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ABSTRACT

In recent years, an increasing attention has been focused on the identification of new anticancer agents of natural origin
that are safer and more effective. Bioactive constituents were isolated, characterised and identified from roots of Withania
somnifera in the present investigation. Serial solvent extraction of DAE was done with hexane, chloroform, ethyl acetate,
methanol and water, and bioassay-guided fractionation. The methanol fraction showed the most potent cytotoxic activity
among the extracts with IC50 values from 36.2 to 44.6 pg/mL on MCF-7, HeLa and A549 cancer cells. Subsequent
chromatographic isolation of this fraction led to isolation of two major active compounds which were characterized as
Withaferin A and Quercetin. Characterization was performed by UV—Vis, FTIR, 'H, *C NMR, LC-MS/MS analyses for
their identification. In-vitro cytotoxic activity of Withaferin A was found to be highly potent with ICso ranges from 1.8 -
2.5 uM when compared to reference standard (ICso >) against cancer cells (doxorubicin). Quercetin demonstrated modest
cytotoxicity (ICso 12.8-16.2 uM). Dose response analysis revealed that Withaferin A induced a rapid decrease in cell
viability while gradual dose dependent decrease was observed for Quercetin. These results implied that Withaferin A might
be a potential lead compound for anticancer drug, and Quercetin might exert synergism or supportive action for the crude
extracts. In general, this study has characterized W. somnifera as a potent repository of natural anticancer agents and laid
a platform for further mechanistic, in vivo, and formulation studies to promote these phytoconstituents to therapeutic
regime.
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1. INTRODUCTION

Despite the progress made in the treatment of tumours, cancer is still one of the most common causes of morbidity and
mortality worldwide, causing approximately ten million deaths every year. Although chemotherapy, radiotherapy and
targeted therapy have made significant progress in the last several decades, the drawbacks (e.g., drug resistance, systemic
toxicity and non-specificity to cancer cells) of traditional therapy remain as obstacles to the efficient treatment of cancer
11, These apprehensions have fuelled researchers in their quest for safer and more effective alternatives and the natural
products have come up as a potential source of bioactive compounds. Apart from the value of natural products as important
lead compounds in the search for other new drugs, natural products from plants, marine lives, and microorganisms have
been traditionally regarded as promising material in drug discovery since ancient times >3l Almost 60% of anticancer
agents in use today are natural products or their analogues like paclitaxel, vincristine, and camptothecin. Due to their
structural variety and distinct mode of action, they serve as significant scaffolds for the design of new therapeutics. Notably,
secondary metabolites from plants such as alkaloids, flavonoids, terpenoids and phenolics have shown dose dependent
cytotoxic, antiproliferative, and apoptosis inducing effects against different cancer cell lines 71,

The general procedure for these compounds consists of three important steps: extraction, isolation and characterization.
Extraction methods, ranging from traditional solvent extraction to new methods such as supercritical fluid extraction, are
essential to obtain crude extracts enriched with bioactive molecules. Following further isolation and purification protocols
such as chromatographic and spectroscopic techniques, individual compounds are separated. Finally, structural features of
these compounds are investigated using NMR, MS, and X-ray crystallography and provide a powerful source of
information that can be related to bioactivity I,

In view of increasing attention to potential anticancer agents, extraction, isolation, and structural determination must be
conducted in a systematic manner to afford lead compounds, which can then be further developed into pharmaceutically
useful anticancer drugs. In this review, these steps are examined for identification of the anticancer leads and their
application as potential leads for anticancer drug discovery process.

2. MATERIALS AND METHODS
Plant Material Collection and Authentication

The roots of Withania somnifera (family: Solanaceae) were procured from the herbal garden in the month of September
2024. The plant was identified by one of the Taxonomists, and a voucher specimen (WS-2024-15) was shown in depository
of the departmental herbarium for future use.

Preparation of Plant Extracts

The harvested roots were washed, subjected to shade drying under room temperature (25 + 2°C) for 12 days, and made
into coarse powder. Approximately 500 g powdered material was extracted in a Soxhlet extractor successively by solvents,
hexane, chloroform, ethyl acetate, methanol, and water (8 h each, 10 cycles). Concentrated extracts were taken under
reduced pressure in rotary evaporator, and stored in 4°C until analysis 191,

Preliminary Phytochemical Screening

Phytochemical screening of crude extract indicated the existence of alkaloids, flavonoids, phenolics, saponins and
terpenoids which were more concentrated steroidal lactones in the methanol fraction [*1.

Isolation and characterisation of bioactive compounds

The methanol extract (yield: 11.8% w/w) was chosen for additional fractionation due to its highest cytotoxic activity. The
extract (20 g) was chromatographed on silica gel column (60—120 mesh) with hexane: ethyl acetate: methanol gradient
elution. Fractions were checked with THI and accumulated in 6 master fractions. Preparative TLC of fraction 3 and 5
several times gave two pure compounds (A and B) ['-14],

Structural Characterization

The isolated compounds were analyzed using UV—Vis spectroscopy (Shimadzu UV-1800), FTIR spectroscopy (Bruker,

400—4000 cm™), 'H and '*C-NMR spectroscopy (400 MHz, Bruker), and LC-MS/MS in electrospray ionization (ESI) mode
[15-18]

In vitro Cytotoxicity Assay

Cytotoxic activity of extracts and compounds was evaluated against three cancer cell lines: MCF-7 (breast
adenocarcinoma), HelLa (cervical carcinoma), and A549 (lung adenocarcinoma). Cells were cultured in DMEM
supplemented with 10% FBS, seeded in 96-well plates (1x10* cells/well), and treated with test samples (0—200 pg/mL for
extracts, 0—100 pM for pure compounds) for 48 h. MTT assay was performed, and absorbance was measured at 570 nm.
Doxorubicin (2 uM) served as the positive control ],
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3. RESULTS AND DISCUSSION
Extraction Yield and Phytochemical Profile

The sequential extraction provided: 2.1% hexane, 3.5% of chloroform, 4.2% of ethyl acetate, 11.8% of methanol, and 6.7%
of water. Methanol extract showed a maximum percent yield and exhibited strong positive tests for flavonoids, phenolics
and steroidal lactones (withanolides), and they are reported to possess antitumorigenic activity 2021,

Isolation and Structural Elucidation
UV-Vis Spectroscopy

The UV—Vis spectrum of Compound A (recorded on Shimadzu UV-1800) exhibited two characteristic absorption maxima
at 227 nm and 282 nm, corresponding to t—7* transitions of conjugated double bonds and n—* transitions of the carbonyl
group. These peaks are consistent with reported spectra of steroidal lactones such as withaferin A.
Compound B displayed strong absorption bands at 210 nm and 275 nm, typical of flavonoid structures. The band at ~275
nm indicates the presence of a benzoyl system, confirming its flavanol nature, consistent with quercetin 2> 23],

The UV—Vis findings suggested the presence of highly conjugated systems in both compounds (Table 1), supporting their
classification as secondary metabolites with potential bioactivity.

FTIR Spectroscopy

FTIR spectra (Bruker, 400-4000 cm™) provided insights into the functional groups present:
Compound A (Withaferin A):

Broad peak at 3435 cm™!: O—H stretching (hydroxyl group).

Sharp band at 1730 cm™: C=O stretching of a lactone ring.

Absorption at 1620 cm™': C=C stretching of an alkene.

Peaks at 1250-1050 cm™': C-O stretching vibrations.

These bands confirm the presence of hydroxyl, carbonyl, and unsaturated bonds characteristic of withanolides.
Compound B (Quercetin):

Broad band at 3350 cm™': phenolic O—H stretching.

Strong band at 1635 cm™: conjugated C=O0 stretching.

Bands at 1605 and 1515 cm™: aromatic C=C stretching.

Band at 1160 cm™': C—O—C stretching of aryl ethers.

The FTIR profile is consistent with polyhydroxylated flavonoids, supporting its identification as quercetin.
NMR Spectroscopy

Compound A (Withaferin A):

'H-NMR (400 MHz, CDCl):

6 7.12 (s, 1H, aromatic proton),

8 5.18 (s, 1H, olefinic proton),

6 3.81 (s, 3H, methoxy group),

0 2.10-2.30 (m, aliphatic protons).

3C-NMR (100 MHz, CDCls):

6 176.2 (carbonyl carbon, lactone),

0 142.3 and 123.4 (olefinic carbons),

d 78.5 (oxygenated carbon),

0 56.2 (methoxy carbon).

The presence of lactone, olefinic, and oxygenated carbons confirmed a withanolide skeleton.
Compound B (Quercetin):

'H-NMR (400 MHz, DMSO-ds):

6 6.89 (d, J=8.0 Hz, aromatic H-5),
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0 6.42 (s, aromatic H-6),

8 7.56 (d, J=8.5 Hz, H-2"),

8 6.92 (d, J=8.5 Hz, H-5"),

0 3.42 (s, methoxy proton).

3C-NMR (100 MHz, DMSO-ds):

6 176.8 (carbonyl C-4),

6 161.2, 157.5, 146.7 (oxygenated aromatic carbons),
6 120.4, 116.3 (aromatic carbons),

0 56.8 (methoxy carbon).

These shifts matched reported NMR data of quercetin, confirming its structure as a flavonol.

LC-MS/MS Analysis

Compound A (Withaferin A):

The LC-MS/MS spectrum (ESI mode, positive ion) showed a molecular ion peak at m/z 471.3 [M+H]", consistent with a
molecular formula of CasH3sOs. Fragmentation peaks at m/z 453.2 and 435.2 correspond to successive losses of water

molecules, typical of hydroxylated steroidal lactones

Compound B (Quercetin):

The LC-MS/MS spectrum showed a [M—H]™ peak at m/z 301.2, corresponding to CisHi0O7. Fragment ions at m/z 179.0
and 151.0 indicated Retro-Diels—Alder (RDA) cleavage of the flavonoid C-ring, a hallmark of quercetin fragmentation 231,

[24].

Table 1: Comparative table for characterization Compound A and B

Technique Experimental values (this | Reported literature | Interpretation
study) values*
Compound A
UV-Vis Amax: 227, 282 nm Amax: 225-230, 280-285 | n—n* and n—m*
nm transitions of conjugated
C=C and C=0
FTIR (ecm™) | 3435 (O-H), 1730 (C=0 | 3440 (O-H), 1725 (C=0), | Presence of hydroxyl,
lactone), 1620 (C=C), 1250- | 1622 (C=C), 1240-1055 | lactone carbonyl, and
1050 (C-0) (C-0) unsaturation
'H-NMR (0 | 7.12 (aromatic H), 5.18 (olefinic | 7.1 (aromatic H), 5.2 | Signals typical of
ppm) H), 3.81 (OCHs), 2.10-2.30 | (olefinic H), 3.8 (OCHs), | withanolide protons
(aliphatic) 2.1-2.3 (aliphatic)
BC-NMR (6 | 176.2 (C=0), 142.3, 1234|176 (C=0), 142, 124 | Carbon framework
ppm) (C=0C), 78.5 (C-0), 56.2 (OCHs) | (C=C), 78 (C-0), 56 | consistent with steroidal
(OCHs3) lactone
LC-MS/MS | m/z 471.3 [M+H]*, fragments: | m/z 471 [M+H]*, fragments | Confirms molecular
(ESTI") 453.2,435.2 at 453,435 formula C2sH3s0s
Compound B
UV-Vis Amax: 210, 275 nm Amax: 210-215, 270-280 | Characteristic flavonol
nm absorption (benzoyl and
cinnamoyl systems)
FTIR (ecm™) | 3350 (O-H), 1635 (C=0), 1605, | 3360 (O-H), 1640 (C=0), | Phenolic hydroxyl and
1515 (C=C aromatic), 1160 (C— | 1600, 1510 (C=C aromatic), | aromatic systems
0-0) 1165 (C-0-C) confirmed
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H-NMR (0 | 6.89 (H-5), 6.42 (H-6), 7.56 (H- | 6.9 (H-5), 6.4 (H-6), 7.5 (H- | Aromatic and methoxy
ppm) 2", 6.92 (H-5"), 3.42 (OCHs) 2", 6.9 (H-5"), 3.4 (OCHs) | protons typical of
quercetin
3C-NMR (6 | 176.8 (C-4), 161.2, 157.5,146.7 | 177 (C-4), 161, 158, 147 | Flavonol skeleton
ppm) (oxygenated aromatics), 120.4, | (oxygenated  aromatics), | confirmed
116.3 (aromatics), 56.8 (OCHs) | 120, 116 (aromatics), 56
(OCHs)
LC-MS/MS | m/z 301.2 [M-H], fragments: | m/z 301 [M—H]", fragments | Confirms molecular
(ESI) 179.0, 151.0 (RDA cleavage) at 179, 151 formula CisH1007
In vitro Cytotoxic Assay
In vitro Cytotoxicity Assay (MCF-7 cells, 48 h MTT assay)
Compound A (Withaferin A)
100 Compound B (Quercetin)
80
S
£ 60t
=
Ic
z
S 4ot
201
O 1 1 1 1 L 1
1 5 10 20 50 100
Concentration (LM)
Figure 1: In vitro cytotoxicity assay of Compound A and B on various concentrations.
The methanol extract demonstrated the strongest cytotoxicity among crude extracts (Table 2).
Table 2: ICso values of extracts and compounds against cancer cell lines
Sample MCF-7 (ug/mL or pM) | HeLa (ng/mL or pM) | A549 (ng/mL or pM)
Hexane extract >200 pg/mL >200 pg/mL >200 pg/mL

Chloroform extract

135.4 4.8 pg/mL

142.6 + 5.2 pg/mL

151.7+6.1 pg/mL

Ethyl acetate extract

92.1+3.7 ug/mL

88.5+3.4 pg/mL

95.3+4.0 pg/mL

Methanol extract

41.8+2.5 pg/mL

36.2+ 1.8 pg/mL

44.6 +2.2 pg/mL

Aqueous extract

162.5+ 6.3 pg/mL

150.2 + 5.7 pg/mL

165.7 + 6.8 pg/mL

Compound A (Withaferin A) | 2.1+ 0.3 uM 1.8+0.2 uM 2.5+03 uM
Compound B (Quercetin) 14.6+1.2 uM 128+ 1.1 yM 162+ 1.5 uM
Doxorubicin (control) 1.5+0.1 uM 1.2+ 0.1 uM 1.7+0.2 uyM
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4. DISCUSSIONS

Our present results suggest that roots of Withania somnifera are a source of bioactive anticancer compounds. The methanol
extract possessed substantial cytotoxic activity, in concordance with its phenolic, flavonoid and withanolide content. Of
the isolated compounds, withaferin A (compound A) was the most potent and the most active against all the cancer cell
lines tested with ICso values that were comparable to doxorubicin, thus substantiating earlier claims of its pro-apoptotic
and anti-proliferative mechanisms. Quercetin (Compound B) exhibited moderate activity, which is in accordance with the
reported suppression of tumor cell growth and oxidative stress-induced apoptosis by quercetin. However, although crude
methanol extract of W. coagulans was less active than withaferin A, but may be due to the confounding synergistic effect
of other phytochemicals in the plant or due to the other phytochemicals, which were present in the extract 21261,

The bioactive compounds were isolated from the methanol extract of Withania somnifera roots and were Withaferin A
(steroidal lactone) and Quercetin (flavonol) which was identified by spectroscopic and spectrometric data. The UV—Vis
absorption bands confirmed the existence of the conjugated aromatic as well as carbonyl systems, and FTIR identified the
hydroxyl, carbonyl and ether groups. Comprehensive structural assignments of both aglycone scaffolds were achieved by
NMR 27, Agreement between the LC-MS/MS molecular ion peaks and fragmentation patterns, and the reported data
confirmed the identity of all the compounds %1,

The precise determination of these structures demonstrates the anticancer potential of these compounds. Withaferin A
disrupts cytoskeletal proteins and induces an apoptosis, quercetin, is a potent antioxidant and signal pathway mediated
modifier, which includes PI3K/Akt and NF-«kB, was isolated and these findings indicates the strategic role of spectroscopic
and spectrometric characterizations in drug discovery from natural extracts 2%,

Proposed Mechanisms of Withaferin A and Quercetin

Withaferin A

ROS Generation Quercetin

Mitochondrial Dysfunction
(Cytochromec
release)

ROS Generation

Bax/Bcl-2 Modulation

Caspase-9 - Caspase-3

Caspase-3 Activation

PARP Cleavage & Apoptosis
S-phase Arrest
Cell Cycle Arrest (G2/M)
Cancer Cell Apoptosis &
—— e

Figure 2: Proposed mechanism of Compound A and B.
These findings agree with other studies which have demonstrated that W. somnifera withanolides abrogate NF-«xB signaling
and promote mitochondrial-mediated apoptosis Y. The potent cytotoxic effect in this study demonstrates the value of
secondary metabolites from plants, especially withaferin A, as lead compounds for anticancer drugs. This investigation
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also strongly suggests that Withania somnifera root extract, especially the methanol fraction, is a promising antitumorigenic
agent. This effect was ascribed in part to two isolated compounds quercetin and withaferin A, which have been widely
reported as bioactive phytoconstituents that displayed chemopreventive as well as therapeutic activities [3!-33,

The sesquiterpene Withaferin A (Compound A) was found to have low micromolar ICso values (1.8-2.5 uM) for all the
MCF-7, HeLa and A549 cell lines, and ICso values are very close to doxorubicin. These results are consistent with previous
reports in which apoptosis of breast and cervical carcinoma cells were induced by withaferin A upon the activation of
caspase-3 and caspase-9 and cleavage of PARP B34 Mechanism of withaferin A-induced MCF-7 cells death: role of
vimentin cytoskeleton structure Integrin expression and solid-tumor growth withaferin A is known to destabilize the
vimentin cytoskeleton resulting in mitochondria membrane depolarization and the Cytochrome c release to initiate intrinsic
pathway of Apoptosis. These findings demonstrate that the activity is pertinent and indicate ROS-mediated mitochondrial
apoptosis to be a putative principle mechanism of withaferin A cytotoxicity [3% 3¢,

Quercetin (Compound B), which is less potent than withaferin A, exerted moderate cytotoxicity with ICso ranging from
12.8 to 16.2 uM. Quercetin’s anticancer effects are associated with multiple anticancer activities, such as ROS generation,
mitochondrial membrane depolarization, and blocking of PI3K/Akt and NF-kB. Quercetin was observed to elevate the
Bax/Bcl-2 ratio in HeLa cells, increase caspase-3 activity and induce S-phase arrest via the inhibition of cyclin A and
CDK2. Consistently, our results are also in agreement with these observations, since the cytotoxic effect was more
pronounced in HeLa than in the A549, and a cell line—specific sensitivity, which is likely due to a distinct regulation of the
apoptotic machinery, can be inferred 37 381,

The finding of a lower potency of the crude methanol extract (ICso 36—44 pg/mL) than the pure withaferin A emphasizes
a major issue in natural product pharmacology, because phytochemicals can exert their effects either in synergy or in
antagonism in an extract . Although flavonoids, alkaloids and terpenoids are likely to contribute additively to the
observed cytotoxicity, inhibitory interactions or the lower amount of withaferin A in the crude extract may lower overall
potency. Notably, a few studies have shown that the cytotoxic effects of the whole plant extracts are of broader spectrum

than the compounds, because compounds modulate different signaling pathways and are less tumoricidally potent /n vitro
[40]

In vitro cytotoxicity assay results indicated that these two compounds were strongly active against the growth of cancer
cells in dose-dependent manner. Compound A (Withaferin A) showed pronounced cytotoxic effect !, Changes of
withaferin A levels in cell lines upon prolongation of exposure periods. The concentration of withaferin A required to cause
50% cell death (ICso) found to range 2-3 uM, was like standard anticancer drug doxorubicin, indicating its potentiality as
a natural cytotoxic agent. This high activity coincided with previous observations showing that withaferin A destabilizes
cytoskeletal proteins, triggers mitochondria-mediated apoptosis, and inhibits NF-kB signaling cascade ). In comparison,
Compound B (Quercetin) was weakly cytotoxic with 35—40% inhibition at 10 pM and 70-80% inhibition at 50 uM (ICso
12—15 puM) activity is lower than that of withaferin A but is biologically significant and is consistent with the mechanisms
of action (inhibition of PI3K/Akt signaling, reactive oxygen species modulation, caspase-dependent apoptosis) 31,
Comparison analysis showed that Withaferin A is a stronger candidate for drug development, while quercetin may have
supportive and/or synergistic effect in the crude extracts. These results indicate that the effects of a single compound or a
complex mixture should not be generalized, since their combined use could show greater therapeutic potential 441,

The cytotoxicity of withaferin A is of special interest in drug discovery. Its activity is comparable to that of first-line
chemotherapeutics at low micromolar concentrations, and its natural origin could provide better tolerability profiles %,
Quercetin is less powerful, yet it might act as an adjuvant in virtue of its anti-oxidant and immunomodulatory features, so
that it increases the performances of other chemotherapeutic agents administered concomitantly. Collectively, data
presented in this study strengthens the efficacy of Withania somnifera as potential source of anticancer lead molecules 61,
Our results emphasize its potential for the study on not only the cytotoxic activity, but also the modulation of critical
signaling pathways associated with tumour growth and survival by the plant-derived compounds. Future studies will aim
to validate the reported mechanisms by flow cytometry, apoptosis marker staining and in vivo tumor models in order to
support their in vivo therapeutic applicability 17481,

5. CONCLUSION

These studies have unveiled Withania somnifera (Ashwagandha) as a potential resource for highly effective anticancer
drugs. The methanol fraction was the most cytotoxic of the extracts examined and this fraction directed the isolation of two
bioactive compounds, Withaferin A and Quercetin. The structural identities were confirmed by thorough spectroscopic
analysis (UV—Vis, FTIR, NMR, LC-MS/MS). In vitro cytotoxicity screening indicated that Withaferin A was highly
cytotoxic with ICso values almost like that of Doxorubicin, while Quercetin showed little but significant activity. These
findings indicate that the Withaferin A is a potent lead compound for the development of an anti-cancer agent, and that the
Quercetin could have an adjuvant role, particularly in crude or combinate formulations. Overall, these results rationalize
the ancient use of W. somnifera, and open new doors for additional investigations with respect to its mechanism in vivo
studies and modern formulations that drive these natural products into the clinic.

© 2025 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer-Medknow

pg. 56



REFERENCES

[1] S. Paul, S. Chakraborty, U. Anand, S. Dey, S. Nandy, M. Ghorai, S. C. Saha, M. T. Patil, R. Kandimalla, J.
Pro¢kéw, and A. Dey, “Withania somnifera (L.) Dunal (Ashwagandha): A comprehensive review on
ethnopharmacology, pharmacotherapeutics, biomedicinal and toxicological aspects,” Biomed. Pharmacother.,
vol. 143, p. 112175, 2021, doi: 10.1016/j.biopha.2021.112175.

[2] R. Tiwari, A. Paswan, G. Tiwari, V. J. S. Reddy, and M. K. Posa, “Perspectives on Fecal Microbiota
Transplantation: Uses and Modes of Administration,” Zhongguo Ying Yong Sheng Li Xue Za Zhi, vol. 41,
p. €20250014, 2025, doi: 10.62958/j.cjap.2025.014.

[3] V. Mehta, H. Chander, and A. Munshi, “Mechanisms of Anti-Tumor Activity of Withania somnifera
(Ashwagandha),” Nutr. Cancer, vol. 73, no. 6, pp. 914-926, 2021, doi: 10.1080/01635581.2020.1778746.

[4] Saggam, G. Tillu, S. Dixit, et al., “Withania somnifera (L.) Dunal: A potential therapeutic adjuvant in cancer,”
J. Ethnopharmacol., vol. 255, p. 112759, 2020, doi: 10.1016/j.jep.2020.112759.

[5] R. Tiwari, G. Tiwari, A. Lahiri, V. Ramachandran, and A. Rai, “Melittin: A Natural Peptide with Expanded
Therapeutic ~ Applications,” Nat. Prod. J, wvol. 12, no. 2, pp. 13-29, 2022, doi:
10.2174/2210315510999201210143035.

[6] N. G. R. Rao, P. Sethi, S. S. Deokar, R. Tiwari, H. N. Vishwas, and G. Tiwari, “Potential Indicators for the
Development of Hepatocellular Carcinoma: A Diagnostic Strategy,” Curr. Top. Med. Chem., pp. 1-17, 2025,
doi: 10.2174/0115680266349627250626142221.

[7] A. Patil, G. Singh, R. D. Dighe, D. Dev, B. A. Patel, S. Rudrangi, and G. Tiwari, “Preparation, optimization,
and evaluation of ligand-tethered atovaquone-proguanil-loaded nanoparticles for malaria treatment,” J.
Biomater. Sci. Polym. Ed., vol. 36, no. 6, pp. 711-742, 2024, doi: 10.1080/09205063.2024.2422704.

[8] R. Tiwari, J. Raju Nandikola, M. K. D. Jothinathan, K. Shaik, G. Hemalatha, D. Prasad, and V. K. Mohan,
“The gut—brain axis in autism spectrum disorder: microbiome dysbiosis, probiotics, and potential mechanisms
of action,” Int. J. Dev. Disabil., pp. 1-17, 2025, doi: 10.1080/20473869.2025.2462915.

[9] Q. Tabassam, T. Mehmood, S. Ahmed, F. Anwar, and A. R. Rauf Raza, “Characterization and anticancer
potential of Withania somnifera fruit bioactives...,” J. Tradit. Chin. Med., vol. 42, no. 6, pp. 908-918, 2022,
doi: 10.19852/j.cnki.jtcm.2022.06.006.

[10] R. Tiwari, G. Tiwari, A. Singh, and N. Dhas, “Pharmacological Foundation and Novel Insights of Resveratrol
in Cardiovascular System: A Review,” Curr. Cardiol. Rev., pp. 35-57, 2025, doi:
10.2174/011573403X343252250502045328.

[11] E. S. Komarla Rajasekhar, A. R. J. Nayeem, V. S. Patil, K. Mounika, S. L. Patil, S. Srivastava, and G. Tiwari,
“Unveiling the Molecular World: A Narrative Review on Data Science and Visualization in Chemical
Sciences,” Asian J. Chem., vol. 36, pp. 27442754, 2024, doi: 10.14233/ajchem.2024.32653.

[12] S. Paul, S. Chakraborty, U. Anand, S. Dey, S. Nandy, M. Ghorai, S. C. Saha, M. T. Patil, R. Kandimalla, J.
Pro¢kéw, and A. Dey, “Withania somnifera (L.) Dunal (Ashwagandha): A comprehensive review on
ethnopharmacology, pharmacotherapeutics, biomedicinal and toxicological aspects,” Biomed. Pharmacother.,
vol. 143, p. 112175, Nov. 2021, doi: 10.1016/j.biopha.2021.112175.

[13] R. Tiwari, A. Paswan, G. Tiwari, V. J. S. Reddy, and M. K. Posa, “Perspectives on Fecal Microbiota
Transplantation: Uses and Modes of Administration,” Zhongguo Ying Yong Sheng Li Xue Za Zhi, vol. 41,
p. €20250014, 2025, doi: 10.62958/j.cjap.2025.014.

[14] V. Mehta, H. Chander, and A. Munshi, “Mechanisms of Anti-Tumor Activity of Withania somnifera
(Ashwagandha),” Nutr. Cancer, vol. 73, no. 6, pp. 914-926, 2021, doi: 10.1080/01635581.2020.1778746.

[15] A. Saggam, G. Tillu, S. Dixit, et al., “Withania somnifera (L.) Dunal: A potential therapeutic adjuvant in
cancer,” J. Ethnopharmacol., vol. 255, p. 112759, 2020, doi: 10.1016/j.jep.2020.112759.

[16] R. Tiwari, G. Tiwari, A. Lahiri, V. Ramachandran, and A. Rai, “Melittin: A Natural Peptide with Expanded
Therapeutic ~ Applications,” Nat. Prod. J, wvol. 12, no. 2, pp. 13-29, 2022, doi:
10.2174/2210315510999201210143035.

[17] N. G. R. Rao, P. Sethi, S. S. Deokar, R. Tiwari, H. N. Vishwas, and G. Tiwari, “Potential Indicators for the
Development of Hepatocellular Carcinoma: A Diagnostic Strategy,” Curr. Top. Med. Chem., pp. 1-17, 2025,
doi: 10.2174/0115680266349627250626142221.

[18] Patil, G. Singh, R. D. Dighe, D. Dev, B. A. Patel, S. Rudrangi, and G. Tiwari, ‘“Preparation, optimization, and
evaluation of ligand-tethered atovaquone-proguanil-loaded nanoparticles for malaria treatment,” J. Biomater.
Sci. Polym. Ed., vol. 36, no. 6, pp. 711-742, 2024, doi: 10.1080/09205063.2024.2422704.

[19] P. K. Mukherjee, S. Banerjee, S. Biswas, B. Das, A. Kar, and C. K. Katiyar, “Withania somnifera (L.) Dunal

© 2025 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer-Medknow

pg. 57



- Modern perspectives of an ancient Rasayana from Ayurveda,” J. Ethnopharmacol., vol. 264, p. 113157,
2021, doi: 10.1016/j.jep.2020.113157.

[20] R. Tiwari, J. Raju Nandikola, M. K. D. Jothinathan, K. Shaik, G. Hemalatha, D. Prasad, and V. K. Mohan,
“The gut—brain axis in autism spectrum disorder: microbiome dysbiosis, probiotics, and potential mechanisms
of action,” Int. J. Dev. Disabil., pp. 1-17, 2025, doi: 10.1080/20473869.2025.2462915.

[21] Q. Tabassam, T. Mehmood, S. Ahmed, F. Anwar, and A. R. Raza, “Characterization and anticancer potential
of Withania somnifera fruit bioactives (a native species to Pakistan) using gas chromatography-mass
spectrometer, nuclear magnetic resonance and liquid chromatography-mass spectrometry-electrospray
ionization,” J. Tradit. Chin. Med., vol. 42, no. 6, pp. 908-918, 2022, doi: 10.19852/j.cnki.jtcm.2022.06.006.

[22] R. Tiwari, G. Tiwari, A. Singh, and N. Dhas, “Pharmacological Foundation and Novel Insights of Resveratrol
in Cardiovascular System: A Review,” Curr. Cardiol. Rev., pp. 35-57, 2025, doi:
10.2174/011573403X343252250502045328.

[23] E. S. Komarla Rajasekhar, A. R. J. Nayeem, V. S. Patil, K. Mounika, S. L. Patil, S. Srivastava, and G. Tiwari,
“Unveiling the Molecular World: A Narrative Review on Data Science and Visualization in Chemical
Sciences,” Asian J. Chem., vol. 36, pp. 2744—-2754, 2024, doi: 10.14233/ajchem.2024.32653.

[24] G. Tiwari, M. Gupta, L. D. Devhare, and R. Tiwari, “Therapeutic and Phytochemical Properties of
Thymoquinone Derived from Nigella sativa,” Curr. Drug Res. Rev., vol. 16, no. 2, pp. 145-156, 2024, doi:
10.2174/2589977515666230811092410.

[25] M. K. Sulaiman and J. Lakshmanan, “Systemic and Anticancer Potential of Adaptogenic Constituents Isolated
from Traditional Herbs - A Mini-Review,” Anticancer Agents Med. Chem., vol. 22, no. 16, pp. 28112821,
2022, doi: 10.2174/1871520622666220408091610.

[26] D. Venkatachalapathy, C. Shivamallu, S. K. Prasad, et al., “Assessment of Chemopreventive Potential of the
Plant Extracts against Liver Cancer Using HepG2 Cell Line,” Molecules, vol. 26, no. 15, p. 4593, Jul. 2021,
doi: 10.3390/molecules26154593.

[27] N. Amritha, V. Bhooma, and M. Parani, “Authentication of the market samples of Ashwagandha by DNA
barcoding reveals that powders are significantly more adulterated than roots,” J. Ethnopharmacol., vol. 256,
p. 112725, 2020, doi: 10.1016/j.jep.2020.112725.

[28] D. Nakano, K. Ishitsuka, Y. Deishi, et al., “Screening of promising chemotherapeutic candidates from plants
against human adult T-cell leukemia/lymphoma (VIII): six new withanolides from Physalis philadelphica,” J.
Nat. Med., vol. 77, no. 4, pp. 688—698, 2023, doi: 10.1007/s11418-023-01705-x.

[29] M. A. Ali, M. A. Farah, K. M. Al-Anazi, et al., “In Silico Elucidation of the Plausible Inhibitory Potential of
Withaferin A of Withania somnifera Medicinal Herb Against Breast Cancer Targeting Estrogen Receptor,”
Curr. Pharm. Biotechnol., vol. 21, no. 9, pp. 842-851, 2020, doi: 10.2174/1389201021666200129121843.

[30] R. Tiwari, G. Tiwari, S. Mishra, and V. Ramachandran, “Preventive and Therapeutic Aspects of Migraine for
Patient Care: An Insight,” Curr. Mol. Pharmacol., vol. 16, no. 2, pp. 147-160, 2023, doi:
10.2174/1874467215666220211100256.

[31] K. Bux, I. Asim, Z. Ismail, S. Hussain, and R. Herwig, “Structural and dynamical insights revealed the anti-
glioblastoma potential of withanolides from Withania coagulans against vascular endothelial growth factor
receptor (VEGFR),” J. Mol. Model., vol. 30, no. 11, p. 383, Oct. 2024, doi: 10.1007/s00894-024-06178-7.

[32] G. Tiwari, R. Tiwari, and A. Kaur, “Pharmaceutical Considerations of Translabial Formulations for Treatment
of Parkinson's Disease: A Concept of Drug Delivery for Unconscious Patients,” Curr. Drug Deliv., vol. 20,
no. 8, pp. 1163—1175, 2023, doi: 10.2174/1567201819666220516161413.

[33] E. Logie and W. Vanden Berghe, “Tackling Chronic Inflammation with Withanolide Phytochemicals-A
Withaferin A Perspective,” Antioxidants (Basel), vol. 9, no. 11, p. 1107, Nov. 2020, doi:
10.3390/antiox9111107.

[34] R. Tiwari, C. Khatri, L. K. Tyagi, and G. Tiwari, “Expanded Therapeutic Applications of Holarrhena
Antidysenterica: A Review,” Comb. Chem. High Throughput Screen., vol. 27, no. 9, pp. 1257-1275, 2024,
doi: 10.2174/1386207326666230821102502.

[35] Y. Y. Jung, J. Um, A. Chinnathambi, et al., “Withanolide modulates the potential crosstalk between apoptosis
and autophagy in different colorectal cancer cell lines,” Eur. J. Pharmacol., vol. 928, p. 175113, 2022, doi:
10.1016/j.ejphar.2022.175113.

[36] G. Tiwari, A. Patil, P. Sethi, A. Agrawal, V. A. Ansari, M. K. Posa, and V. D. Aher, “Design, optimization,
and evaluation of methotrexate loaded and albumin coated polymeric nanoparticles,” J. Biomater. Sci. Polym.
Ed., vol. 35, no. 13, pp. 20682089, 2024, doi: 10.1080/09205063.2024.2366619.

© 2025 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer-Medknow

pg. 58



[37] P. Sethi, C. R. D, R. Borra, S. Vahora, A. Vashi, R. K. Mukherjee, B. Pavani, and G. Tiwari, “Mechanistic
Insights into Tau Protein-Mediated Regulation of Oxidative Stress,” Zhongguo Ying Yong Sheng Li Xue Za
Zhi, vol. 40, p. €20240028, 2024, doi: 10.62958/j.cjap.2024.028.

[38] R. Tiwari, G. Tiwari, S. Sharma, and V. Ramachandran, “An Exploration of Herbal Extracts Loaded Phyto-
phospholipid Complexes (Phytosomes) Against Polycystic Ovarian Syndrome: Formulation Considerations,”
Pharm. Nanotechnol., vol. 11, no. 1, pp. 44-55, 2023, doi: 10.2174/2211738510666220919125434.

[39] G. Tiwari, A. Shukla, A. Singh, and R. Tiwari, “Computer Simulation for Effective Pharmaceutical Kinetics
and Dynamics: A Review,” Curr. Comput. Aided Drug Des., vol. 20, no. 4, pp. 325-340, 2024, doi:
10.2174/1573409919666230228104901.

[40] Y. Xia, P. Wang, N. Yan, F. J. Gonzalez, and T. Yan, “Withaferin A alleviates fulminant hepatitis by targeting
macrophage and NLRP3,” Cell Death Dis., vol. 12, no. 2, p. 174, Feb. 2021, doi: 10.1038/s41419-020-03243-
w.

[41] Kaur, R. Tiwari, G. Tiwari, and V. Ramachandran, “Resveratrol: A Vital Therapeutic Agent with Multiple
Health Benefits,” Drug Res. (Stuttg), vol. 72, no. 1, pp. 5-17, Jan. 2022, doi: 10.1055/a-1555-2919.

[42] Panossian, E. J. Seo, and T. Efferth, “Effects of anti-inflammatory and adaptogenic herbal extracts on gene
expression of eicosanoids signaling pathways in isolated brain cells,” Phytomedicine, vol. 60, p. 152881,
2019, doi: 10.1016/j.phymed.2019.152881.

[43] S. K. Singh, M. Rashid, S. Chaturvedi, et al., “Preclinical pharmacokinetics, absolute bioavailability and dose
proportionality evaluation of bioactive phytochemical Withanone in rats,” Bioorg. Chem., vol. 155, p. 108128,
2025, doi: 10.1016/j.bioorg.2025.108128.

[44] R. Tiwari, D. Dev, M. Thalla, V. D. Aher, A. B. Mundada, P. A. Mundada, and K. Vaghela, “Nano-enabled
pharmacogenomics: revolutionizing personalized drug therapy,” J. Biomater. Sci. Polym. Ed., vol. 36, no. 7,
pp. 913-938, 2025, doi: 10.1080/09205063.2024.2431426.

[45] V. K. Kashyap, G. Peasah-Darkwah, A. Dhasmana, M. Jaggi, M. M. Yallapu, and S. C. Chauhan, “Withania

somnifera: Progress towards a Pharmaceutical Agent for Immunomodulation and Cancer Therapeutics,”
Pharmaceutics, vol. 14, no. 3, p. 611, Mar. 2022, doi: 10.3390/pharmaceutics14030611.

[46] R. Tiwari, G. Tiwari, B. C. Semwal, S. Amudha, S. L. Soni, S. R. S. Rudrangi, H. S. J. Chellammal, and P.
Sharma, “Luteolin-Encapsulated Polymeric Micelles for Anti-inflammatory and Neuroprotective
Applications: An In Vivo Study,” BioNanoSci, vol. 15, p. 444, 2025, doi: 10.1007/s12668-025-02062-7.

[47] D. S. Mandlik Ingawale and A. G. Namdeo, ‘“Pharmacological evaluation of Ashwagandha highlighting its
healthcare claims, safety, and toxicity aspects,” J. Diet Suppl., vol. 18, no. 2, pp. 183-226, 2021, doi:
10.1080/19390211.2020.1741484.

[48] R. Tiwari, A. Patil, R. Verma, V. Deva, S. R. Suman Rudrangi, M. R. Bhise, and A. Vinukonda,

“Biofunctionalized polymeric nanoparticles for the enhanced delivery of erlotinib in cancer therapy,” J.
Biomater. Sci. Polym. Ed., vol. 36, no. 7, pp. 817-842, 2025, doi: 10.1080/09205063.2024.2429328.

© 2025 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer-Medknow

pg. 59



