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ABSTRACT

The bioactive compounds in Haplanthodes tentaculatus (L.) R. B. Majumdar has demonstrated significant potential in
addressing conditions like cancer, diabetes, inflammation, and microbial infections. This study employs high-resolution
liquid chromatography mass spectrometry and network analysis to investigate these chemicals. The methanolic extract
revealed 92 identified compounds, many of which exhibited inhibitory effects on MDA-MB-231 breast cancer cell growth.
Aclacinomycin N, Ganoderic acid Mb, Cucurbitacin I, and Hydroquinidine displayed notable inhibitory effects. The
extract demonstrated an IC value of 61.41+0.692 ug, showcasing its effectiveness in impeding cancer cell development.
While promising, further research is needed to unravel the specific molecular pathways involved. The identification
and characterization of distinct chemicals in the extract offer potential leads for medication development. This work
underscores H. tentaculatus as a vital source of bioactive substances with potent anticancer properties, emphasizing the
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need for continued exploration in advancing cancer therapies.
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INTRODUCTION

The role of plants as a source of bioactive compounds with
potential therapeutic properties has been widely acknowledged.
These bioactive metabolites have displayed encouraging potential
in the management of various illnesses, including cancer, diabetes,
inflammation, and microbial infections. Notably, cancer presents
a substantial global health issue, resulting in the loss of millions of
lives cach year (Dziedzifiski et al., 2021). In 2008 alone, developed
nations have experienced a high mortality rate due to cancer, with
7.6 million deaths recorded. However, emerging nations are also
witnessing an increase in cancer cases, with 64 percent of the
7.6 million fatalities in 2008 occurring in developing countries
(Ord, 2008; Seffrin et al., 2009) This rise in cancer cases can
be attributed to cancer-causing habits such as smoking and
unhealthy diets (Carocho & Ferreira, 2013).

The development, division, and death of cells in the human body
are typically controlled in a regulated manner. Cell death through

apoptosis, which involves caspase activation, is a programmed
mechanism to maintain cellular balance. However, when cells
evade apoptosis and continue to grow uncontrollably, they can
undergo neoplastic transformation, leading to the formation of
tumors-abnormal masses of tissue (Brown et al., 2023). Cancer, as a
collective term, comprises over 100 different diseases, each with its
epidemiology, risk factors, and originating from various cell types and
organs in the body (Rindi et al., 2018). Cancer is characterized by
uncontrolled cell proliferation that can spread to distant organs and
invade neighbouring tissues. Haplanthodes tentaculatus, belonging
to the Acanthaceae family, Lamiales order, and Magnoliopsida
class, is a flowering plant found exclusively in India, primarily
thriving in the biodiverse Western Ghats region. Also known as
H. tentaculatus or occasionally identified as H. tentaculata, this
species holds ecological significance as a distinctive component
of India’s rich floral diversity, particularly in the Western Ghats,
showcasing the unique and varied plant life indigenous to this
region (India Biodiversity Portal, n.d.; Singh et al., 2022) Studies
have indicated that phenolics and flavonoids derived from plants
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can act as potent anticancer agents by affecting the genes involved
in the transformation of normal cells into malignant ones, their
ability to metastasize, and their capacity for angiogenesis (Bhagya
& Chandrashekar, 2020). Traditional medicine often utilizes herbal
extracts with potential anticancer properties, but the mechanism
of action of these extracts remains to be fully understood.

To address this, a combination synergy model centred on
high-resolution liquid chromatography mass spectrometry
(HR-LCMS) and network analysis has been proposed (Banerjee
et al., 2021). This approach allows researchers to gain insight
into the mechanism of action of herbal extracts used in
traditional medicine (Ngoc et al., 2019). The study focused on
H. tentaculatus, as there were no previous investigations using
HR-LCMS data to explore its potential anti-cancer efficacy. To
evaluate the anticancer activity of the chemical compounds,
present in H. tentaculatus, the MDA-MB-231 cell line was
used as a reference (Mughees et al., 2020). The foundation of
numerous in vitro assessments concerning a cell population’s
reaction to external stimuli relies on the evaluation of cell
viability and proliferation. The MTT Cell Proliferation Assay
quantifies the rate of cell proliferation, and conversely, when
metabolic processes result in apoptosis or necrosis, it gauges the
decline in cell viability (Bastipatiet al., 2021; Senol et al., 2021).

The exploration of bioactive compounds from plants, such as
H. tentaculatus, holds great promise in the search for novel and
effective anticancer agents. Understanding the mechanisms
by which these compounds act on cancer cells is essential for
developing targeted and efficient therapeutic approaches. The
utilization of advanced analytical techniques, such as HR-
LCMS and network analysis, opens new avenues for research
in the field of natural products and cancer treatment. By
combining such techniques with cell viability and proliferation
assays like the MTT Cell Proliferation Assay, researchers can
gain a comprehensive understanding of the potential anticancer
efficacy of plant extracts. As rescarchers continue to deepen
their knowledge of the mechanisms behind these compounds’
anticancer properties, the possibility of developing targeted and
effective therapies becomes increasingly tangible, offering hope
for improved cancer treatments in the future.

MATERIALS AND METHODS
Plant Material

The plant material utilized in this study was obtained from
Uttan Gorai Road in Maharashtra, India, with coordinates
19.261 °N and 72.794 °E. The aerial portions of the plant
were dried at room temperature in the shade to prevent direct
sunlight. Blatter Herbarium at St. Xavier’s College in Mumbai
validated and identified the plant material, corresponding to

H. Santapau’s Herbarium (No. 21599).
Extraction

A total of 4 kg of pulverized plant material (Haplanthodes
tentaculatus) underwent maceration in 20 L of 96% methanol.
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The maceration process involved soaking the plant material
at 50 °C for 3 hours, followed by separation using a centrifuge
machine. Distillation at 50 °C collected methanol and the plant
extract separately.

HR-LCMS (High-Resolution Liquid Chromatography-
Mass Spectrometry)

The extracted compounds were analyzed using an Agilent
G6550A MS O-TOF HR-LCMS system equipped with an
electrospray ionization source (Dual AJS ESI). The analysis
was performed on a C18 column maintained at 40 °C. For
chromatographic separation, the mobile phase encompassed
solvent A - comprising 0.1% formic acid in water and solvent
B - consisting entirely of acctonitrile. The flow rate stood at
0.300 mL/min, with pressure consistently upheld at 1200 bar.
For the HR-LCMS analysis, a sample injection volume of 5 pL,
was used. The chromatographic gradient steps were as follows:
From 0 to 1 minute: The mobile phase was held at 5% - B.
From 1 to 25 minutes: A linear increase to 100% - B. From 25
to 30 minutes: The mobile phase was held at 100% - B. From
30 to 31 minutes: Return to 5% - B. From 31 to 35 minutes:
The mobile phase was held at 5% - B. The mass spectrometry
analysis was conducted over a range of 120 to 1200 m/z (mass-
to-charge ratio). The gas flow rate was set to 13 L/min, and the
gas temperature was maintained at 250 °C. The HR-LCMS
system was equipped with various components, including a Hip
sampler, Binary pump, Column comp., and Q-TOF.

This method allows for the separation, identification, and
quantification of compounds present in the methanolic extract
of H. tentaculatus using high-resolution liquid chromatography
coupled with mass spectrometry.

Anti-cancer Activity

The cancer cell lines were sourced from the National Centre
for Cell Science (NCCS) in Pune and were cultivated in
DMEM (Dulbecco’s Modified Eagle’s Medium) supplemented
with 10% Fetal Bovine Serum and 0.5 mL/L of penicillin/
streptomycin antibiotics. Incubation was performed in a
humidified environment with 5% CO2 and 95% air at 37 °C.
For the MTT assay, cells were treated with a series of doses
of the test compound, ranging from 5 to 100 ug/mL. Cancer
cells were trypsinized and seeded at a density of 5.0x 104 cells/
well in 96-well plates, followed by overnight incubation at
37 °C. Fresh medium with varying concentrations of the test
compound (5 to 100 pg/mL) was then added to respective wells
in triplicates, and the cells were incubated with the compound
for 48 hours in a CO2 incubator at 37 °C. Post-incubation, the
media with the test compound was discarded, and 100 uL of
MTT solution (0.5 mg/mL) was added to each well, followed
by a 3-hour incubation at 37 °C. During this period, viable cells
with active mitochondria reduced the MTT salt to form dark
purple formazan crystals. These crystals were solubilized with
Dimethyl Sulfoxide (DMSO), with gentle agitation to ensure
complete solubilization, and the optical density (OD) of the
solubilized formazan in DMSO was measured at 570 nm using
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amicroplate reader. The percentage growth inhibition in cancer
cells was calculated using the formula: Percentage Growth
Inhibition = [(OD control - OD treated)/OD control] * 100.

The MTT assay is a valuable method for evaluating the
cytotoxic potential of natural extracts on cancer cell lines. This
protocol allows for accurate measurement of cell viability and
cytotoxicity, making it a widely used approach in cancer research.
The obtained results can provide insights into the efficacy of the
tested natural extracts as potential anti-cancer agents, guiding
further investigations for drug development.

The determination of the IC; value was conducted employing
a linear regression equation:

y=mx+c. In this context, the values of y=50, as well as the
parameters m and ¢, were extrapolated from the viability graph.

RESULTS

The HR-LCMS analysis of the H. tentaculatus extract in
methanol revealed the identification of 92 distinct chemical
compounds. Notable among these compounds, including
Aclacinomycin N, Ganoderic acid Mb, Cucurbitacine E,
Hydroquinidine, and others, demonstrated potential cytotoxic
effects against MDA-MB-231 cells. Aclacinomycin N was
detected at a retention time (Rt) of 6.279 minutes with a
mass-to-charge ratio (in/z) of 811.3334 and a molecular weight
(MW) 0of 813.9 (C42H55NOI15). Ganoderic acid Mb exhibited
a retention time of 10.46 minutes, m/z of 629.3682, and MW
of 630.375 (C36H5409). Cucurbitacin E was identified at
19.41 minutes, with an m/z of 555.2961 and MW of 556.303
(C32H4408). Hydroquinidine was detected at 19.98 minutes,
with an m/z of 324.1916 and MW of 326.198 (C20H26N202).

Furthermore, our study identified compounds like Quinic
acid, Chlorogenic acid, and Bestatin, known for their potential
cytotoxic effects in different cell lines. These compounds also
possess various beneficial attributes, such as antioxidant, anti-
inflammatory, anti-bacterial, and anti-fungal activities (Qian
etal.,2016; Miao & Xiang, 2020; Benali et al., 2022). Additional
compounds, including Esmeraldic acid, Nitrendipine, and
Ohioensin-A, showcase diverse activities, such as anti-bacterial,
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anticonvulsant, neuroprotective, antioxidative, and anti-
inflammatory properties (Conley, 1996; Gémez-Aldapa et al.,
2018; Kim et al., 2020). It’s important to note that while our
study observed the cytotoxic effects of these compounds against
cancer cells, further validation is required to establish their
efficacy as anti-cancer agents. The MT'T assay used in our study
provides valuable insights into potential cytotoxicity but does
not definitively prove anti-cancer activity. Thus, these findings
serve as preliminary indicators warranting further investigation
through in vivo studies or clinical trials to confirm their anti-
cancer properties.

A comprehensive account of these compounds, along with their
detailed information, is presented in Table 1. The diversity of
functions and applications demonstrated by these compounds
highlights the complexity and potential of the H. tentaculatus
extract. This study not only underscores its potential as a
source of compounds with cytotoxic effects but also uncovers
promising avenues for its utilization in various fields. The
chromatogram presents the negative electrospray ionization
mass spectrometry (ESI MS) analysis of the methanol extract
obtained from H. tentaculatus, as illustrated in Figure 1.

The H. tentaculatus extract exhibited notable cytotoxic
effects against MDA-MB-231 cells, with an 1C50 value of
61.41+0.692. In comparison, the standard chemotherapeutic
agent, Cisplatin, exhibited an IC50 value of 23.47+0.423.
While these results suggest potential cytotoxicity, further
research is essential to confirm their anti-cancer efficacy. The
study focuses on evaluating the cytotoxic potential of a crude
plant extract using absorbance measurements at 570 nm. The
inhibitory effects of the extract on cancer cell viability, notably
at a concentration of 25 ug, underscore its cfficacy at this
dosage. The presented findings underscore the potential of
the H. tentaculatus extract as a valuable source of compounds
with cytotoxic effects.

However, to fully understand their therapeutic potential,
further research is required to elucidate the precise molecular
mechanisms responsible for the observed cytotoxic effects.
Additionally, the isolation and characterization of individual
compounds warrant exploration to assess their potential as drug
candidates for cancer treatment.

Table 1: Compounds identified by HR-LCMS from methanol H. tentaculatus extract

S. No. Compound Name Rt MW Formula [m/z] DB diff (ppm) Hits (DB)
1 Esmeraldic acid 5.883 518.153 C,,H,,N,0, 577.167 10.09 10
2 Aclacinomycin N 6.279 812.340 oM 811.333 1251.35 2
3 Nitrendipine 6.633 360.129 C,5H,0N,0, 419.143 6.58 8
4 Ohioensin-A 7.277 372.093 C,,H,,0. 431.107 16.99 3
5 Fructoselysine 6-phosphate 7.559 388.125 C,H,N,0 P 447.139 -2.3 3
6 Prunitrin 7.906 446.130 C,,H,,0,, 445.122 -19.66 9
7 Diacetylfusarochromanone 8.504 376.161 C,,H,,N,0, 435.175 5.79 9
8 Ganoderic acid Mb 10.46 630.375 C,H,,0, 629.368 2.24 7
9 Chaksine 11.111 450.293 C,,H,N,O, 449.286 4.65 10
10 Bestatin 12.304 308.174 16H,.N,0, 367.188 -1.31 3
11 Quinic acid 12.295 192.063 C,H,0, 237.061 2.28 1
12 Cucurbitacin E 19.410 556.303 C,,H,,0, 555.296 1.08 6
13 Hydroquinidine 19.981 326.198 C,,H,,N,0, 325.191 2.59 9
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Figure 1: Chromatogram of H. tentaculatus methanol extract HR-LCMS
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Figure 3: Cell growth of H. tentaculatus extract MDA-MB-231 breast
cancer cell line

In conclusion, this study provides valuable insights into the
chemical composition and potential cytotoxic effects of
H. tentaculatus extract in methanol. The identified compounds
hold promise as leads for future drug development, but further
validation is needed to confirm their anti-cancer properties.
The full Table 2, 3 and Figure 2 containing detailed compound
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Table 2: In vitro cytotoxicity testing of H. tentaculatus extract
by MTT assay on MDA-MB-231cell line

Concentration  Absorbance % Inhibition % Viability IC,, (ug)
(u9) (570 nm)

5 0.503 4.73 95.27 61.41+0.692
10 0.454 14.01 85.99

25 0.357 32.38 67.62

50 0.241 54.35 45.65

100 0.167 68.37 31.63

Untreated 0.528 0 100

Blank 0 0 0

Table 3: Cytotoxicity and cell growth inhibition parameter

S. No. Sample Name IC,, (ng/mL)

MDA-MB-231
1 Sample 61.41+0.692
2 Cisplatin (ug) 23.47+0.423

data and IC50 values are available in the original study. A visual
depiction, as shown in Figure 3, portrays the relationship
between cell growth inhibition of the MDA-MB-231 breast
cancer cell line and varying concentrations of H. tentaculatus
extract (5 ug, 10 pg, 25 ug, 50 ug, and 100 ug). Notably, the
concentration of 25 ug exhibited the most promising outcome
at the IC50 concentration, signifying a significant inhibitory
effect against the cancer cells.

DISCUSSION

The results of this study provide significant insights into
the anti-cancer potential of the methanolic extract of I1.
tentaculatus. The HR-LCMS analysis clucidated the chemical
composition of the extract, revealing the presence of 92
distinct chemical compounds. Notably, Aclacinomycin N,

Ganoderic acid Mb (C, I1,,0,), Cucurbitacin E (C,H,,0,), and

52t b s
Hydroquinidine (C, H,N,O,) demonstrated remarkable anti-
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cancer potential against MDA-MB-231 cells. These compounds
exhibited distinctive characteristics, including retention time,
mass-to-charge ratio (m/z), and molecular weight (MW).

Acompelling IC, valuc of 61.410.692 ug for the H. tentaculatus
methanolic extract was observed in the assessment of anti-cancer
activity against MDA-MB-231 cells. This value signifies the
concentration at which a 50% reduction in cancer cell viability
was achieved, highlighting the extract’s notable inhibitory
effect. In comparison, the established chemotherapeutic agent
Cisplatin exhibited an IC, value of 23.47+0.423, indicating
the promising potential of the extract in reducing cancer cell
proliferation.

The diverse activities observed among the identified compounds,
including Aclacinomycin N (C,,H,NO ), Ganoderic acid Mb,
Cucurbitacin E, and Hydroquinidine, underline their potential as
potent anti-cancer agents (Bourhia et al., 2021; Kerru et al., 2017;
Yang et al., 2018; Yavuz et al., 2023). The graphical representation
in Figure 2 illustrates the concentration-to-viability relationship
of the H. tentaculatus methanolic extract against MDA-
MB-231 cells, providing a clear visualization of the dose-dependent
nature of the extract’s anti-cancer effects. In summary, the study’s
results underscore the anti-cancer potential of the methanolic
extract of H. tentaculatus. The identification of compounds
like Aclacinomycin N, Ganoderic acid Mb, Cucurbitacin E, and
Hydroquinidine with notable anti-cancer effects highlights their
potential in cancer therapy. These outcomes provide valuable data
for further exploration and the potential development of novel
anti-cancer agents from natural sources. However, additional
research is essential to unravel the mechanistic basis of these
compounds’ anti-cancer cffects and to validate their suitability
as candidates for therapeutic applications in cancer treatment.

CONCLUSION

This rescarch showcases the potential of plant-derived
compounds, specifically from H. tentaculatus, as effective
inhibitors of cancer cell growth. Through advanced analytical
techniques and cell viability assays, the study identifies
key compounds like Aclacinomycin N, Ganoderic acid Mb,
Cucurbitacin E, and Hydroquinidine with significant inhibitory
properties. The findings emphasize the promise of natural
sources in developing targeted therapies for cancer treatment.
Further research is needed to understand the mechanisms
underlying these compounds’ effects and to harness their
potential for future drug development.

ACKNOWLEDGMENTS

I wish to extend my heartfelt gratitude to Dr. Vinayak Naik
for invaluable guidance in plant collection. A special thanks
to Dr. K S Laddha for his instrumental assistance and granting
permission for instrument usage. The analytical insights and
data from SAIE II'T Bombay’s HR-LCMS have been invaluable.
Additionally, I want to express my gratitude to Dr. Ashok Reddy
of Synteny Lifesciences Pvt. Ltd. for his essential assistance with
anticancer analytical testing and advice. Lastly, | appreciate

CurrBot e 2024 e Vol1s

Trivedi and Badole

Dr. Manoshree D. Mondal for her meticulous review, including
grammatical errors.

REFERENCES

Banerjee, S., Kar, A., Mukherjee, P. K., Haldar, P K., Sharma, N., &
Katiyar, C. K. (2021). Immunoprotective potential of Ayurvedic herb
Kalmegh (Andrographis paniculata) against respiratory viral infections
— LC-MS/MS and network pharmacology analysis. Phytochemical
Analysis, 32(4), 629-639. https://doi.org/10.1002/pca.3011

Bastipati, S. B., Kalyani, C., Tulasi, C. D. S. L. N., & Saida, L. (2021).
Anticancer Activity of Elytraria acaulis L. Extracts on Triple Negative
Breast Cancer Cell Line. International Journal of Pharmaceutical
Investigation, 11(4), 354-357. https://doi.org/10.5530/ijpi.2021.4.63

Benali, T., Bakrim, S., Ghchime, R., Benkhaira, N., El Omari, N.,
Balahbib, A., Zengin, G., Hasan, M. M., Bibi, S., & Bouyahya, A. (2022).
Pharmacological insights into the multifaceted biological properties
of quinic acid. Biotechnology and Genetic Engineering Reviews,
40(4), 3408-3437. https://doi.org/10.1080/02648725.2022.2122303

Bhagya, N., & Chandrashekar, K. R. (2020). Identification and quantification
of cytotoxic phenolic acids and flavonoids in /xora brachiata
by UHPLC-DAD and UHPLC-ESI-MS/MS. /nternational Journal
of Mass Spectrometry, 450, 116290. https://doi.org/10.1016/j.
ijms.2020.116290

Bourhia, M., Bouothmany, K., Bakrim, H., Hadrach, S., Salamatullah, A. M.,
Alzahrani, A., Alyahya, H. K., Albadr, N. A., Gmoubh, S., Laglaoui, A.,
El Mzibri, M., & Benbacer, L. (2021). Chemical Profiling, Antioxidant,
Antiproliferative, and Antibacterial Potentials of Chemically
Characterized Extract of Citrullus colocynthis L. Seeds. Separations,
8(8), 114. https://doi.org/10.3390/SEPARATIONS8080114

Brown, J. S., Amend, S. R., Austin, R. H., Gatenby, R. A., Hammarlund, E. U.,
& Pienta, K. J. (2023). Updating the Definition of Cancer. Molecular
Cancer Research, 21(11), 1142-1147. https://doi.org/10.1158/1541-
7786.MCR-23-0411

Carocho, M., & Ferreira, I. C. FE R. (2013). The Role of Phenolic Compounds
in the Fight against Cancer — A Review. Anti-Cancer Agents in
Medicinal Chemistry, 13(8), 1236-1258. https://doi.org/10.2174/18
715206113139990301

Conley, E. C. (1996). N-Methyl-D-aspartate (NMDA)-selective glutamate
receptor—channels. /on Channel Factsbook, 1, 140-233. https://doi.
org/10.1016/B978-012184450-9/50008-9

Dziedzinski, M., Kobus-Cisowska, J., & Stachowiak, B. (2021). Pinus Species
as Prospective Reserves of Bioactive Compounds with Potential Use
in Functional Food—Current State of Knowledge. Plants, 70(7), 1306.
https://doi.org/10.3390/PLANTS 10071306

Goémez-Aldapa, C. A., Rangel-Vargas, E., Torres-Vitela, M. R., Villarruel-
Lopez, A., Acevedo-Sandoval, O. A., Gordillo-Martinez, A. J.,
Godinez-Oviedo, A., & Castro-Rosas, J. (2018). Antibacterial Activities
of Hibiscus sabdariffa Extracts and Chemical Sanitizers Directly on
Green Leaves Contaminated with Foodborne Pathogens. Journal of
Food Protection, 81(2), 209-217. https://doi.org/10.4315/0362-028X.
JFP-17-053

India Biodiversity Portal. (n.d.). Species, Haplanthodes tentaculatus (L.)
R.B. Majumdarx, Retrieved from https://indiabiodiversity.org/species/
show/229874

Kerru, N., Singh, P, Koorbanally, N., Raj, R., & Kumar, V. (2017). Recent
advances (2015-2016) in anticancer hybrids. European Journal
of Medicinal Chemistry, 142, 179-212. https://doi.org/10.1016/J.
EJMECH.2017.07.033

Kim, S., Kim, J., Kim, N., Lee, D., Lee, H., Lee, D.-Y., & Kim, K. H. (2020).
Metabolomic Elucidation of the Effect of Sucrose on the Secondary
Metabolite Profiles in Melissa officinalis by Ultraperformance
Liquid Chromatography-Mass Spectrometry. ACS Omega, 5(51),
33186-33195. https://doi.org/10.1021/acsomega.0c04745

Miao, M., & Xiang, L. (2020). Pharmacological action and potential targets
of chlorogenic acid. Advances in Pharmacology, 87, 71-88. https://
doi.org/10.1016/bs.apha.2019.12.002

Mughees, M., Wajid, S., & Samim, M. (2020). Cytotoxic potential of
Artemisia absinthium extract loaded polymeric nanoparticles against
breast cancer cells: Insight into the protein targets. /nternational
Journal of Pharmaceutics, 586, 119583. https://doi.org/10.1016/j.
ijpharm.2020.119583

Ngoc, T. M., Phuong, N. T. T., Khoi, N. M., Park, S. J., Kwak, H. J.,

155



Trivedi and Badole

Nhiem, N. X., Trang, B. T. T,, Tai, B. H., Song, J.-H., Ko, H.-J., & Kim, S.
H.(2019). A new naphthoquinone analogue and antiviral constituents
from the root of Rhinacanthus nasutus. Natural Product Research,
33(3), 360-366. https://doi.org/10.1080/14786419.2018.1452004

Ord, T. (2008). The Scourge: Moral Implications of Natural Embryo
Loss. The American Journal of Bioethics, 8(7), 12-19. https://doi.
org/10.1080/15265160802248146

Qian, X., He, J., Zhao, Y., & Lin, M. (2016). Inhibition of p38 MAPK
phosphorylation is critical for bestatin to enhance ATRA-induced cell
differentiation in acute promyelocytic leukemia NB4 cells. American
Journal of Therapeutics, 23(3), e680-e689. https://doi.org/10.1097/01.
MJT.0000433950.01406.B3

Rindi, G., Klimstra, D. S., Abedi-Ardekani, B., Asa, S. L., Bosman, F T,
Brambilla, E., Busam, K. J., de Krijger, R. R., Dietel, M., EIl-Naggar, A. K.,
Fernandez-Cuesta, L., Kléppel, G., McCluggage, W. G., Moch, H.,
Ohgaki, H., Rakha, E. A., Reed, N. S., Rous, B. A., Sasano, H.,Cree, |. A.
(2018). A common classification framework for neuroendocrine
neoplasms: an International Agency for Research on Cancer (IARC)
and World Health Organization (WHO) expert consensus proposal.
Modern Pathology, 31(12), 1770-1786. https://doi.org/10.1038/
S41379-018-0110-Y

Seffrin, J. R., Hill, D., Burkart, W., Magrath, I., Badwe, R. A., Ngoma, T.,
Mohar, A., & Grey, N. (2009). It Is Time to Include Cancer and Other

156

Noncommunicable Diseases in the Millennium Development Goals.
CA. A Cancer Journal for Clinicians, 59(5), 282-284. https://doi.
org/10.3322/caac.20033

Senol, H., Tulay, P, Ergéren, M. C., Hanoglu, A., Calis, ., & Mocan, G. (2021).
Cytotoxic Effects of Verbascoside on MCF-7 and MDA-MB-231.
Turkish Journal of Pharmaceutical Sciences, 18(5), 637. https://doi.
org/10.4274/TJPS.GALENOS.2021.36599

Singh, R., Dhiman, M., Saklani, A., Selvaraj, C. I, & Kate, A. S. (2022).
Isolation and characterization of a novel flavanone glycoside from
an endemic plant Haplanthodes neilgherryensis. Journal of Asian
Natural Products Research, 24(1), 96-101. https://doi.org/10.1080/1
0286020.2021.1880394

Yang, Y., Zhou, H., Liu, W., Wu, J., Yue, X., Wang, J., Quan, L., Liu, H.,
Guo, L., Wang, Z., Lian, X., & Zhang, Q. (2018). Ganoderic acid A exerts
antitumor activity against MDA-MB-231 human breast cancer cells
by inhibiting the Janus kinase 2/signal transducer and activator of
transcription 3 signaling pathway. Oncology Letters, 16(5), 6515-6521.
https://doi.org/10.3892/0L.2018.9475

Yavuz, M., Sahin, B., Baykal, A. T., & Demircan, T. (2023). Hydroquinidine
displays a significant anticarcinogenic activity in breast and ovarian
cancer cells via inhibiting cell-cycle and stimulating apoptosis. Turkish
Journal of Biology, 47(1), 44-60. https://doi.org/10.55730/1300-
0152.2640

CurrBot e 2024 e Voli1s


https://doi.org/10.55730/1300-0152.2640
https://doi.org/10.55730/1300-0152.2640

