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ABSTRACT

Hepatocellular carcinoma (HCC) is a highly aggressive liver cancer with a poor prognosis, necessitating
timely diagnosis and effective treatment strategies. Conventional therapies, including liver transplantation,
chemotherapy, targeted drugs, and herbal remedies, provide limited curative outcomes and mainly aim
to extend survival and alleviate symptoms. This study investigated the anticancer activity of a polyherbal
formulation on HepG2 cell lines. The preparation consisted of hydro-alcoholic and ethanolic extracts of
Andrographis paniculata, Annona muricata, Eclipta alba, and Aegle marmelos, all recognized for their
anticancer, antioxidant, and hepatoprotective properties. Assessment via cell viability assays revealed
a significant reduction in cancer cell survival upon treatment. The observed effects are likely due to
synergistic interactions among the extracts, targeting multiple cancer-associated pathways such as
apoptosis induction, inhibition of cell proliferation, and reduction of oxidative stress. These findings
suggest the potential of polyherbal formulations as complementary therapies for HCC. However, further
in-vivo and clinical studies are necessary to confirm efficacy, determine safe and effective dosages, and
establish comprehensive safety profiles. This work highlights the importance of integrating traditional
herbal knowledge with modern research to develop innovative strategies for HCC management.

INTRODUCTION

The liver, an indispensable organ body, is fundamentally
involved in numerous biochemical processes. It is
responsible for detoxifying harmful substances and
synthesizing essential compounds, underscoring its
critical physiological functions. Consequently, liver
damage can have severe consequences.!l In recent
years, research has increasingly focused on developing
new treatments that can minimize the adverse effects
associated with conventional cancer therapies. This
shift highlights the growing interest in identifying
more targeted and less toxic therapeutic approaches to
enhance patient outcomes and quality of life. Nature has
long provided medicinal substances, with many modern
drugs derived from authentic sources, regularly drawing

inspiration from traditional medicinal knowledge.[?!
Herbal compounds, in particular, have served as a
valuable source for drug discovery against various
diseases. Numerous medicinal plants have demonstrated
positive effects in both experimental and clinical cancer
chemoprevention and chemotherapy studies. Since
complex diseases like cancer involve multiple pathways
and complications, their management often requires more
than one therapeutic agent. Thus, combining anticancer
herbs, rather than relying on single-herb therapy, may
offer improved clinical outcomes.*!

In this context, a polyherbal formulation comprising
Annona muricata, Andrographis paniculata, Aegle marmelos,
and Eclipta alba is proposed for liver cancer treatment.
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Table 1: Bioactive compounds and mechanistic effects of selected medicinal plants in liver protection and hepatocellular carcinoma

Plant Major active compounds Mechanisms References
Annona muricata Acetogenins (annonacin, bullatacin), Antioxidant, apoptosis induction, inhibition of DEN- [1%20]
alkaloids induced hepatocarcinogenesis
Andrographis paniculata  Andrographolide, neoandrographolide Anti-inflammatory, Nrf2 activation, STAT3/NF-«xB 21,22]
suppression, apoptosis in HCC cells
Eclipta alba Wedelolactone, demethylwedelolactone, ~Antioxidant enzyme activation, anti-inflammatory, (2324
luteolin Wnt/f-catenin inhibition
[25, 26]

Aegle marmelos Marmelosin (imperatorin), aegeline,

lupeol

Antioxidant, DNA protection, suppression of DEN-
induced hepatic cancer

Annona muricata and other selected plants contain
bioactive compounds with significant anticancer potential.
Indigenous to tropical and subtropical regions, extracts of
A. muricata are particularly recognized for their ability to
combat cancerous cells.l’] Graviola (A. muricata) extract
hasbeenreported to exhibitantioxidant, chemopreventive,
and chemotherapeutic effects, effectively suppressing
DMBA-induced mammary carcinogenesis in Swiss albino
mice.l%] Its ethanolic leaf extract (AMLE) has also been
shown to reduce DMBA /croton oil-induced skin papilloma
formation. ! Additionally, the extract inhibited Ehrlich
ascites carcinoma growth, restored hematological
parameters, and provided protection against benzo[a]
pyrene-induced lung tumorigenesis. (¢!

Another important compound, andrographolide derived
from A. paniculata is widely recognized for its diverse
pharmacological activities.[’l The ethanolic extract of A.
paniculata significantly improved colon tissue architecture
and decreased the frequency of abnormal crypt lesions
(ACF) in DMH/HFD-induced colon carcinogenesis in rats. 1%
Andrographolide, the major bioactive constituent, has
demonstrated notable anticancer effects, including cell
cycle blockage in LoVo human colorectal carcinoma cells
[67] and the hindrance of cancer cell growth. [

The ethanolic fruit pulp extract of Aegle marmelos showed
antiproliferative activity by slowing breast tumor growth
in rat models, while also exerting hepato-renal protective
effects.['?] Cell-culture studies have revealed that A.
marmelos Correaextractsinhibitthe proliferation of various
human tumor cell lines, such as K562 (leukemia), Jurkat
(T-lymphoid), Raji (B-lymphoid), HEL (erythroleukemia),
Colo38 (melanoma), and the breast cancer lines MCF-7
and MDA-MB-231.1*3] Bioactive phytochemicals found in
various parts of A. marmelos (fruits, bark, leaves, seeds,
and roots) have also been documented for their anticancer
properties.'* Similarly, the methanolic extract of Eclipta
alba exhibited strong activity against colorectal cancer
HCT-116 cells while showing minimal toxicity toward
normal WI-38 cells.'> Its alcoholic extract further
revealed significant can help combatbreast cancer cells by
causing them to undergo apoptosis and preventing them
from multiplying, migrating, and demonstrating potent
antioxidant activity, with low toxicity observed in animal
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studies highlighting its value as a safe complementary
anticancer agent.['®] E. alba constituents have also
traditionally been used for anticancer purposes and have
shown in-vitro activity against various cancer cell lines. 7]
The hepatoprotective and anticancer effects may be
attributed to phytochemicals such as acetogenins
from A. muricata, andrographolide from A. paniculata,
wedelolactone from E. alba, and marmelosin from A.
marmelos, which modulate oxidative stress, inflammation,
and apoptosis pathways, thereby protecting against
hepatic injury and carcinogenesis (Table 1).

Since HepG2 is widely accepted as a model, this cell
line is used for liver cancer research and is crucial for
determining the cytotoxicity of natural extracts. It is
imperative to evaluate the cell viability of these selected
plant extracts using the in-vitro 3-(4,5-dimethylthiazol-
2-y1)-2,5-diphenyltetrazolium bromide (MTT) assay.
Although substances isolated from A. muricata, A.
paniculata, A. marmelos, and E. alba have revealed
significant anticancer, antioxidant, and protective
attributes in different cancer models, there remains a
considerable research gap in understanding their precise
mechanisms, efficacy, and safety in liver cancer, where
existing treatment options are still limited and often
associated with toxicity and resistance. One widely used
technique to measure cell viability and cytotoxicity is the
MTT assay. However, interference by plant ethanol extracts
may sometimes resultin false-positive viability outcomes.
To ensure reliable evaluation of the cytotoxic effects of
these extracts, this study specifically investigates the
accuracy of the MTT assay when applied to plant-based
formulations. ('8

This study holds pharmaceutical significance by assessing
the cytotoxic effects of a polyherbal formulation on HepG2
cells using MTT assays. Given the limitations of current
HCC therapies in terms of efficacy, toxicity, and cost, plant-
based formulations represent a promising alternative or
adjunct treatment. Investigating combined extracts with
known anticancer properties may reveal synergistic
effects that target multiple cancer pathways, providing
a foundation for developing safer and more effective
therapeutic strategies that integrate traditional herbal
knowledge with modern pharmacology.
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MATERIALS AND METHODS

Chemicals and Reagents

A basic nutrient medium supplemented with fetal calf
serum for cell line maintenance, and ethanol for the
extraction of plants was used. The standard drug used
here was obtained from local pharmacists.

Plants

The plant materials, in powdered form, were collected
in October 2024 and were procured and authenticated
from Sanchomee Herboveda Pvt. Ltd. (trading as
Manikarnika Aushadhalaya, Chinchwad, Pune, India).
A voucher specimen (No. SHPL/03/23) is maintained in
the Department of Pharmacology, Dr. D. Y. Patil College
of Pharmacy.

Cell Culture

HepG2 cell lines were maintained at the Scitesla Research
Organization, Navi Mumbai. The cell lines were cultivated
in abasic nutrient medium (MEM) supplemented with fetal
bovine serum (FBS).

Methods!?”]

Crude plant powder was obtained from Sanchomee
Herboveda Pvt. Ltd (Chinchwad), and all the plants were
in the form of coarse powder. The procedure for extracting
the extract is explained in Fig. 1.

Statistical Analysis

All experiments were done three times, and the results
are shown as the average * standard deviation (SD).
Differences between groups were tested using one-way
ANOVA with Tukey’s post hoc test. Results with a
p-value less than 0.05 were considered significant, with
significance levels shown as p < 0.05, p < 0.01, p < 0.001,
and p < 0.0001.

Table 2: Plants used in polyherbal extract

Plant name Family Plant part
Annona muricata Annonaceae Leaves
Andrographis panniculata Acanthaceae Bark
Aegle marmelos Rutaceae Leaves
Eclipta alba Asteraceae Leaves

2. Maceration carried out
with Ethanol and water for
48 to 72 hours.

Phytochemical Evaluation

A preliminary phytochemical investigation was carried
out on the crude extracts of A. muricata, A. paniculata,
A. marmelos, and E. alba. The extracts were examined to
identify the main types of secondary metabolites, such
as alkaloids, flavonoids, tannins, saponins, glycosides,
terpenoids, and phenolic compounds, using standard
qualitative methods. Procedures, as outlined in recognized
phytochemical testing manuals, were employed for the
screening of these constituents.

No further purification, fractionation, or quantitative
determination, such as total phenolic or flavonoid content
estimation, GC-MS, or HPLC profiling, was undertaken.
The evaluation was confined to crude extracts owing to the
preliminary and exploratory nature of the work as well as
limited analytical resources. This screening was intended
to provide an initial understanding of the phytochemical
composition that may contribute to the biological potential
of the plant extracts.

Cell Culture Preparation

Cells were cultured in minimum essential medium (MEM)
supplemented with 10% fetal bovine serum (FBS) to
provide nutrients and growth factors. Cultures were
maintained at 37°C in a humidified incubator with 5%
CO, to mimic physiological conditions for optimal growth.

Seeding in a 96-well Plate

Cells were plated in a 96-well plate, which is commonly
used for high-throughput analyses. A uniform seeding
density of 1 x 10° cells per well was used to ensure
consistent distribution and standardized experimental
conditions. Following seeding, 100 pL of MEM was added
to each well to fully immerse the cells in culture medium.
The plate was then incubated for 24 hours at 37°C with 5%
CO; to allow adequate cell attachment and stabilization
before treatment.

Introduction of Test Extract

Following the initial incubation period, the medium in each
well was gently removed and replaced with the test extract
prepared in the same base medium. This step ensured
that any observed effects were due to the test extract
rather than residual components of the initial medium.
Cells were applied at different doses of the extract (25,

Fig. 1: Extraction process for selected plant materials
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50,100, 250,500, and 1000 pg/mL) for 24 hours. The test
concentrations were selected based on the effective range
reported for traditionally used medicinal plant extracts
in previous in-vitro anticancer studies.!?®! The MTT assay
was used to measure cell viability. The treated plate was
then incubated for an additional 24 hours under the same
conditions. This allowed the cells to interact with the test
extract, enabling the investigation of its effects on cell
viability, proliferation, or any other cellular response.

MTT ASSAY

MTT assay setup

Following the incubation with the test extract, 100 pL of
the MTT reagent (prepared at 5 mg/mL) was introduced
into each well of the 96-well plate. MTT, a yellow
tetrazolium salt, is widely used in cell viability assays as
mitochondrial dehydrogenases metabolically reduce it in
living cells into insoluble formazan crystals. This reaction
reflects metabolic activity as an indirect measure of
viability. The plate was then returned to the incubator and
incubated for four hours at 37°C to allow sufficient time for
the enzymatic conversion of MTT into formazan by viable
cells. After incubation, the supernatant (remaining liquid
above the crystals) was carefully discarded from each well,
ensuring the formazan crystals remained intact.

Formazan solubilization and optical density measurement

To achieve complete solubilization of the insoluble
formazan crystals, 100 pL of a solubilizing agent (such as
DMSO, isopropanol, or a specialized reagent) was added
to each well. This step ensured complete solubilization of
the crystals, resulting in a homogenous, colored solution.
The absorbance of each well was then measured at a
wavelength of 570 nm using an EPOCH microplate reader
(manufactured by BioTek-Agilent, USA). The optical density

Table 3: Cytotoxic effect of the polyherbal extract and standard
drug on HepG2 Cells (MTT assay)
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S.No. Sample ey T et D)

1 Polyherbal extract 25 125.37 £ 0.85

2 Polyherbal extract 50 62.77 £ 0.67 ***
3 Polyherbal extract 100 41.63 £ (.38 ****
4 Polyherbal extract 250 38.36 + 0.46 ****
5 Polyherbal extract 500 38.52 + 0.25 ***
6 Polyherbal extract 1000 36.55 + (.25 ***x*
7 Standard drug 25 347.20£1.20

8 Standard drug 50 76.40 + 0.44 ***
9 Standard drug 100 63.43 £ (.25 ****
10 Standard drug 250 45.57 £ (.25 *xx*
11 Standard drug 500 37.03 £ 0.23 ***
12 Standard drug 1000 36.03 £ 0.15 ****

40

(OD) values obtained correspond to the color produced,
serving as an indicator of the number of viable cells with
active metabolism in each well.

RESULT

The cytotoxic activity of the polyherbal extract and the
standard drug against HepG2 cells was assessed using
the MTT assay across concentrations ranging from 25 to
1000 pg/mL. As shown in Table 2, both samples exhibited
a clear dose-dependent reduction in cell viability.

At the lowest concentration (25 pg/mL), the polyherbal
extractshowed 125.37 £ 0.85% viability, indicating minimal
cytotoxicity (Table 3). However, cell viability decreased
significantly with increasing concentrations, reaching
*#36.55 + 0.25% (**p < 0.0001) at 1000 pg/mL. Similarly,
the standard drug demonstrated a comparable pattern,
with viability reducing from 347.20 + 1.20% at 25 pg/mL
to **36.03 + 0.15% (**p < 0.0001) at the highest
concentration.

Statistical evaluation using one-way ANOVA with Tukey’s
post hoc test showed that each treatment group differed
significantly from the control (p < 0.05). Both treatments
exhibited strong, concentration-dependent cytotoxic
effects, and the polyherbal extract displayed efficacy
comparable to the standard drug at higher concentrations,
indicating its promise as a naturally derived therapeutic
agent candidate against hepatocellular carcinoma.

DISCUSSION

The current study investigated the cytotoxic potential
of a polyherbal formulation composed of A. muricata, A.
paniculata, A. marmelos, and E. alba against HepG2 liver
cancer cells using the MTT assay. The results revealed a
clear concentration-dependent decrease in cell viability,
indicating strong cytotoxic activity of the polyherbal
extract comparable to the standard drug at higher
concentrations. The observed reduction in viability from
125.37 + 0.85% at 25 to 36.55 £ 0.25% at 1000 ug/mL
suggests a potent antiproliferative effect, which may
result from synergistic interactions among the bioactive
constituents present in the selected medicinal plants.

These findings are in agreement with previous studies
reporting the anticancer potential of the individual plant
components. A. muricata contains acetogenins such as
annonacin and bullatacin that exhibit strong cytotoxic
and pro-apoptotic activities by inhibiting mitochondrial
complex I, leading to energy depletion and cancer cell
death.581 A, paniculata possesses andrographolide, a
diterpenoid lactone known to activate Nrf2 signaling,
suppress NF-kB and STAT3 pathways, and induce
apoptosis in hepatocellular carcinoma and colon cancer
models. 1121221 | ikewise, E. alba has been documented
to exert hepatoprotective and anticancer effects through
its coumestan derivatives such as wedelolactone and
demethylwedelolactone, which modulate antioxidant
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defense and inhibit the Wnt/B-catenin pathway. [1>1723:241 4,

marmelos contributes active constituents like marmelosin,
aegeline, and lupeol, which display antioxidant, anti-
inflammatory, and DNA-protective effects, along with
suppression of diethylnitrosamine (DEN)-induced hepatic
carcinogenesis.121%25261 Collectively, these bioactive
molecules likely act on diverse signaling mechanisms
that govern oxidative stress, inflammation, and apoptosis,
resulting in the enhanced cytotoxic efficacy observed in
this study.

The dose-dependent cytotoxicity observed against
HepG2 cells suggests that the polyherbal extract
disrupts mitochondrial function and promotes apoptosis,
consistent with mechanisms previously reported for
the individual herbs.[>123] Similar trends have been
documented for A. muricata and A. paniculata extracts,
which induce apoptosis and promotion of cell-cycle
blockade in breast, colon, and various hepatoma cell
lines. [¢1%11 The significant inhibition of cell viability at
concentrations above 100 pug/mL reinforces the potential
of this polyherbal formulation as a candidate for liver
cancer therapy.

However, this investigation was limited to qualitative
phytochemical evaluation of crude extracts. No
fractionation, chromatographic separation, or quantitative
estimation of total phenolic and flavonoid contents
was conducted. This limitation is primarily due to the
exploratory nature of the study and resource constraints.
Nevertheless, the preliminary results provide an
essential foundation for future research aimed at
isolating, characterizing, and quantifying the specific
phytoconstituents responsible for the cytotoxic effect.
Advanced analytical techniques such as GC-MS, HPLC,
or LC-MS can further confirm the active compounds and
their relative abundance in the extract.

Additionally, although the MTT assay is a standard process
to assess cytotoxicity, it is known that plant extracts—
especially ethanolic ones—can sometimes interfere with
colorimetric readings due to their inherent pigments or
reducing components.[!8] Despite this, the present data
were consistent, statistically significant (p < 0.05), and
reproducible across triplicates, confirming the reliability
of the observed cytotoxic effect.

Overall, the findings support the hypothesis that
combining medicinal plants with complementary
mechanisms of action may yield greater anticancer
activity than individual plant extracts. The polyherbal
combination exhibited strong cytotoxicity against HepG2
cells, supporting its suitability as a natural bioactive
agent candidate for hepatocellular carcinoma. Further
mechanistic studies—such as evaluation of apoptosis
markers (caspase activation, mitochondrial membrane
potential), oxidative stress parameters, and gene
expression profiling—along with animal-based studies,
are warranted to substantiate the efficacy and safety of
this polyherbal formulation.

CONCLUSION

The polyherbal formulation containing A. muricata,
A. paniculata, A. marmelos, and E. alba demonstrated
significant, dose-dependent cytotoxic activity against
HepG2 liver cancer cells. The observed effects may
be attributed to the synergistic action of diverse
phytochemicals that target multiple cancer-related
pathways. Although the study was limited to crude
extract evaluation, it provides a scientific basis for further
isolation and mechanistic studies to develop a safe, plant-
based therapeutic option for hepatocellular carcinoma.

ACKNOWLEDGMENT

My profound thanks go to my supervisor, whose insightful
guidance, constant support, and encouragement greatly
contributed to the success of this study. Their knowledge
and experience have significantly influenced the course
of our investigation.

REFERENCES

1. Ali S, Ejaz M, Dar KK, Nasreen S, Ashraf N, Gillani SF. Evaluation
of chemopreventive and chemotherapeutic effects of Artemisia
vulgaris extract against diethylnitrosamine-induced hepatocellular
carcinogenesisin Balb C mice. Braz] Biol [Internet].2020;80(3):484-
96. Available from: http://dx.doi.org/10.1590/1519-6984.185979

2. Pucci C, Martinelli C, Ciofani G. Innovative approaches for cancer
treatment: current perspectives and new challenges. E Cancer
Medical Science [Internet]. 2019 Sep 10;13(1). Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6753017/

3. Cragg GM, Newman DJ. Natural product drug discovery in the next
millennium. Pharm Biol [Internet]. 2001;39 Suppl 1(sup1):8-17.
Available from: http://dx.doi.org/10.1076/phbi.39.s1.8.0009

4. Yajid Al, Ab Rahman HS, Pak Kai MW, Wan Zain WZ. Potential
Benefits of Annona muricata in Combating Cancer: A Review.
Malaysian Journal of Medical Sciences [Internet]. 2018;25(1):5-15.
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC5862046/#!p0o=22.0588

5. Abd El-Kaream SA. Biochemical and biophysical study of
chemopreventive and chemotherapeutic anti-tumor potential of
some Egyptian plantextracts. Biochemistry and Biophysics Reports.
2019 Jul;18: 100637.

6. Hamizah S, Roslida AH, Fezah O, Tan KL, Tor YS, Tan CI.
Chemopreventive Potential of Annona Muricata L Leaves on
Chemically-Induced Skin Papillomagenesis in Mice. Asian Pacific
Journal of Cancer Prevention [Internet]. 2012 Jun 30 [cited 2020
Jan 19];13(6):2533-9. Available from: http://www.koreascience.
or.kr/article/JAK0201227935975593.page

7. Rajesh V, Baby Kala M. Antiproliferative and Chemopreventive
effect of Annona muricata Linn. on Ehrlich ascites carcinoma and
Benzo[a]pyrene induced lung carcinoma. Oriental Pharmacy and
Experimental Medicine. 2015 Oct 20;15(4):239-56.

8. Naomi R, Bahari H, Ong ZY, Keong YY, Embong H, Rajandram R, et
al. Mechanisms of Natural Extracts of Andrographis paniculata That
Target Lipid-Dependent Cancer Pathways: A View from the Signaling
Pathway. International Journal of Molecular Sciences [Internet].
2022 May 26;23(11):5972. Available from: https://pubmed.ncbi.
nlm.nih.gov/35682652/

9. Tharani Subarmaniam, Rusli M, Kokila Vani Perumal, Yoke Keong
Yong, Siti Hadizah, Othman F, et al. The Potential Chemopreventive
Effect of Andrographis paniculata on 1,2-Dimethylhydrazine
and High-Fat-Diet-Induced Colorectal Cancer in Sprague Dawley
Rats. International Journal of Molecular Sciences. 2023 Mar
9;24(6):5224-4.

Int. J. Pharm. Sci. Drug Res., January - February, 2026, Vol 18, Issue 1, 37-42 41



42

Manswi Deore et al.

10.Shi MD, Lin HH, Lee YC, Chao JK, Lin RA, Chen JH. Inhibition of
cell-cycle progression in human colorectal carcinoma Lovo cells
by andrographolide. Chemico-Biological Interactions. 2008
Aug;174(3):201-10.

11. Bhowmick M, Bhagat P, Ghosh R, Tiwari P, Bhowmick P. Uncovering
the anticancer potential of Aegle marmelos: A comprehensive
overview article. A Journal for New Zealand Herpetology, 12(3), 2023.
https://www.researchgate.net/publication/378005884.

12. AkhouriV,KumariM, Kumar A. Therapeutic effect of Aegle marmelos
fruitextractagainst DMBA-induced breast cancer in rats. Scientific
Reports. 2020 Oct 22;10(1).

13.Lampronti I, Martello D, Bianchi N, Borgatti M, Lambertini E, Piva
R, etal. In-vitro antiproliferative effects on human tumor cell lines
of extracts from the Bangladeshi medicinal plant Aegle marmelos
Correa. Phytomedicine. 2003 Jan;10(4):300-8.

14. Nelson V kumar, Sahoo NK, Sahu M, Sudhan H hara, Pullaiah CP,
Muralikrishna KS. In-vitro anticancer activity of Eclipta alba whole
plant extract on colon cancer cell HCT-116. BMC Complementary
Medicine and Therapies. 2020 Nov 23;20(1).

15.Yadav NK, Arya RK, Dev K, Sharma C, Hossain Z, Meena S, et al.
Alcoholic Extract of Eclipta alba shows In-vitro Antioxidant and
Anticancer Activity without Exhibiting Toxicological Effects.
Oxidative Medicine and Cellular Longevity. 2017; 2017:1-18.

16.Kumari I, Kaurav H, Chaudhary G. Eclipta Alba (Bhringraj): A
Promising Hepatoprotective and Hair Growth Stimulating Herb.
Asian Journal of Pharmaceutical and Clinical Research. 2021 May
31;16 23.

17. Karakas D, Ari F, Ulukaya E. The MTT Viability Assay Yields
Strikingly False-positive Viabilities, Although the Cells are Killed by
Some Plant Extracts. Turkish Journal Of Biology. 2017;41(6):919-25.

18. Gavamukulya Y, Wamunyokoli F, EI-Shemy HA. Annona muricata:
Is the natural therapy to most disease conditions, including cancer
growing in our backyard? A systematic review of its research
history and future prospects. Asian Pac ] Trop Med [Internet].
2017;10(9):835-48. Available from: http://dx.doi.org/10.1016/j.
apjtm.2017.08.009

19. Moghadamtousi S, Fadaeinasab M, Nikzad S, Mohan G, Ali H, Kadir
H.Annona muricata (Annonaceae): A Review of Its Traditional Uses,
Isolated Acetogenins and Biological Activities. International Journal
of Molecular Sciences. 2015 Jul 10;16(7):15625-58.

20.Kapil A, Koul IB, Banerjee SK, Gupta BD. Antihepatotoxic effects
of major diterpenoid constituents of Andrographis paniculata.
Biochemical Pharmacology. 1993 Jul;46(1):182-5.

21.Koh PH, Mokhtar RAMohd, Igbal M. Andrographis paniculata
ameliorates carbon tetrachloride (CCl,)-dependent hepatic damage
and toxicity: Diminution of oxidative stress. Redox Report. 2011
Jul;16(3):134-43.

22.Jahan R, Al-Nahain A, Majumder S, Rahmatullah M.
Ethnopharmacological Significance of Eclipta alba (L.) Hassk.
(Asteraceae). International Scholarly Research Notices [Internet].
2014; 2014:1-22. Available from: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC4897414/

23.Khurshid R, Ullah MA, Tungmunnithum D, Drouet S, Shah M, Zaeem
A, et al. Lights triggered differential accumulation of antioxidant
and antidiabetic secondary metabolites in callus culture of Eclipta
alba L. Chen JT, editor. PLOS ONE. 2020 Jun 12;15(6):e0233963.

24.Rathee D, Kamboj A, Sidhu S. Augmentation of hepatoprotective
potential of Aegle marmelos in combination with piperine in carbon
tetrachloride model in Wistar rats. Chemistry Central Journal. 2018
Aug 20;12(1).

25.Jayachandra K, Sivaraman T. Hepatoprotective Effect of Aegle
Marmelos (L.) Corr. Leaf Powder (Crude) Against Carbon
Tetrachloride-Induced Hepatic Damage in Albino Rats. Journal of
Pharmaceutical Sciences and Research. 2012;3(7).

26.]Jager H, Grosjean E, Plunder S, Redenbach C, Keilmann A, Simeon B,
etal. Cell seeding dynamics in a porous scaffold material designed
for meniscus tissue regeneration [Internet]. arXiv.org. 2024 [cited
2025 Apr 10]. Available from: http://arxiv.org/abs/2406.06334

27. Fadeyi SA, Fadeyi 00, Adejumo AA, Okoro C, Myles EL. In-vitro
anticancer screening of 24 locally used Nigerian medicinal plants.
BMC Complement Altern Med [Internet]. 2013;13(1):79. Available
from: http://dx.doi.org/10.1186/1472-6882-13-79

28.Machana S, Weerapreeyakul N, Barusrux S, Thumanu K, Tanthanuch
W. Synergistic anticancer effect of the extracts from Polyalthia
evecta caused apoptosis in human hepatoma (HepG2) cells. Asian
Pac ] Trop Biomed [Internet]. 2012;2(8):589-96. Available from:
http://dx.doi.org/10.1016/5S2221-1691(12)60103-8

29. Devanathadesikan Seshadri V, Vijayaraghavan P, Kim Y-O, Kim H-J,
Ahmed Al-Ghamdi A, Elshikh MS, et al. In-vitro antioxidant and
cytotoxicactivities of polyherbal extracts from Vetiveria zizanioides,
Trichosanthes cucumerina, and Mollugo cerviana on HeLa and MCF-7
celllines. Saudi ] Biol Sci [Internet]. 2020;27(6):1475-81. Available
from: http://dx.doi.org/10.1016/j.sjbs.2020.04.005

30.Raut D, ManswiDeore, Devendra Shirode. In-vitro Cytotoxic Activity
of Quercetin and Silymarin and Their Synergistic Effect on Hep G2
Cell Lines. Research Square (Research Square). 2023 May 26.

HOW TO CITE THIS ARTICLE: Deore M, Shirode D, Patil V, Rajput G. MTT-Based Evaluation of HepG2 Cell Cytotoxicity Induced by a Polyherbal Extract
of Medicinal Plants with Reported Anticancer Properties. Int. J. Pharm. Sci. Drug Res. 2026;18(1):37-42. DOI: 10.25004/IJPSDR.2026.180104

Int. J. Pharm. Sci. Drug Res., January - February, 2026, Vol 18, Issue 1, 37-42




	Introduction
	Materials and Methods
	Materials
	Methods

	OLE_LINK1

