rai

Qurs-e-Vard Iran

Hovenia dulcis, Oryza sativa
and Glycine max

Hovenia dulcis, Oryza sativa Fermented
and Glycine max extract

with powder of Hovenia

dulcis

Capparis spinosa, Cichorium
intybus, Solanum nigrum,
Terminalia arjuna, Cassia
occidentalis, Achillea mille-
folium, Tamarix gallica, and
Mandur Bhasma

Ethanol

Aqueous

Phyllanthus niruri, Eclipta
alba,

Picrorhiza kurroa, Tinospora Ethanol
cordifolia, Andrographis

paniculata, Solanum

Nigrum, Boerhaavia diffusa,

Terminalia. Arjuna, and

Berberis aristata Aqueous

Tinospora cordifolia,
Phyllanthus amarus,
Emblica officinalis,
Terminalia chebula,
Terminalia bellerica,
Azadirachta indica,
Adhatoda vasica, Picrorhiza
kurroa, Swertia chirata, and
Boerhaavia diffusa

Hydroethanolic

Borago officinalis,

Coriandrum sativum,

Bombyx mori, Salvia

haematodes, Centaurea

behen, Santalum album,

Melissa parviflora,

Lallemantia royleana, Aqueous metha-
Ocimum gratissimum, nol
Lavandula stoechas,

Cheiranthus cheiri, Mathiola

incana, Ambra grasea,

Delphinium denudatum,

Paeonia emodi, and

Pandanus tectorius

Nigella sativa (Seed), En-

tada pursaetha (Seed), and Aqueous
Ficus glomerata (Fruit)

Hemidesmus indicus,

Cuminum cyminum,

Elettaria cardamomum, Aqueous

Foeniculum vulgare, and
Sesbania grandiflora

Rosa damascene, Rhus Hydroalcoholic

coriaria, and Glycyrrhiza
glabra

Aqueous

7.30+£0.01 - -
7.73+£0.01 - -
5.65+0.17

1.22+0.021
3.16£0.09

0.645+0.161

47.9+0.14 - -
27.4+0.2% 36.8 £0.2%. -

Reduces
13.16 £0.31 19.71+£0.91 NAFLD
0.034 0.1720 Antimicrobial

376+£0.93 36.27 £0.98

297.6+£0.96 17.79+0.86
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Acetone fraction

+
(B. Monospera 452+1.6
Ethyl acetate
+
(B. variegata) 12424
n-butanol
fractions (B. 442.5+1.1
Butea monosperma, Bauhinia variegata)
12. PHF tablet India variegata, and Ocimum - (28)
gratissimum Dichloromethane 735421
(O. gratissimum) -
Ethyl acetate
fractions (0. 1365+ 1.4
gratissimum)
Quercetin &sti- 13155575
mation of PHF me/ spot
tablet &/ sp
Artemisia capillaris, Lonicera
13. AEF Taiwan Japonica, and Silybum maria- Aqueous 52.6 9.6 - (42)
num
Anti-
: ) Achillea millefolium, Cichorium : inflammato-
14. LivPro India intybus, and Picrorhiza kurroa Ethanolic 396 480 ry Anti-HCV (43,44)
agent
Mechanistic perspective of hepatoprotection using poly- herbal formulations
Table 2. In vitro antioxidant activity of different hepatoprotective PHFs
Sno PHF Name of the Composition Solvent use In vitro antioxidant activity =~ References
name country
DPPH assay
+
Ethanol 227..17 +6.16 mg Trolox
equivalents/g of extract
DPPH assay
Aqueous 79.50 + 4.42 mg Trolox equiv-
alents/g of extract
ORAC assay
fass:f fl?tula,CGlycyrrhlz;J gl;braé Coscmlu[m Ethanol 1481.44 + 30.20 mg Trolox
L PHAE SriLanka enestratum, Cyperus rotundus, Curcuma longa, equivalents/g of extract (34)
Azadirachta indica, and Stereospermum
suaveolens ORAC assay
Aqueous 481.11 + 17.30 mg Trolox
equivalents/g of extract
ABTS assay
Ethanol 577.08 + 5.48 mg Trolox
equivalents/g of extract
ABTS assay
Aqueous 198.20 + 4.55 mg Trolox
equivalents/g of extract
Andrographis paniculata, Eclipta alba, Aqueous DPPH assay
Link Phyllanthus amarus, Phyllanthus emblica, o 1Cs0 =50
) . Terminalia chebula, Terminalia bellirica, Gallic acid DPPH assay
2. Livec- SriLanka . g . (35)
are™ Tinospora cordifolia, Curcuma longa, Glycyrrhiza
glabra, Boerhavia diffusa, Osbekia octandra. o DPPH assay
Tephrosia purpurea, Piper longum, and Vernonia Gallic acid ICs=5
Tinospora cordifolia, Phyllanthus amarus, Emblica
icinali inali inali DPPH assay
3 LST-02 \ndia officinalis, Terminalia chebula, Terminalia Hydroethanolic (38)

bellerica, Azadirachta indica, Adhatoda vasica,
Picrorhiza kurroa, Swertia chirata, and
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Methanolic DPPH assay

Salvia haematodes, Centaurea behen, Santalum

album, Melissa parviflora, Lallemantia royleana,
Ocimum gratissimum, Lavandula stoechas, (39)

4. KGA Pakistan

extract 1C50-60.8

Cheiranthus cheiri, Matthiola incana, Ambra grasea, Ascorbic acid DPPH assay
Delphinium denudatum, Paeonia emodi, and ICs0-64.7
Pandanus tectorius
Andrographis paniculata, Phyllanthus niruri, Boerhaa- DPPH assay
via diffusa, Amoora rohituka, Cichorium intybus, Aqueous
5 Livomvn India Adhatoda vasica, Eclipta alba, Zingiber officinale, ICs0-61.42 (45)
: y Berberis aristata, Fumaria officinalis, Embellia ribes, DPPH assay
Tephrosia purpurea, Tinospora cordifolia, Coriandrum Ascorbic acid
sativum, Aloe barbadensis, and Picrorhiza kurroa ICs0-63.62
Liv-pro- . Nigella sativa (Seed), Entada pursaetha (Seed), and
6. 08 India Ficus glomerata (Fruit) Aqueous DPPH assay (40)
Nannari Hemidesmus indicus, Cuminum cyminum, Elettaria Aqueous DP;ZH ;ijvert]gz'g Og acthllty
7. Mathirai India cardamomum, Foeniculum vulgare, and Sesbania DI(DPH 0)a . ug{ m't (41)
grandiflora Ascorbic acid scavenging activity
(96.15%) at 200 pg/ml
cal . G | L . Aque:nucf“Teth— DPPH assay
8. PHF India Cal otrppls procera, Gymnema sylvestre, and Lawsonia (26)
inermis
Ascorbic acid DPPH assay
Hydro- DPPH assay:
methanolic ECso=25 pg/ml
. X L DPPH assay:
9. PHF India Plumeria rubra, and Murraya koenigii Aqueous (46)
ECso=28.32 pg/ml
DPPH assay:
Ascorbic acid
ECso=3.37 pg/ml
Hydro-alcoholic DPPH assay:
Aqueous DPPH assay: 27
Quercetin DPPH assay:
10. Qurs-e- ran Rosa damascene, Rhus coriaria, and Glycyrrhiza Hydro-alcoholic Nitric Oxide assays:
Vard glabra
Aqueous Nitric Oxide assays:
Quercetin Nitric Oxide assays:
Hydroalcoholic FRAP assay: 255.24+3.45
Aqueous FRAP assay: 134.57+3.45
Quercetin FRAP assay: 16.11+0.45
1 AEF Taiwan Artemls:a capillaris, Lonicera japonica, and Silybum Aqueous DPPH scavenging activity = (42)
marianum

84.1%

The mechanistic perspective of hepatoprotection using
PHFs necessitates a comprehensive understanding of the
distinct molecular and cellular pathways through which
these herbal blends exert their safeguarding effects on the
liver. Most plant-based hepatoprotective formulas (PHFs)
are made up of different plant-based ingredients, each of
which has bioactive components that work together to
protect the liver (16). The following are some pivotal
mechanisms that may play a role:

Antioxidant activity

Numerous PHFs incorporate antioxidant-rich herbs,
including flavonoids, polyphenols, and other phytochemi-
cals. These compounds assist in counteracting detrimental
free radicals and reactive oxygen species (ROS), which can
inflict harm on liver cells and trigger inflammatory
responses (1, 17). By becoming oxidized themselves, anti-
oxidants are preventative chemicals that are essential for

preventing oxidative harm brought on by reactive oxygen
species (ROS) (5, 18-20). Natural antioxidants have attract-
ed more attention in recent years, and the literature indi-
cates clearly that they can replace synthetic antioxidants
for some positive reasons. Most studies on natural antioxi-
dants concentrate on phenolic chemicals, especially flavo-
noids such as Curcumin, as potential sources of these
molecules (1, 21, 22). To produce a composition that is
both effective and balanced, it is crucial to carefully
analyze the antioxidant profiles of each herb. Nearly all
experts in the current study collected and evaluated the
total phenolic and flavonoid content utilizing aqueous
methods. The DPPH scavenging activity was used to deter-
mine the antioxidant activity, making it the most popular
and trustworthy method. As benchmarks, various synthet-
ic and natural antioxidants were utilized, including
ascorbic acid, gallic acid, quercetin, and trolox. To make
an overall estimation of the antioxidant potential of PHFs,
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the activity of different solvents has been attempted by
several researchers.

PHFs mix a variety of herbs or plant extracts to pro-
vide a synergistic result that may improve the medicinal
effects of each component (17, 18). In general, the discus-
sion over polyherbal ABTS compositions should cover
both the possible advantages and drawbacks of using
them as antioxidants. It is crucial to approach the subject
with a critical perspective, taking into account the existing
scientific evidence and the environment in which the for-
mulation would be utilized, just like with any herbal treat-
ment or medicinal product. In the ABTS method, the blue-
green chromophore 2,2 -Azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid (ABTS+) is treated with an antioxidant to
measure the colour loss that results. The antioxidant de-
colorizes and transforms ABTS+ to ABTS (23). The hepato-
protective ability of the polyherbal mixture can be
completely determined by combining various antioxidant
assays. Overall, the available research supports the inves-
tigation of polyherbal formulations as an additional
strategy for treating oxidative stress-related illnesses and
enhancing general health and well-being.

Anti-Inflammatory effects

PHFs contain metabolites like phenols that impede
pro-inflammatory pathways and cytokines. By reducing
liver inflammation, these blends can provide safeguards
for hepatocytes (liver cells) against potential harm (1, 24).
Some flavonoids, such as flavonols (quercetin and rutin),
flavanones (hesperidin), flavanols (catechin), and anthocy-
anins (e.g. cyanidin) have been demonstrated for their
anti-inflammatory ability (25).

Detoxification support

Certain herbs in polyherbal mixtures may help the liver's
natural detoxification processes by making detoxifying
enzymes work better and making it easier for the body to
get rid of toxins (1, 26).

Stimulation of liver regeneration

A portion of the polyherbal mixtures has the potential to
promote the growth and division of hepatocytes, poten-
tially facilitating the regeneration of liver tissue. This
mechanism could contribute to the repair of damage
caused by various factors, such as toxins or infections (1,
27).

Modulation of cellular signaling

Polyherbal compounds such as flavonoids and terpenoids
have the potential to engage with diverse cellular signaling
pathways, including those responsible for apoptosis
(programmed cell death), cell survival, and proliferation.
By modulating these pathways, polyherbs can contribute
to the enhancement of liver cell well-being (1, 28). Chen
et al. (29) indicated that catalpol, a terpenoid, can
effectively inhibit the progression of liver disease, and
effectively prevent fatty liver by inhibiting inflammation
and increasing lipid metabolism.

Anti-fibrotic effects

Excessive accumulation of collagen characterizes liver
fibrosis, which can result in cirrhosis and compromised
liver function. OS contributes to fibrogenesis, a mecha-
nism often connected to the repair system of a body, by
upregulating harmful cytokines such as transforming
growth factor-B (TGF-B), interleukin-6 (IL-6), and tumor
necrosis factor a (TNF-a) (30). In addition, TGF-B also leads
to ROS production in endothelial and epithelial cells
followed by other liver cells such as epithelial cells, and
fibroblasts (9). Ingredients within PHFs might possess the
ability to impede fibrosis by diminishing collagen synthesis
and facilitating its breakdown (24).

Immunomodulation

An array of PHFs might affect the immune response within
the liver, aiding in the modulation of immune cells and
preventing liver damage caused by immune activity (31).

Cholesterol regulation

The constituents of PHFs may contribute to the regulation
of blood cholesterol levels and prevention of fat build-up
in the liver, thereby decreasing the likelihood of develop-
ing non-alcoholic fatty liver disease (32).

Gut-liver axis modulation

Polyherbal formulations have the potential to affect the
gut microbiota and vital gut-liver axis, which hold signifi-
cant importance in upholding liver well-being. Polyherbals
can indirectly provide safeguarding effects to the liver by
promoting a harmonious gut microbiome (33).

It is crucial to recognize that the specific mecha-
nisms of liver protection may differ based on the unique
herbs and compounds contained in the polyherbal blend.
Furthermore, additional research is required to compre-
hensively understand the mechanisms underlying the
hepatoprotective benefits of polyherbal medicines and to
ascertain their efficacy and safety in various situations.

Conclusion

In this review, we included various PHFs that were created
to safeguard the livers and whose antioxidant activity has
been tested. The authors documented several PHFs due to
the paucity of scientific validations and the rising number
of formulations. Such information revealing their mecha-
nistic method or synergistic system is not readily available.
The documented studies were merely pointing out that
phenolics and flavonoids, which not only shield cells but
also have antioxidant activity, may be responsible for
PHFs' protective impact against hepatic damage. There-
fore, it can be concluded that PHFs' ability to act as anti-
oxidants themselves in neutralizing harmful metabolites
may account for their hepatoprotective properties.
Interestingly, none or very little information on these PHFs
was discovered. The quality and reproducibility of formu-
lations are not standardised. Although most herbal
compounds are thought to be safe, some plants may inter-
act or have negative/allergic effects when mixed. Studies
conducted in the preclinical and clinical stages may offer
novel insights into the safety profile of these formulations.
In vivo, investigations are necessary to fully comprehend
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the potential of the PHFs. Before considering their use in
clinical settings or as dietary supplements, nevertheless
scientific standardization, and safety evaluations are
required. To determine the effectiveness of these PHFs to
treat hepatic illnesses, investigations on the separation,
purification, and characterization of the phytochemicals as
well as in vivo experiments must be the need of hour and
carried out.

Acknowledgements

Banjai Mochahary is grateful to the Ministry of Tribal
Affairs, Government of India, and the University Grant
Commission, Government of India, for providing the
National Fellowship for Higher Education of ST.

Authors contributions

AKG conceptualized the study. BM, SKM, TU, and BNN
performed the literature search, analyzed the data,
created a table, and wrote the first draft of the manuscript.
AKG and TU performed the English editing and revision
along with others. All the authors approved the manu-
script for final submission.

Compliance with ethical standards

Conflict of interest: Authors do not have any conflict of
interest to declare.

Ethical issues: None.

References

1. Boro H, Usha T, Babu D, Chandana P, Goyal AK, Ekambaram H,
Yusufoglu HS, Das S, Middha SK. Hepatoprotective activity of
the ethanolic extract of Morus indica roots from Indian Bodo
tribes. SN Appl Sci. 2022; 4:1-4. https://doi.org/10.1007/s42452-
021-04859-z

2. Asrani SK, Devarbhavi H, Eaton J, Kamath PS. Burden of liver
diseases in the world. J Hepatol. 2019; 70:151-71. https://
doi.org/10.1016/j.jhep.2018.09.014

3. Casas-Grajales S, Muriel P. Antioxidants in liver health. World J
Gastrointest Pharmacol Ther. 2015; 6:59-72. https://
doi.org/10.4292/wjgpt.v6.i3.59

4. Brahma S, Goyal AK, Dhamodhar P, Kumari MR, Jayashree S,
Usha T, Middha SK. Can Polyherbal Medicine be used for the
Treatment of Diabetes?-A Review of Historical Classics, Re-
search Evidence and Current Prevention Programs. Curr Diabe-
tes Rev. 2023. https://
doi.org/10.2174/1573399819666230314093721

5. Bera TK, Chatterjee K, De D, Ali KM, Jana K, Maiti S, Ghosh D.
Hepatoprotective activity of Livshis, a polyherbal formulation in
CCl4-induced hepatotoxic male Wistar rats: a toxicity screening
approach. Genom Med, Biomark, Health Sci. 2011;3:103-10.
https://doi.org/10.1016/j.gmbhs.2012.03.001

6. Teschke R, Eickhoff A. Herbal hepatotoxicity in traditional and
modern medicine: actual key issues and new encouraging steps.
Front Pharmacol. 2015;6:72. https://doi.org/10.3389/
fphar.2015.00072

7. Mochahary B, Brahma S, Kalita M, Goyal AK. Characterization of
indigenous plants for herbal formulations preparation based on

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

186

pharmacognostic and physiochemical data. Plant Sci Today.
2022; 9:8-17. https://doi.org/10.14719/pst.1709

Chachay et al. Resveratrol does not benefit patients with nonal-
coholic fatty liver disease. Clin Gastroenterol Hepatol. 2014;
12:2092-103.e1-6.

Muriel P, Arauz J. Coffee, and liver health. In: Chu Y, editor.
Coffee emerging health effects and disease prevention. West
Sussex, UK: IFT Press/Wiley-Blackwell; 2012. pp. 123-39.

Yoshikawa T, Naito Y. What is oxidative stress? Japan Med Assoc
J.2002; 45:271-76.

Ball JC, Straccia AM, Young WC, Aust AE. The formation of reac-
tive oxygen species catalyzed by neutral, aqueous extracts of
NIST ambient particulate matter and diesel engine particles. J
Air Waste Manag Assoc. 2000; 50:1897-903. https://
doi.org/10.1080/10473289.2000.10464231

Aghemo A, Alekseeva OP, Angelico F, Bakulin IG, Bakulina NV,
Bordin D, Bueverov AO, Drapkina OM, Gillessen A, Kagarmanova
EM, Korochanskaya NV. Role of silymarin as an antioxidant in
the clinical management of chronic liver diseases: A narrative
review. Ann Med. 2022; 54:1548-60. https://
doi.org/10.1080/07853890.2022.2069854

Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Pre-
ferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. PLoS Med. 2009; 6: €1000097.
https://doi.org/10.7326/0003-4819-151-4-200908180-00135

Goyal AK, Middha SK, Usha T. Baccaurea ramiflora Lour.: a com-
prehensive review from traditional usage to pharmacological
evidence. Adv Trad Med. 2022; 22(2):231-49. https://
doi.org/10.1007/s13596-020-00489-9

Narzary |, Swarnakar A, Kalita M, Middha SK, Usha T, Babu D,
Mochahary B, Brahma S, Basumatary J, Goyal AK. Acknowledg-
ing the use of botanicals to treat diabetic foot ulcer during the
21st century: A systematic review. World J Clin Cases. 2023;
11:4035-59. http://dx.doi.org/10.12998/wjcc.v11.i17.4035

Chauhan A, Semwal AD. Herbal Hepatoprotective Agents - A
Review. J Drug Deliv Ther. 2017; 7(2): 169-176. https://
doi.org/10.22270/jddt.v7i2.1338

Ramakrishnan G, Lo Muzio L, Cordova C. Liver Protective Activi-
ty of Herbal Formulations: A Review. J Pharma Res. 2018; 12(2):
311-20.

Usha T, Pradhan S, Goyal AK, Dhivya S, Kumar HP, Singh MK,
Joshi N, Basistha BC, Murthy KS, Selvaraj S, Middha SK. Molecu-
lar simulation-based combinatorial modeling and antioxidant
activities of Zingiberaceae family rhizomes. Pharmacogn Mag.
2017; 13:S715. https://doi.org/10.4103/pm.pm_82_17

Middha SK, Usha T, Basistha BC, Goyal AK. Amelioration of anti-
oxidant potential, toxicity, and antihyperglycemic activity of
Hippophae salicifolia D. Don leaf extracts in alloxan-induced
diabetic rats. 3 Biotech. 2019; 9:1-8. https://doi.org/10.1007/
$13205-019-1840-3

Middha SK, Usha T, Babu D, Misra AK, Lokesh P, Goyal AK. Evalu-
ation of antioxidative, analgesic and anti-inflammatory activi-
ties of methanolic extract of Myrica nagi leaves - an animal mod-
el approach. Symbiosis. 2016; 70:179-84.

Dontha S. A review on antioxidant methods. Asian J Pharm Clin
Res. 2016; 9(2):14-32.

Goyal AK, Middha SK, Sen A. Evaluation of the DPPH radical
scavenging activity, total phenols and antioxidant activities in
Indian wild Bambusa vulgaris" Vittata" methanolic leaf extract.
J Nat Pharma. 2010; 1:40-5. https://doi.org/10.4103/2229-
5119.73586

Alam MN, Bristi NJ, Rafiquzzaman M. Review on in vivo and in
vitro methods evaluation of antioxidant activity. Saudi Pharm J.
2013; 21:143-52. https://doi.org/10.1016/j.jsps.2012.05.002

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1007/s42452-021-04859-z
https://doi.org/10.1007/s42452-021-04859-z
https://doi.org/10.1016/j.jhep.2018.09.014
https://doi.org/10.1016/j.jhep.2018.09.014
https://doi.org/10.4292/wjgpt.v6.i3.59
https://doi.org/10.4292/wjgpt.v6.i3.59
https://doi.org/10.2174/1573399819666230314093721
https://doi.org/10.2174/1573399819666230314093721
https://doi.org/10.1016/j.gmbhs.2012.03.001
https://doi.org/10.3389/fphar.2015.00072
https://doi.org/10.3389/fphar.2015.00072
https://doi.org/10.14719/pst.1709
https://doi.org/10.1080/10473289.2000.10464231
https://doi.org/10.1080/10473289.2000.10464231
https://doi.org/10.1080/07853890.2022.2069854
https://doi.org/10.1080/07853890.2022.2069854
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.1007/s13596-020-00489-9
https://doi.org/10.1007/s13596-020-00489-9
http://dx.doi.org/10.12998/wjcc.v11.i17.4035
https://doi.org/10.22270/jddt.v7i2.1338
https://doi.org/10.22270/jddt.v7i2.1338
https://doi.org/10.4103/pm.pm_82_17
https://doi.org/10.1007/s13205-019-1840-3
https://doi.org/10.1007/s13205-019-1840-3
https://doi.org/10.4103/2229-5119.73586
https://doi.org/10.4103/2229-5119.73586
https://doi.org/10.1016/j.jsps.2012.05.002

187 MOCHAHARY ET AL

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Lyrawati D, Muslimah AG, Laksmita D, Santoso DI, Poernomo EL,
Larasati K, Sajidah LZ, Adianingsih OR, Agusningtyas RD, Eko
MH, Wibowo BP. Hepatoprotective and hepatoregenerative
therapeutic effects of polyherbal medicine Heparmin TM on
Rattus norvegicus Wistar with liver fibrosis. Thai J Pharma Sci.
2017;41(4):123-29.

Gao B. Hepatoprotective and anti-inflammatory cytokines in
alcoholic liver disease. J Gastroenterol Hepatol. 2012; 27:89-93.
https://doi.org/10.1111/j.1440-1746.2011.07003.x

Yogi B, Mishra A. Hepatoprotective effects and antioxidant po-
tential of polyherbal formulation against CCl4-induced hepatic
injury in albino rats. Current Trad Med. 2016; 2:42-9. https://
doi.org/10.2174/2215083802666160620131553

Talebi M, Zarshenas MM, Yazdani E, Moein M. Preparation and
Evaluation of Possible Antioxidant Activities of Rose Traditional
Tablet”[Qurs-e-Vard]” A Selected Traditional Persian Medicine
[TPM] Formulation via Various Procedures. Curr Drug Discov
Technol. 2020; 17:1-8. https://
doi.org/10.2174/1570163817666200929114517

Gupta A, Sheth NR, Pandey S, Yadav JS. Determination of quer-
cetin a biomarker in hepatoprotective polyherbal formulation
through high-performance thin layer chromatography. J Chro-
matogr Sep Tech. 2015;6:2. http://doi.org/10.4172/2157-
7064.1000285

Chen D, Guo J, Li L. Catalpol promotes mitochondrial biogenesis
in chondrocytes. Arch Physiol Biochem. 2022;128:802-08. http://
doi.org/10.1080/13813455.2020.1727927

Liu RM, Desai LP. Reciprocal regulation of TGF-$ and reactive
oxygen species: A perverse cycle for fibrosis. Redox Biol.
2015;6:565-77. https://doi.org/10.1016/j.redox.2015.09.009

Reshi MR, Gulati K, Ray A. Immunomodulation During Hepato-
protective Effects of Dawa-Ul-Kurkum in D-Galactosamine-
Induced Liver Cirrhosis in Rats. Int J Toxicol Pharmacol Res.
2022;12:166-179.

Darbar S, Chakraborty MR, Chattarjee S, Ghosh B. Protective
effect of Livina, a polyherbal liquid formulation against ethanol-
induced liver damage in rats. Anc Sci Life. 2009; 28(3):14-17.

Zhu M, Wang X, Wang K, Zhao Z, Dang Y, Ji G, Li F, Zhou W.
Lingguizhugan decoction improves non-alcoholic steatohepati-
tis partially by modulating gut microbiota and correlated me-
tabolites. Front Cell Infect Microbiol. 2023;13:1066053. https://
doi.org/10.3389/fcimb.2023.1066053

Wakkumbura HP, Wickramaarachchi WM, Arawwawala LD, Li-
yanage JA, Rajapakse RP. Assessment of the quality and evalua-
tion of the antioxidant potential of a novel Sri Lankan ayurvedic
polyherbal formulation. Evid-Based Complementary Alt Med.
2020; 2020. https://doi.org/10.1155/2020/2319315

Karunarathna AU, Chandrika U, Padumadasa C, Seneviratne B,
Abeysekera AM. Hepatoprotective Activity of Link Livecare in
Carbon Tetrachloride and D-Galactosamine induced hepatotox-
icity In ICR Mice. Int J Res Ayurveda Pharm. 2017; 8:91-96

Chung WS, Wang JH, Bose S, Park JM, Park SO, Lee SJ, Jeon S,
Kim H. Hepatoprotective Effect of Lentinus edodes Mycelia Fer-
mented Formulation against Alcoholic Liver Injury in Rats. J
Food Biochem. 2015; 39:251-62. https://doi.org/10.1111/
jfbc.12124

Dinakaran SK, Sujiya B, Avasarala H. Profiling and determina-
tion of phenolic compounds in Indian marketed hepatoprotec-

38.

39.

40.

41.

42.

43.

44,

45.

46.

tive polyherbal formulations and their comparative evaluation.
J Ayurveda Integr Med. 2018; 9:3-12. https://doi.org/10.1016/
j.jaim.2016.12.006

Sur TK, Hazra A. Hepatoprotective and Antioxidant Activities of
LST-02, A Proprietary Herbal Formulation. Ind J Physiol Pharma-
col. 2015; 59:322-29.

Akhtar MS, Asjad HM, Bashir S, Malik A, Khalid R, Gulzar F, Irshad
N. Evaluation of antioxidant and hepatoprotective effects of
Khamira Gaozaban Ambri Jadwar Ood Saleeb Wala (KGA). Bang-
ladesh J Pharmacol. 2013; 8:44-8. https://doi.org/10.3329/
bjp.v8i1.13183

Eswaran A, Muthukrishnan S, Mathaiyan M, Pradeepkumar S,
Mari KR, Manogaran P. Green synthesis, characterization and
hepatoprotective activity of silver nanoparticles synthesized
from pre-formulated Liv-Pro-08 poly-herbal formulation. Appl
Nanosci. 2021: 1-3. https://doi.org/10.1007/s13204-021-01945-x

Monika T. A Study on Scientific Evaluation of Siddha Polyherbal
formulation Nannari Mathirai for Hepatoprotective Activity on
CCL4, ethanol-induced Hepatotoxicity and Antioxidant activity
in Wistar Albino Rats (Doctoral dissertation), Chennai; Govern-
ment Siddha Medical College; 2019. http://repository-
tnmgrmu.ac.in/12114/1/320201519monika.pdf

Yang CC, Fang JY, Hong TL, Wang TC, Zhou YE, Lin TC. Potential
antioxidant properties and hepatoprotective effects of an aque-
ous extract formula derived from three Chinese medicinal herbs
against CCl4-induced liver injury in rats. Int Immunopharmacol.
2013; 15:106-13. https://doi.org/10.1016/j.intimp.2012.10.017

Bigoniya P, Singh CS. Hepatoprotective activity of a standard-
ized polyherbal liver formulation. Int J Pharm Sci Res. 2014;
5:4209. http://dx.doi.org/10.13040/IJPSR.0975-8232.5(10).4209-
18

Shahid I, Khan KM, Khan TM, Imran MS, Shahid N, Alnafoosi FN,
Baig MR, Al-Worafi YM. Clinical Efficacy of LivPro® Herbal Medi-
cine among Hepatitis C Patients Pakistan: Longitudinal Inter-
ventional Study. Arch Pharm Pract. 2021; 12:55. https://
doi.org/10.51847/v5ImbrLQNQ

Devaraju H, Raghuveer R, Rao UM. Evaluation of polyherbal
formulation, livomyn for its hepatoprotective and antioxidant
activity. Der Pharmacia Lettre. 2013; 5(6):135-41.

Engineer A, Pal S, Desai K, Highland H. Synergistic antioxidant
action of Murraya koenigii and Plumeria rubra extracts enhance
hepatoprotective efficacy against methotrexate-induced liver
injury. Int J Pharm Pharm Sci. 2017; 9: 152-159. https://
doi.org/10.22159/ijpps.2017v9i10.21004

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.1111/j.1440-1746.2011.07003.x
https://doi.org/10.2174/2215083802666160620131553
https://doi.org/10.2174/2215083802666160620131553
https://doi.org/10.2174/1570163817666200929114517
https://doi.org/10.2174/1570163817666200929114517
http://doi.org/10.4172/2157-7064.1000285
http://doi.org/10.4172/2157-7064.1000285
http://doi.org/10.1080/13813455.2020.1727927
http://doi.org/10.1080/13813455.2020.1727927
https://doi.org/10.1016/j.redox.2015.09.009
https://doi.org/10.3389/fcimb.2023.1066053
https://doi.org/10.3389/fcimb.2023.1066053
https://doi.org/10.1155/2020/2319315
https://doi.org/10.1111/jfbc.12124
https://doi.org/10.1111/jfbc.12124
https://doi.org/10.1016/j.jaim.2016.12.006
https://doi.org/10.1016/j.jaim.2016.12.006
https://doi.org/10.3329/bjp.v8i1.13183
https://doi.org/10.3329/bjp.v8i1.13183
https://doi.org/10.1007/s13204-021-01945-x
http://repository-tnmgrmu.ac.in/12114/1/320201519monika.pdf
http://repository-tnmgrmu.ac.in/12114/1/320201519monika.pdf
https://doi.org/10.1016/j.intimp.2012.10.017
http://dx.doi.org/10.13040/IJPSR.0975-8232.5(10).4209-18
http://dx.doi.org/10.13040/IJPSR.0975-8232.5(10).4209-18
https://doi.org/10.51847/v5lmbrLQNQ
https://doi.org/10.51847/v5lmbrLQNQ
https://doi.org/10.22159/ijpps.2017v9i10.21004
https://doi.org/10.22159/ijpps.2017v9i10.21004

