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In traditional Chinese and Indian medical systems, Hedyotis diffusa is a well-known medicinal plant that is renowned for its wide range
of pharmacological properties. The extraction, identification and pharmacological confirmation of ursolic acid a significant bioactive
triterpenoid from H. diffusa are the main objectives of this investigation. The ethanolic extract was subjected to Soxhlet extraction,
followed by column chromatography for the isolation of ursolic acid, which was subsequently confirmed by GC-MS analysis. A major
peak at retention time 38.25 min and a molecular ion peak at m/z 456 confirmed its identity. The anti-inflammatory properties of ursolic
acid were assessed using protein denaturation and membrane stabilization tests, showing notable suppression in a dose-dependent manner
that was on par with that of regular diclofenac. Moreover, the MTT assay was used to evaluate its anticancer effectiveness against colon
cancer cell lines (HT-29), where ursolic acid exhibited distinguished cytotoxicity with an ICso value suggestive of strong anti-proliferative
effects. To gain mechanistic insights, molecular docking studies were performed using AutoDock, targeting COX-2 (PDB ID: 1CX2) for
inflammation and TNIK (PDB ID: 6GUE) for colon cancer. Ursolic acid displayed high binding affinities and stable interactions with
both targets, indicating its potential dual inhibitory action. These results support the therapeutic relevance of ursolic acid from H. diffusa

as a promising natural compound for managing inflammation and colon cancer.
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INTRODUCTION

Increased consumption of fruits, vegetables and certain
spices has been strongly correlated with a reduced risk of cancer,
as supported by numerous epidemiological and experimental
studies [1-4]. Bioactive molecules present in these foods can
protect against carcinogenesis induced by endogenous (physio-
logical) and exogenous (environmental or pathogenic) agents,
as well as radiation. Cancer development is now recognized
as a dynamic, multi-factorial and long-term process involve-
ing a complex network of signaling pathways. Traditionally,
cancer progression has been divided into distinct stages, initia-
tion, promotion and metastasis each contributing to uncont-
rolled cellular proliferation and tumor spread. While the
initiation and promotion phases have long been emphasized,
increasing evidence highlights inflammation as a critical driver
of tumor development. Sites of chronic infection, irritation,
and inflammation often serve as the origin of many malign-

ancies. The tumor microenvironment, largely regulated by infl-
ammatory cells, promotes cancer cell survival, proliferation,
and migration [5-7].

Bioactive compounds derived from plants, fungi, marine
organisms and microbes have demonstrated potent antitumor
and anti-inflammatory effects by targeting key signaling path-
ways such as NF-xB, STAT3, PI3K/Akt and MAPK [8-10].
These agents modulate oxidative stress, suppress pro-inflam-
matory cytokines (e.g. TNF-a, IL-6) and inhibit enzymes like
COX-2 and iNOS [11-14]. In cancer prevention and therapy,
natural compounds function as blocking agents, which prevent
carcinogen activation during tumor initiation or as supper-
ssing agents, which inhibit tumor progression and metastasis
[15,16]. Consistent with this, numerous epidemiological and
preclinical studies have shown that diets rich in fruits, vegeta-
bles, grains, and spices can reduce cancer incidence and pro-
gression by modulating immune responses and inflammatory
signaling networks [17-19].
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Natural compounds exhibit diverse pharmacological acti-
vities that depend on dosage, target tissue and duration of
exposure [20-22]. Their differential effects on tumor versus
normal cells are attributed to their ability to activate specific
apoptotic pathways, modulate key metabolic enzymes and induce
detoxifying enzymes or tumor suppressor genes in a cell type
dependent manner [23]. Several clinically used chemotherap-
eutic agents such as vincristine, camptothecin and paclitaxel
originate from natural sources, highlighting their significance
in oncology. Similarly, bioactive phytochemicals including
ursolic acid, resveratrol and curcumin exhibit dual anticancer
and anti-inflammatory properties, making them promising
candidates for integrated cancer therapy. Their multitargeted
mechanisms and synergy with existing drugs position natural
products as effective agents for managing both cancer and
chronic inflammatory disorders [24,25].

Traditional medicine, especially Traditional Chinese
Medicine (TCM), uses herbal formulations to treat diseases
such as cancer and infections by restoring balance and streng-
thening the body’s natural defenses. TCM targets both tumors
and their microenvironment, reducing inflammation, modul-
ating immunity and easing side effects of conventional therapies
[26,27]. This holistic approach is increasingly recognized for
enhancing treatment outcomes and patient quality of life.
Among TCM herbs, Hedyotis diffusa (Bai Hua She She Cao,
Oldenlandia diffusa (Willd) Roxb.) is well known for its
detoxifying, anti-inflammatory and anticancer effects [28-32].
Traditionally used to treat infections and abscesses, its appli-
cations have expanded to cancers of the digestive tract, liver,
and lung. The pharmacological activity of herb is attributed
to flavonoids, polysaccharides and terpenoids, which induce
apoptosis, inhibit cell-cycle progression, and suppress meta-
stasis and angiogenesis [33,34]. By modulating the tumor
microenvironment reducing inflammation and enhancing
immune responses H. diffusa serves as a valuable adjunct to
conventional cancer therapies [35-41].

A key bioactive constituent of H. diffusa is ursolic acid
(3B-hydroxy-urs-12-ene-28-oic acid), a pentacyclic triterpe-
noid abundant in the leaves, bark, and fruit peels of plants such
as Rosmarinus officinalis and Ocimum sanctum. Ursolic acid
exhibits anti-inflammatory, anticancer, antioxidant and hepato-
protective effects with minimal toxicity [42]. In cancer cells,
it induces apoptosis via both intrinsic and extrinsic pathways
and interferes with STAT3, PI3K/Akt, and MMPs, thereby
reducing tumor proliferation, angiogenesis, and metastasis.
Of particular interest, COX-2 (PDB ID: 1CX2) and TNIK
(PDB ID: 6GUE) represent critical molecular targets linked
to inflammation and colorectal cancer, respectively. Dual
inhibition of these targets offers a promising strategy for
managing inflammation-associated colon cancer.

Thus, the present study investigates ursolic acid as a multi-
target natural compound using molecular docking to evaluate
its binding affinities with COX-2 and TNIK. This integrated
in silico and pharmacological approach bridges traditional
knowledge of H. diffusa with modern molecular insights, vali-
dating its therapeutic relevance. By correlating docking results
with known pharmacological effects, the study aims to support
the development of ursolic acid and related derivatives as

potential dual-action agents for inflammation-associated cancer
therapy.

EXPERIMENTAL

Plant material collection and authentication: The whole
plant of Hedyotis Diffusa was collected from a local medicinal
herb habitat during its flowering season in early year 2025.
The plant material was cleaned, shade-dried and coarsely
powdered for further analysis. Botanical identification and
authentication were carried out by a qualified taxonomist at
Research Officer-Botany, Central Council for Research in
Ayurvedic Sciences (CCRAS), Government of India.

Extraction and purification of ursolic acid: Ursolic acid
was extracted using the Soxhlet apparatus with ethanol (95%)
as the solvent. The extraction was carried out for 8-10 h until
the solvent in the siphon tube appeared colourless. To obtain
a thick semi-solid mass, the extracted material was concen-
trated using a rotary evaporator at a lower pressure. Silica gel
(60-120 mesh size) was used for column chromatography of
the concentrated extract. A gradient of hexane:ethyl acetate (9:1
to 1:1) was used for the elution process. Chloroform:methanol
(9:1) was used as the solvent system for the collection and
monitoring of the fractions using thin layer chromatography
(TLC). By comparing R values with the standard, the spot
corresponding to ursolic acid was verified [43].

Characterization: The purified compound was further
confirmed as ursolic acid by GC-MS analysis and comparison
with standard spectral data from NIST libraries [44]. Thermo
MS DSQ Il and Thermo GC-Trace Ultra Version: 5.0 were used
for GC-MS analysis of the fruit extract that contained cayenne
pepper. The DB 35-MS Capillary Standard, a non-polar column
that measures 30 mm x 0.25 mm ID x 0.25 pum film, was incl-
uded with the instrument. Helium, the carrier gas, travels
slowly at a rate of 1.0 mL/min. As the oven was set to func-
tion at 250 °C, the injector was run at that temperature for 15
min. Then, during the next 3 min, the temperature increased
gradually to 280 °C. For component identification, Wiley and
NIST libraries were utilized and their retention indices were
contrasted. The results were consistent once the components
of the GC-MS instrument were identified and compared with
those in the computer library (Wiley and NIST) [44].

In silico docking studies

Docking study: ChemDraw ultra 8.0, AutoDock vina and
the molecular graphics laboratory (MGL) tools were down-
loaded from Pyrx Virtual Screening Tools. It was possible to
download the Biovia Discovery studio visualizer. Swiss ADME
was used to translate proteins into PDB format, whereas Chem
3D Pro 8.0 was used to translate ligand Mol files into PDB
format [45].

Protein required: The target proteins selected for this
study were cyclooxygenase-2 (COX-2, PDB ID: 1CX2) (Fig.
1a) and Traf2- and Nck-interacting kinase (TNIK, PDB ID:
6GUE) (Fig. 1b), representing inflammation and colon cancer
pathways, respectively. Using AutoDock Tools, these protein
structures were processed by eliminating water molecules and
non-essential heteroatoms after being retrieved from the RCSB



Vol. 37, No. 12 (2025)

Studies on Ursolic Acid from Hedyotis diffusa: Molecular Docking against Inflammation and Colon Cancer 2985

(a)
550 SER
PHE : :
Bied B:471
Q — — \ TH
\ 4 B:8
ASN -
B:43 — >
883
LEU LY :
LYS B:472 B:4§3
GLN B:468 5T 5RO
B:42 B:86 B:84
PRO
B:474

Interactions

"] van der Waals [ Conventional hydrogen bond

85301 | ' GLN

Interactions

van der Waals B Conventional hydrogen bond

Fig. 1. (a) 1CX2 ligand and (b) 6GUE ligand

protein data bank. To prepare the receptor molecules, Kollman
charges were assigned and polar hydrogens were added [46,47].

Anti-inflammatory activity: Utilizing the human red
blood cell (HRBC) membrane stabilization technique, the anti-
inflammatory qualities of ursolic acid were evaluated. To stop
clotting, fresh human blood was drawn and combined with
Alsever’s solution. Three isotonic saline rinses were perfor-
med on the red blood cells (RBCs) following a 10 min centri-
fugation at 3000 rpm. In regular saline, a 10% v/v RBC suspen-
sion was made. 0.5 mL of the 10% RBC suspension, 1 mL of
plant extract in varying concentrations, 2 mL of hypotonic
solution (distilled water) and 1 mL of phosphate buffer (pH
7.4) were all included in the reaction mixture for each test. A
control sample without extract and a standard drug sample
containing diclofenac sodium were also prepared. Each sample
was centrifuged for 10 min at 3000 rpm following 30 min of
incubation at 37 °C. The absorbance of the supernatant was
measured at 560 nm. The absorbance of the test and control
samples was compared in order to determine the percentage
inhibition of haemolysis. A higher inhibition percentage indi-
cated greater membrane stabilization and hence better anti-
inflammatory activity. This assay simulates lysosomal mem-
brane stability under inflammatory conditions, supporting the
anti-inflammatory potential of the chemical constituent [48].

Anti-colon cancer activity: HT-29 colon cancer cells
were pre-coated with 4% gelatin and then plated at a density
of 2 x 10% cells per 35 x 10 mm tissue culture dish. After that,
the cells were kept in a humidified atmosphere with 5% CO,
for 24 h at 37 °C. The medium was aspirated after 24 h and
replaced with new culture medium that contained 10% foetal
bovine serum (FBS) and different amounts of ursolic acid. To
guarantee total detachment, cells were harvested using 0.25%
trypsin-EDTA after 48 h of treatment and incubated for 2-3
min at 37 °C. Only medium, devoid of the test extract, was
given to the control wells. Cell viability was assessed by trypan
blue exclusion. Equal parts of cell solution and 0.4% trypan
blue dye were mixed and the number of viable (unstained) and
non-viable (stained) cells was counted using a hemocytometer.

In comparison to the control, the growth inhibition% was
computed. Every therapy was carried out three times. To vis-
ually evaluate the cytotoxic effects, morphological changes in
treated cancer cells, including cell detachment, rounding and
shrinkage, were detected under a phase-contrast microscope.
This assay provided both quantitative and qualitative insights
into the cytotoxic potential of the chemical constituent against
colon cancer cells [49].

RESULTS AND DISCUSSION

Based on GC-MS chromatogram, ursolic acid (CsoHs03)
exhibited a molecular ion peak at m/z 456, corresponding to
its molecular weight. This peak was the major signal observed
at a retention time (RT) of 38.25 min (Fig. 2). Fragment ions
corresponding to the characteristic fragmentation pattern of
ursolic acid were detected at m/z 438, 410, 392, 203, 189 and
121. Ursolic acid accounted for 24.56% of the total ion chroma-
togram (TIC) area, indicating that it is one of the major con-
stituents and is present in significant amounts in the Hedyotis
diffusa ethanol extract. Comparison of the compound’s mass
spectrum with the NIST Mass Spectral Library yielded a 97%
similarity index, confirming its identification as ursolic acid.
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Fig. 2. GC-MS chromatogram
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Docking results: The docking study of ursolic acid against
the inflammation-associated enzyme COX-2 (PDB ID: 1CX2)
and colon cancer-related kinase TNIK (PDB ID: 6GUE) reve-
aled strong binding interactions. The structure of the tested
compound confirmed the characteristic pentacyclic triterpenoid
scaffold of ursolic acid. The binding score obtained from
AutoDock Vina indicated a high binding affinity of ursolic
acid towards both targets. Against COX-2 (1CX2), ursolic
acid displayed a binding energy of —9.5 kcal/mol, suggesting
potential inhibitory interaction with the catalytic site of the
inflammatory enzyme (Fig. 3a). In case of TNIK (6GUE), which
is involved in Wnt signaling and tumor proliferation, ursolic
acid showed a binding score of —9.0 kcal/mol, indicating good
interaction stability and possible anti-proliferative potential
(Fig. 3b).

The observed docking scores signify that ursolic acid has
favourable binding affinity for both inflammation and cancer
targets, supporting its dual therapeutic role. The biological data
is supported by these computational results, which also high-
light potential of ursolic acid as a natural therapeutic candi-
date for the treatment of colon cancer and inflammatory disea-
ses. A comparison with the common drugs regorafenib (TNIK
inhibitor) [50] and celecoxib (COX-2 inhibitor) [51] was done
in order to confirm the docking efficacy of ursolic acid. Ursolic
acid exhibited higher binding affinities with COX-2 (-9.5
kcal/mol) and TNIK (-9.0 kcal/mol) compared to celecoxib
(8.2 kcal/mol) and regorafenib (8.7 kcal/mol), respectively.
These results suggest that ursolic acid could be a powerful
dual-acting substance that has anti-inflammatory and anti-
cancer effects. Its stable interactions through hydrogen bonds
and hydrophobic contacts with key active site residues further
support the in vitro results and reinforce its potential as a
natural therapeutic compound.

Anti-inflammatory activity: The anti-inflammatory poten-
tial of ursolic acid was assessed through a red blood cell (RBC)
membrane stabilization assay. The compound exhibited a con-
centration-dependent increase in membrane protection activity.
As shown Table-1, ursolic acid demonstrated substantial mem-
brane stabilization effects across all tested concentrations, with
the highest inhibition observed at 400 pg/mL. At 50 pg/mL,
ursolic acid inhibited hemolysis by 39.8%, which increased

TABLE-1
MEMBRANE STABILIZATION ASSAY —
ANTI-INFLAMMATORY ACTIVITY OF URSOLIC ACID

Concentration (ug/mL) % Inhibition (membrane stabilization)

50 39.8

100 56.4

200 70.1

400 81.3
Diclofenac (100 pg/mL) 85.9

to 56.4% at 100 pg/mL and 70.1% at 200 pug/mL. The maxi-
mum activity of 81.3% was recorded at 400 pg/mL, closely
approaching the standard diclofenac sodium (100 pg/mL),
which showed 85.9% inhibition. These findings indicate that
ursolic acid exhibits significant membrane stabilization poten-
tial, suggesting effective anti-inflammatory properties. The
observed results support the hypothesis that ursolic acid stabi-
lizes the lysosomal membrane, thereby preventing the release
of inflammatory mediators and enzymes, similar to the mode
of action of standard non-steroidal anti-inflammatory drugs
(NSAIDs) (Fig. 4).
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Fig. 4. The percentage inhibition of membrane stabilization by ursolic acid
at various concentrations, compared with diclofenac (100 pg/mL)

Anti-colon cancer activity: The anticancer activity of
ursolic acid was evaluated against a human colon cancer cell
line using the MTT assay. A concentration range of 100 to 500
pug/mL was used for the experiment. Ursolic acid has strong
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cytotoxic effects on colon cancer cells, as evidenced by the
results, which showed a dose-dependent suppression of cell
proliferation. At the lowest tested concentration of 100 pg/mL,
ursolic acid inhibited approximately 42% of cancer cell proli-
feration. This effect progressively increased with higher con-
centrations: 58% at 200 png/mL, 66% at 300 ug/mL and 87%
at 400 pg/mL. The maximum inhibition of 98% was observed
at 500 pg/mL, confirming strong anticancer efficacy at this
concentration (Figs. 5 and 6). The observed dose-dependent
cytotoxic response suggests that ursolic acid exerts significant
antiproliferative activity on colon cancer cells, possibly thro-
ugh mechanisms such as apoptosis induction, cell cycle arrest
and interference with oncogenic pathways (e.g., TNIK/Wnt).
These findings align with the in silico docking results, further
supporting the potential of ursolic acid as a promising lead
compound for colon cancer therapy.
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Fig. 5. Cytotoxic effect of ursolic acid on colon cancer cell line

Inhibition of growth (%)

t S
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Fig. 6. Morphological changes in cancer cells induced by UA at 500 pg/mL

Conclusion

The present study successfully demonstrated the therap-
eutic potential of ursolic acid extracted from Hedyotis diffusa
through both in vitro and in silico approaches. Ursolic acid
demonstrated strong anticancer activities against colon cancer
cells in a dose-dependent manner and shown noteworthy anti-
inflammatory activity by stabilizing cell membranes. Accor-
ding to the results of molecular docking, ursolic acid has

substantial binding affinities with TNIK (9.0 kcal/mol) and
COX-2 (9.5 kcal/mol), surpassing those of standard drugs,
indicating its ability to modulate both inflammatory and onco-
genic pathways. These findings highlight ursolic acid as a pro-
mising dual-targeted natural therapeutic agent with potential
applications in inflammation and colon cancer management.
The results of this study offer a solid basis for additional
preclinical and clinical research, opening the door for the
creation of multifunctional therapeutic candidates based on
ursolic acid.

ACKNOWLEDGEMENTS

The authors appreciate the support and facilities
provided by their respective institutions, which facilitated the
completion of this work.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interests
regarding the publication of this article.

REFERENCES

[

Y.J. Surh, Nat. Rev. Cancer, 3, 768 (2003);

https://doi.org/10.1038/nrc1189

K.B. Michels, E. Giovannucci, A.T. Chan, R. Singhania, C.S. Fuchs

and W.C. Willett, Cancer Res., 66, 3942 (2006);

https://doi.org/10.1158/0008-5472.CAN-05-3637

A.R. Amin, O. Kucuk, F.R. Khuri and D.M. Shin, J. Clin. Oncol., 27,

2712 (2009);

https://doi.org/10.1200/JC0.2008.20.6235

4, F. Tosetti, D.M. Noonan and A. Albini, Int. J. Cancer, 125, 1997
(2009);
https://doi.org/10.1002/ijc.24677

5. F.R. Greten and S.1. Grivennikov, Immunity, 51, 27 (2019);
https://doi.org/10.1016/j.immuni.2019.06.025

6. Y.Xie, F.Liu, Y.Wu, Y. Zhu, Y.Jiang, Q. Wu, Z. Dong and K. Liu,
Mol. Cancer, 24, 51 (2025);
https://doi.org/10.1186/s12943-025-02243-8

7. M.H. Pan, G. Ghai and C.T. Ho, Mol. Nutr. Food Res., 52, 43 (2008);
https://doi.org/10.1002/mnfr.200700380

8. J. Qin, W. Wang and R. Zhang, Chin. J. Nat. Med., 15, 401 (2017);
https://doi.org/10.1016/S1875-5364(17)30062-6

9.  A. Narayanankutty, Curr. Mol. Pharmacol., 14, 760 (2021);
https://doi.org/10.2174/1874467214666210120152657

10. P. Pandey, S. Lakhanpal, D. Mahmood, H.N. Kang, B. Kim, S. Kang,
J. Choi, M. Choi, S. Pandey, M. Bhat, S. Sharma, F. Khan, M.N. Park
and B. Kim, Front. Pharmacol., 15, 1513422 (2025);
https://doi.org/10.3389/fphar.2024.1513422

11. S. Terracciano, M. Aquino, M. Rodriquez, M.C. Monti, A. Casapullo,
R. Riccio and L. Gomez-Paloma, Curr. Med. Chem., 13, 1947 (2006);
https://doi.org/10.2174/092986706777585095

12. F. Akhter, M.S. Rahman, G.M. Al Amin, M.I. Miah, and Y.-S. Koh, J.
Bacteriol. Virol., 51, 149 (2021);
https://doi.org/10.4167/jbv.2021.51.4.149

13. H.A. Saleh, M.H. Yousef and A. Abdelnaser, Front. Immunol., 12,
606069 (2021);
https://doi.org/10.3389/fimmu.2021.606069

14. J.A. Ngum, F.J. Tatang, M.H. Toumeni, S.N. Nguengo, U.S.F. Simo,
C.F. Mezajou, C. Kameni, N. Njike-Ngongang, M.F. Tchinda, F.F.
Dongho-Dongmo, M. Akami, A.R. Ngane Ngono and O. Tamgue,
Front. Pharmacol., 14, 1144836 (2023);
https://doi.org/10.3389/fphar.2023.1144836

15. A. Duvoix, R. Blasius, S. Delhalle, M. Schnekenburger, F. Morceau,

E. Henry, M. Dicato and M. Diederich, Cancer Lett., 223, 181 (2005);

https://doi.org/10.1016/j.canlet.2004.09.041

I

w



https://doi.org/10.1038/nrc1189
https://doi.org/10.1158/0008-5472.CAN-05-3637
https://doi.org/10.1200/JCO.2008.20.6235
https://doi.org/10.1002/ijc.24677
https://doi.org/10.1016/j.immuni.2019.06.025
https://doi.org/10.1186/s12943-025-02243-8
https://doi.org/10.1002/mnfr.200700380
https://doi.org/10.1016/S1875-5364(17)30062-6
https://doi.org/10.2174/1874467214666210120152657
https://doi.org/10.3389/fphar.2024.1513422
https://doi.org/10.2174/092986706777585095
https://doi.org/10.4167/jbv.2021.51.4.149
https://doi.org/10.3389/fimmu.2021.606069
https://doi.org/10.3389/fphar.2023.1144836
https://doi.org/10.1016/j.canlet.2004.09.041

2988 Pandi et al.

Asian J. Chem.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

V. Nandakumar, T. Singh and S.K. Katiyar, Cancer Lett., 269, 378 (2008);
https://doi.org/10.1016/j.canlet.2008.03.049

L. Reddy, B. Odhav and K.D. Bhoola, Pharmacol. Ther., 99, 1 (2003);
https://doi.org/10.1016/S0163-7258(03)00042-1

V. Benetou, P. Orfanos, P. Lagiou, D. Trichopoulos, P. Boffetta and A.
Trichopoulou, Cancer Epidemiol. Biomarkers Prev., 17, 387 (2008);
https://doi.org/10.1158/1055-9965.EPI-07-2665

N.D. Freedman, Y. Park, A.F. Subar, A.R. Hollenbeck, M.F. Leitzmann,
A. Schatzkin and C.C. Abnet, Int. J. Cancer, 122, 2330 (2008);
https://doi.org/10.1002/ijc.23319

B.M. Schmidt, J.W. Erdman Jr. and M.A. Lila, Cancer Lett., 231, 240
(2006);

https://doi.org/10.1016/j.canlet.2005.02.003

M.A. Shammas, P. Neri, H. Koley, R.B. Batchu, R.C. Bertheau, V.
Munshi, R. Prabhala, M. Fulciniti, Y.T. Tai, S.P. Treon, R.K. Goyal,
K.C. Anderson and N.C. Munshi, Blood, 108, 2804 (2006);
https://doi.org/10.1182/blood-2006-05-022814

R.P. Singh, A. Tyagi, G. Sharma, S. Mohan and R. Agarwal, Clin.
Cancer Res., 14, 300 (2008);
https://doi.org/10.1158/1078-0432.CCR-07-1565

K.H. Kwon, A. Barve, S. Yu, M.T. Huang and A.N. Kong, Acta
Pharmacol. Sin., 28, 1409 (2007);
https://doi.org/10.1111/j.1745-7254.2007.00694.x

S. Mercadante, G. Bellavia, A.L. Cascio, M. Dabbene, G. di Silvestre,
A. Casuccio, B. Orlando, T. Favara, C. Scibilia, M. Gueci, L. Adamoli,
M. Mauceri, A. de Lisi, M.L. Mauro and G. Pirajno, Support. Care
Cancer, 30, 2003 (2022);
https://doi.org/10.1007/s00520-021-06580-4

J.H. Martin and J. Patel, Intern. Med. J., 52, 1677 (2022);
https://doi.org/10.1111/imj.15922

M.H. Pan, Y.S. Chiou, M.L. Tsai and C.T. Ho, J. Tradit. Complement.
Med., 1, 8 (2011);

https://doi.org/10.1016/S2225-4110(16)30052-9

P. Bharathy and V. V. Thanikachalam, Pharmacol. Res. Mod. Chin.
Med., 14, 100565 (2025);
https://doi.org/10.1016/j.prmcm.2024.100565

C. Tao and C.M. Taylor, in eds.: Z.Y. Wu, P.H. Raven and D.Y. Hong,
Rubiaceae. In: Flora of China; Science Press: Beijing, China; vol. 19,
pp. 147-174 (2011).

C.J. Hu, J. He, G.Z. Li, P.P. Fang, J.D. Xie, Y.W. Ding, Y.Q. Mao and
K.F. Hu, Comput. Methods Programs Biomed., 174, 1 (2019);
https://doi.org/10.1016/j.cmpb.2018.10.019

L. Ou, M. Li and Y. Hou, Heliyon, 10, 28833 (2024);
https://doi.org/10.1016/j.heliyon.2024.e28833

X.G. Zhang, Ph.D. Dissertation, Isolation and Characterisation of the
Anti-Tumour Activity of Some Chinese Plants Used in Cancer
Treatment, The University of Manchester, U.K. (1995).

S. Wang, N. Yin, Y. Li, Z. Ma, W. Lin, L. Zhang, Y. Cui, J. Xia and
L. Geng, Front. Pharmacol., 15, 1355531 (2024);
https://doi.org/10.3389/fphar.2024.1355531

J. Shao, G. Gong and L. Trombetta, in eds.: W. Cho, An Evidence-Based
Perspective of Hedyotis diffusa or Oldenlandia diffusa (Spreading
Hedyotis) for Cancer Patients; In: Evidence-based Anticancer Materia
Medica, Dordrecht: Springer, pp. 123-136 (2011).

L. Xu, Y. Li, J. Ji, Y. Lai, J. Chen, T. Ding, H. Li, B. Ding and W. Ge,
J. Ethnopharmacol., 298, 115597 (2022);
https://doi.org/10.1016/j.jep.2022.115597

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

T. Efferth, P.C. Li, V.S. Konkimalla and B. Kaina, Trends Mol. Med.,
13, 353 (2007);

https://doi.org/10.1016/j.molmed.2007.07.001

J. Lin, Q. Li, H. Chen, H. Lin, Z. Lai and J. Peng, Oncol. Lett., 9, 1962
(2015);

https://doi.org/10.3892/01.2015.2956

P. Zhang, B. Zhang, J. Gu, L. Hao, F. Hu and C. Han, Cell Biochem.
Biophys., 72, 783 (2015);

https://doi.org/10.1007/s12013-015-0532-9

L. Wozniak, S. Skapska and K. Marszalek, Molecules, 20, 20614 (2015);
https://doi.org/10.3390/molecules201119721

M.K. Shanmugam, X. Dai, A.P. Kumar, B.K. Tan, G. Sethi and A.
Bishayee, Biochem. Pharmacol., 85, 1579 (2013);
https://doi.org/10.1016/j.bcp.2013.03.006

R. Samineni, P. Samathoti, S.A. Gouru, A. Khan, P.P. Sp, K. Manda,
V.K. M and N. Podila, Biomed. Pharmacol. J., 17, 1769 (2024);
https://doi.org/10.13005/bpj/2982

W. Ahmad, M.A. Ansari, A. Alsayari, D. Almaghaslah, S. Wahab,
M.N. Alomary, Q.M.S. Jamal, F.A. Khan, A. Ali, P. Alam and A.Y.
Elderdery, Pharmaceuticals, 15, 1348 (2022);
https://doi.org/10.3390/ph15111348

R. Chen, J. He, X. Tong, L. Tang and M. Liu, Molecules, 21, 710
(2016);

https://doi.org/10.3390/molecules21060710

M.C. Wei and Y.C. Yang, Sep. Purif. Technol., 130, 182 (2014);
https://doi.org/10.1016/j.seppur.2014.04.029

J. Manoharan, P.S.Kumari, V.R.Punithavathi, M.K.D. Jothinathan,
A. Arulanandam and D. Anbumani, Res. J. Pharm. Technol., 17, 5931
(2024);

https://doi.org/10.52711/0974-360X.2024.00899

B. Shah, P. Modi and S.R. Sagar, Life Sci., 252, 117652 (2020);
https://doi.org/10.1016/j.1fs.2020.117652

M.A. Abdelgawad, M.M. Al-Sanea, A. Musa, M. Elmowafy, A.K. El-
Damasy, A.A. Azouz, M.M. Ghoneim and R.B. Bakr, J. Inflamm. Res.,
15, 451 (2022);

https://doi.org/10.2147/JIR.S343263

F. Surrel, I. Jemel, E. Boilard, J.G. Bollinger, C. Payré, C.M. Mounier,
K.A. Talvinen, V.J. Laine, T.J. Nevalainen, M.H. Gelb and G.
Lambeau, Mol. Pharmacol., 76, 778 (2009);
https://doi.org/10.1124/mol.108.053371

H.Y. Hung, K.C. Cheng, P.C. Kuo, I.T. Chen, Y.C. Li, T.L. Hwang,
S.H. Lam and T.S. Wu, Antioxidants, 11, 335 (2022);
https://doi.org/10.3390/antiox11020335

J. Lin, Y. Chen, L. Wei, X. Chen, W. Xu, Z. Hong, T.J. Sferra and J.
Peng, Int. J. Oncol., 37, 1331 (2010);
https://doi.org/10.3892/ijo_00000686

Y. Yang, P. Liu, M. Zhou, L. Yin, M. Wang, T. Liu, X. Jiang and H.
Gao, Biochim. Biophys. Acta Mol. Basis Dis., 1870, 166880 (2024);
https://doi.org/10.1016/j.bbadis.2023.166880

M. Yasir, J. Park, E.T. Han, W.S. Park, J.H. Han, Y.S. Kwon, H.J. Lee
and W. Chun, ACS Omega, 8, 34160 (2023);
https://doi.org/10.1021/acsomega.3c05425



https://doi.org/10.1016/j.canlet.2008.03.049
https://doi.org/10.1016/S0163-7258(03)00042-1
https://doi.org/10.1158/1055-9965.EPI-07-2665
https://doi.org/10.1002/ijc.23319
https://doi.org/10.1016/j.canlet.2005.02.003
https://doi.org/10.1182/blood-2006-05-022814
https://doi.org/10.1158/1078-0432.CCR-07-1565
https://doi.org/10.1111/j.1745-7254.2007.00694.x
https://doi.org/10.1007/s00520-021-06580-4
https://doi.org/10.1111/imj.15922
https://doi.org/10.1016/S2225-4110(16)30052-9
https://doi.org/10.1016/j.prmcm.2024.100565
https://doi.org/10.1016/j.cmpb.2018.10.019
https://doi.org/10.1016/j.heliyon.2024.e28833
https://doi.org/10.3389/fphar.2024.1355531
https://doi.org/10.1016/j.jep.2022.115597
https://doi.org/10.1016/j.molmed.2007.07.001
https://doi.org/10.3892/ol.2015.2956
https://doi.org/10.1007/s12013-015-0532-9
https://doi.org/10.3390/molecules201119721
https://doi.org/10.1016/j.bcp.2013.03.006
https://doi.org/10.13005/bpj/2982
https://doi.org/10.3390/ph15111348
https://doi.org/10.3390/molecules21060710
https://doi.org/10.1016/j.seppur.2014.04.029
https://doi.org/10.52711/0974-360X.2024.00899
https://doi.org/10.1016/j.lfs.2020.117652
https://doi.org/10.2147/JIR.S343263
https://doi.org/10.1124/mol.108.053371
https://doi.org/10.3390/antiox11020335
https://doi.org/10.3892/ijo_00000686
https://doi.org/10.1016/j.bbadis.2023.166880
https://doi.org/10.1021/acsomega.3c05425

