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ABSTRACT

Background: Black turmeric (Curcuma caesia Roxb.) exhibits various pharmacological properties,
including anticancer, antifungal, and antibacterial activities. Objective: This study evaluates the
cytotoxic and antiproliferative potential of crude methanolic rhizome extracts of black turmeric in
selected cell lines. Materials and methods: The crude methanolic extract was prepared by the Soxhlet
extraction method. Short-term cytotoxicity was determined by Trypan blue exclusion method in murine
cancer cells (DLA and EAC), whereas in vitro cytotoxicity was determined by MTT assay in human
cancer cell lines (Breast and lung cancer cells). The antiproliferative effect and induction of apoptotic
machinery were measured by clonogenic assay, and DNA laddering assay respectively. Results and
conclusion: The Trypan blue exclusion assay demonstrated ICso values of 207.69 + 18.74 pg/ml and
122.35 £ 1.29 pg/ml in Ehrlich Ascites Carcinoma (EAC) and Dalton’s Lymphoma Ascites (DLA) cells
respectively. Cytotoxicity assessment of the methanolic extract in A549 and MDA-MB-231 cell lines
yielded 1Cso values of 100.14+0.56 pg/ml and 165.43+1.76 pg/ml respectively, with negligible toxicity
to normal cell line. The clonogenic assay revealed significant inhibition of colony formation with the
crude extract suppressing colony formation by 80.2% in A549 cells and complete inhibition in MDA-
MB-231 cells at 1Cso concentration. DNA fragmentation analysis of the treated cell lines for apoptosis
showed no visible DNA shearing in agarose gel electrophoresis. Conclusion: The crude methanolic
extract of C. caesia showed a significant cytotoxic effect against murine and human cancer cells. It
significantly reduced colony formation, particularly in MDA-MB-231 cells. The mechanism of action
needs to be elucidated.

Keywords: Black turmeric, Trypan blue assay, MTT assay, Clonogenic assay, DNA fragmentation
assay.

INTRODUCTION

Cancer arises from genetic aberrations and disruptions in normal cellular regulatory mechanisms [,
According to the 2024 American Cancer Society report, cancer cases continue to rise, contributing to 9.7
million global deaths. Conventional treatments are expensive, often cause adverse health effects, and
lead to drug resistance, highlighting the urgent need for cost-effective and more efficacious therapeutic
alternatives. Plants have long been valued for their medicinal properties, with approximately 30 plant-
derived compounds currently in clinical trials for cancer treatment and over 3,000 plant species
documented for their anticancer potential [231. However, many traditionally recognized plant species with
anticancer properties remain unexplored, necessitating further research to develop novel therapeutics
against cancers.

Curcuma caesia Roxb., commonly known as black turmeric, belongs to the Zingiberaceae family. Its
bluish-black rhizome possesses numerous medicinal properties and has been traditionally used to treat
ailments such as piles, leprosy, bronchitis, asthma, wounds, diarrhoea, epilepsy, fever, menstrual
disorders, and infertility. Reports highlight its antifungal ), anti-ulcer [, antioxidant [®1, antibacterial [7],
and bronchodilatory properties (81,

The anticancer properties of C. caesia extracts have been reported against different cell lines. Ethanol
extract exhibited direct cytotoxicity against EAC cells, whereas the methanol extracts reduced tumor
volume and prolonged lifespan in mice 1%, The hexane extract demonstrated significant anti-
proliferative activity in HepG2 cell lines (ICso: 0.98pug/mL) and proved induction of cell arrest at
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G2/M phase along with cellular apoptosis ['11. Hexane extract showed
anti-proliferative effect against Hep2 (ICso: 7.8 pg/ml), HepG2 (ICso:
0.98 pg/ml), HT29 (ICso: 7.81pg/ml), and Vero cells (ICso: 50pg/ml).
These extracts upregulated pro-apoptotic proteins, resulting in induced
cell death 2, The aqueous ethanol extract exhibited no cytotoxic
activity against MCF-7 and 4T1 breast cancer cell lines, whereas the

ethanolic extract displayed cytotoxic activity in MCF-7 and 4T1 cells
[13]

This study aims to evaluate the anticancer and antiproliferative effects
of methanolic rhizome extracts of C. caesia in breast and lung cancer
cell lines and also EAC and DLA cells.

MATERIALS AND METHODS
Materials

Reagents and chemicals used in this study included Trypan blue
(Spectrum Pvt. Ltd., India), Dulbecco’s Modified Eagle’s Medium
(DMEM), Fetal Bovine Serum (FBS), antimycotic-antifungal solution
(Thermo  Fisher  Scientific),  3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT), 5 fluorouracil (5-FU), and
trypsin (HiMedia, Mumbai, India), ethanol, methanol (Merck,
Mumbai, India), and TRIzol reagent (Ambion). All reagents were of
analytical grade.

Methods
Preparation of extract

Rhizomes of Curcuma caesia were sourced from the Aromatic and
Medicinal Plants Research Station, Odakkali, Kerala. They were
dried, powdered and Soxhlet extracted ' using methanol at 60°C for
8 hours. The methanol was evaporated to obtain crude extract (figure
1) which was stored at -20°C and dissolved in ethanol (10 mg/ml)
before syringe filtration.

Short-term cytotoxicity assay

Murine tumour cells, Dalton’s Lymphoma Ascites (DLA) and
Ehrlich’s Ascites Carcinoma cells (EAC) were collected from the
peritoneal cavity of female Swiss albino mice maintained at the
Amala Cancer Research Centre, Thrissur, Kerala. DLA and EAC
cells were collected, washed with phosphate-buffered saline (PBS),
and prepared as a 1x108 cells/ml suspension. Various extract
concentrations (50-200 pg/ml) were incubated with 100 pl of stock
cell suspension at 37°C for 3 hours. Cells were stained with Trypan
blue, and live/dead cells were counted using a hemocytometer.
Cytotoxicity (%) was calculated as: % Cytotoxicity = (No. of dead
cells/Total no. of cells) x 100 (51,

Cytotoxicity of rhizome extract on cell lines

Breast cancer (MDA-MB-231), lung cancer (A549) and normal
(HEK-293) cell lines were obtained from the National Centre for Cell
Sciences, Pune and were maintained in 10% DMEM under 5% CO: at
37°C. A total of 5,000 cells/well were seeded in 96-well plates and
incubated for 24 hours at 37°C at 5% CO2. Extract at various
concentrations (50-250 pg/mL) was added, and cells were incubated
for 48 hours. 5-Fluorouracil served as a positive control, while ethanol
served as a negative control. After 48 hours, cell viability was
assessed using the MTT assay 6. MTT (1 mg/ml in PBS) was added
to the wells and incubated for 3 hours at 37°C in the dark. Formazan
crystals formed were solubilized with lysis buffer (DMSO:
Isopropanol, 1:1) and incubated at room temperature for 15 minutes.
The absorbance was measured at 570 nm. Cell viability (%) and
inhibition (%) were calculated as:

(i Cell Viability (%) = (OD treatment/OD control) x
100
(i) Inhibition (%) = 100 - Cell viability (%)

Clonogenic assay

A549 and MDA-MB-231 cells (1,000-2,000 cells/well) seeded in 6
well plates were incubated for 24 h and then treated with 1C1o, 1Cas,
and ICso concentrations of Curcuma caesia rhizome extract. The
control treatments included untreated cells, ethanol-treated cells, and
positive control (ICso of 5-Fluorouracil) [*7). After 48 h, the medium in
each well was replaced with fresh 10% DMEM, and the cells were
incubated for a week. The colonies were fixed with methanol, stained
with 1% crystal violet and counted. Plating efficiency and survival
rates were calculated as follows.

(i Plating Efficiency (PE) = (Colonies observed) /
(Number of cells seeded)

(i) Survival Fraction= Number of colonies counted /
Number of cells seeded x (PE /100)

Estimation of apoptosis

DNA laddering assay was performed using the modified protocol of
Chen et al. 1 and Aravind et al. [*91. A549 and MD-MB 231 cells
(500,000 cells per well) were treated with 1Cso, 1C2s, and ICio
concentrations of Curcuma caesia rhizome extract for 48 h. Controls
included untreated, ethanol-treated and 5 FU (I1Cso) treated cells. DNA
was extracted, washed with 70% ethanol, air-dried, and resuspended
in TE buffer. DNA was subjected to agarose gel electrophoresis (1.8%
gel, 100V, 2 h) using TBE buffer. DNA bands were visualized using a
gel documentation system (BIO-RAD).

RESULTS
Cytotoxic activity

The cytotoxicity of the crude methanolic extract of C. caesia (CCM)
was assessed against DLA and EAC cells using a short-term trypan
blue assay. CCM showed a dose-dependent cytotoxicity in DLA cells,
with an 1Cso value of 122.35+1.29 pg/ml. In EAC cells, the I1Cso value
was 207.69+18.74 pg/ml. The dose response curve is shown in Figure
2.

The CCM demonstrated moderate cytotoxicity against A549 and
MDA-MB-231 cell lines in a dose dependent manner. In A549 cells,
viability decreased to 50.75% at 100 pg/mL, whereas in MDA-MB-
231 cells, the viability dropped to 46.43% at 150 pg/mL (figure 3).
The 1Cso was 100.14+0.56 pg/ml for A549 and 165.43+1.76 pg/ml for
MDA-MB-231 cells. CCM did not exhibit any toxicity to HEK-293
cells up to the highest treated concentration (250 pg/ml). The ethanol
treated cells (vehicle control) showed a viability of 83.5% in A549
and 85% in MDA-MB-231. The lowest cell viability was observed in
positive control (5FU). In the presence of 5FU, the cell viability was
reduced to 48.3% in A549 and 41.5% in MDA-MB-231 at its
respective ICso values (10.32+0.69 uM for A549 cells 29 and 11.40
UM for MDA-MB-231) [2],

Morphological changes in A549 and MDA-MB-231 cells on treatment
with the crude rhizome extract were observed under a microscope as
shown in figure 4 and 5 respectively. The number of cells decreased
with an increase in the concentration of the methanolic C. caesia
rhizome extract. Morphological changes such as vacuole formation,
rounding and floating of the cells indicative of cytotoxicity were
observed in the treatment with the rhizome extract in a dose-
dependent way. In ethanol (vehicle) treated cells (both A549 cells and
MDA-MB-231 cells) the morphology was similar to their respective
control cells. In 5-FU treated cells, the viability was less, and the
morphology was changed, they became rounded in shape.
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Effect on reproductive death of cancer cells Estimation of Apoptosis

CCM significantly inhibited colony formation in A549 and MDA-  DNA was isolated from the cells treated with CCM and analysed on
MB-231 cell lines (figure 6 and 8). The survival fraction for each cell  an agarose gel (figure 10). No visible DNA fragmentation or shearing
line is plotted in figure7 and 9. At ICso, the extract inhibited colony  was observed on 1.8% agarose gel.

formation by 80.2% in A549 cells and 100% in MDA-MB-231 cells.

Figure 1: Extraction of C. caesia rhizome in methanol (A) C. caesia rhizome (B) Cross section of rhizome (C) Dried Rhizome
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Figure 2: In vitro cytotoxicity of crude methanolic extract
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Figure 3: In vitro cytotoxicity of crude methanolic extract of black turmeric on A549, MDA-MBM-231, and HEK-293 cells. VValues are expressed as mean + SD
of at two consecutive experiments
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Figure 4: Morphological changes of A549 cells when treated with methanolic extract of C. caesia rhizome (CCM). (A) Untreated (B) Ethanol treated (C) CCM
|C10 (D) CCM |C25 (E) CCM |Cso (D) 5FU |C50 Scalebar=100um

Figure 5: Morphological changes of MDA-MB-231 cells when treated with methanolic extract of C. caesia rhizome (CCM). (A) Untreated (B) Ethanol treated
(C) CCM ICy4 (D) CCM ICy5 (E) CCM ICs (D) 5FU (ICsp). Scalebar=100p
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Figure 6: Colony formation by MDA-MB-231 cells with a plating efficiency of 10.4 % treated with the CCM. (A) Control (B) Ethanol (C) CCM ICy, (D) CCM
IC25 (E) CCM ICs (F)5FU
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Figure 7: Survival fraction of MDA-MB-231 cell line treated with the methanolic rhizome extract in clonogenic assay

Figure 8: Colony formation by A549 cells with a plating efficiency of 21.2% when treated with the CCM. (A) Control (B) Ethanol (C) CCM ICy, (D) CCM ICys
(E) CCM ICs (F) 5-FU
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Figure 9: Survival fraction of A549 cell line treated with the methanolic rhizome extract in clonogenic assay
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Figure 10: Profile of genomic DNA isolated from (A) A549 and (B) MDA-MB-231 cells treated with CCM on 1.8% gel. Lane 1- Ladder; Lane 2-Untreated:
Lane3- CCM (ICs treated); Lane 4-CCM (ICs treated); Lane 5 -CCM (ICy, treated); Lane 6-5FU treated
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DISCUSSION

Curcuma caesia rhizome has been traditionally used for treating
various ailments, including cancer 22241, Several phytochemicals have
been identified in C. ceasia with known pharmaceutical properties.
Key components such as isoborneol, alloaromadendrene, trans
sesquisabinene hydrate, a-santalol, ar-turmerone, Megastigma-
3,7(E),9-triene, Retinal,9-cis, Androstenediol, (+)-2-Bornanone, 2-
Pentaone, Isoborneol, 4-hydroxy-4-methyl acid, exhibit anti-
inflammatory, anticancer, antibacterial, analgesic, antifungal,
antipyretic, antibronchitic and antioxidant properties [2529,

Earlier studies have reported that C.caesia acts against murine cancer
cells 19, In this study, showed the inhibitory effect of CCM against
both DLA and EAC cells. It showed ICso values of 207.69 + 18.74
pg/mL and 122.35 + 1.29 pg/mL in Ehrlich Ascites Carcinoma (EAC)
and Dalton’s Lymphoma Ascites (DLA) cells respectively. Earlier
reports showed that ethanol extract exhibited direct cytotoxicity
against EAC cells, whereas the methanol extracts reduced tumor
volume and prolonged lifespan in mice [°1],

Various studies highlight the cytotoxic and anticancer potential of C.
caesia. Campos et al., 3% demonstrated a potential anticancer activity
of its phenolic compounds against oropharynx cancer cells, with an
ICs0 of 30.13ug TE PC/ ml in FaDu and 13.36ug TE PC/ml in HaCat
cells. Mangla et al. B demonstrated its antioxidant activity, while
Borah et al., 32 reported anti-inflammatory and cytotoxic effects of
the essential oil from leaves. Shaikh et al., [¥3 found that an aqueous
extract exhibited moderate to weak cytotoxic activity against MCF-7,
HCT-116, and PA-1 cancer cell lines compared to the standard drug
5-FU. Mukunthan et al. 4l observed high cytotoxic potential (ICso:
0.98 pg/ml) of a hexane extract against liver cancer cell lines,
inducing apoptosis and cell cycle arrest. Similarly, inhibitory effects
on hepatocellular carcinoma in BALB/c mice were reported by
Hadem et al. 3. In the present study, the crude methanolic extract
demonstrated moderate cytotoxicity against lung (A549) and breast
(MDA-MB-231) cancer cell lines, 1Cso values of 100.14+0.56 pg/ml
and 165.43+1.76 pg/ml, after 48 hours of treatment, which are aligned
with the previous reports.

The extract selectively targeted cancer cells while sparing normal
HEK cells, a crucial feature of potential anticancer agents [36],
Comparing ICso values, the extract was more effective against lung
cancer (A549) than breast cancer (MDA-MB-231), though less
effective than 5-FU.

Cancer progression is characterized by hallmark features such as
unlimited replicative potential, invasion, and metastasis 7. A single
metastatic cancer cell can initiate secondary tumour growth and
recurrence. Effective anti-cancer drugs must inhibit the formation of
cancer cell colonies. The clonogenic assay assesses the reproductive
potential of individual cells 8. In this study, methanolic extract from
C. caesia rhizomes significantly inhibited colony formation by 80.2%
in A549 and complete inhibition in MDA-MB-231 cells. 5FU
completely inhibited colony formation in MDA-MB-231 cells. While
multiple Curcuma species exhibit antiproliferative effects, studies on
C. caesia remain limited. Shaikh et al. [ reported its antiproliferative
activity against various cancer cell lines, and Al-Amin et al. [39
demonstrated the inhibitory effects of curcuzederone, a bioactive
compound from C. caesia rhizome on MDA-MB-231 metastasis.

The DNA laddering assay was conducted to assess apoptosis as the
mechanism of cell death. Apoptosis involves intrinsic, extrinsic, and
caspase-dependent/independent pathways [B7401,  Apoptotic cells
exhibit DNA fragmentation, forming a characteristic ‘ladder’ pattern
on agarose gel electrophoresis 1. However, in this study, no
laddering pattern was observed, suggesting an alternative mode of cell
death.

This study highlights that the methanolic extract of Curcuma caesia
rhizome is selectively cytotoxic and anti-proliferative to lung (A549)

and breast cancer (MDA-MB-231) cell lines without causing any
cytotoxicity to normal cell line (HEK-293) at the tested
concentrations. Many plant-derived anti-cancer compounds are
reported to induce apoptosis [“24%1, However, the crude methanolic
extract of C.caesia did not induce significant DNA fragmentation,
indicating an alternative cell death pathway other than apoptosis. Non-
apoptotic mechanisms such as autophagy, necrosis, mitotic
catastrophe, or senescence may contribute to its cytotoxic effects 4],

CONCLUSION

The present study demonstrates that the crude methanolic extract of
Curcuma caesia rhizome exhibits selective cytotoxicity and anti-
proliferative activity against lung (A549) and breast (MDA-MB-231)
cancer cell lines while sparing normal HEK-293 cells. The extract
effectively inhibited cancer cell viability in a dose-dependent manner
and significantly reduced colony formation, particularly in MDA-MB-
231 cells. However, the absence of DNA fragmentation suggests that
its cytotoxic mechanism may involve alternative pathways beyond
apoptosis, such as autophagy, necrosis, or mitotic catastrophe. These
findings highlight the potential of C. caesia as a natural source of
anticancer compounds, warranting active compound isolation to
elucidate its precise mode of action and therapeutic potential.

Acknowledgements
The authors gratefully acknowledge Kerala Agriculture University for
the funds and facilities provided for the research. We also
acknowledge Amala Cancer Research Centre for the animal
experimental facility.

Conflict of interest
The authors declared no conflict of interest.
Financial Support

None declared.

ORCID ID

Gayathri Sanalkumar Prajeetha: https://orcid.org/0009-0003-9895-
7360

Arya Krishnan Kalarikkal: https://orcid.org/0009-0001-1771-2077

Soni  Kallamparambil Balakrishnan: https://orcid.org/0000-0003-

2485-3887

Swapna Alex: https://orcid.org/0000-0002-5903-6767

Ancy Joseph: https://orcid.org/0000-0002-6939-5886

Sindura Kunhikrishnan Premakumari: https://orcid.org/0000-0002-

2462-1907

REFERENCES

1. Tian T, Olson S, Whitacre JM, Harding A. The origins of
cancer robustness and evolvability. Integr Biol. 2011;
3(1):17-30.

2. Gali-Muhtasib H, Hmadi R, Kareh M, Tohme R, Darwiche
N. Cell death mechanisms of plant-derived anticancer drugs:
beyond apoptosis. Apoptosis. 2015; 20:1531-62.

3. Choudhari AS, Mandave PC, Deshpande M, Ranjekar P,
Prakash O. Phytochemicals in cancer treatment: From
preclinical studies to clinical practice. Frontiers in
pharmacology. 2020; 10:1614.

4. Banerjee A, and Nigam SS. Antifungal activity of the
essential oil of Curcuma caesia Roxb. Indian J Med Res.
1976: 1318-1321.

93


https://orcid.org/0009-0003-9895-7360
https://orcid.org/0009-0003-9895-7360
https://orcid.org/0009-0001-1771-2077
https://orcid.org/0000-0003-2485-3887
https://orcid.org/0000-0003-2485-3887
https://orcid.org/0000-0002-5903-6767
https://orcid.org/0000-0002-6939-5886
https://orcid.org/0000-0002-2462-1907
https://orcid.org/0000-0002-2462-1907

The Journal of Phytopharmacology

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Das S, Bordoloi PK, Phukan D, Singh S. Study of the anti-
ulcerogenic activity of the ethanolic extracts of rhizome of
Curcuma caesia (eecc) against gastic ulcers in experimental
animals. Asian J Pharm Clin Res. 2012; (2):200-3.

Mangla M, Shuaib J, Kashyap M. In- vitro evaluation of
antioxidant activity of Curcuma caesia Roxb. Int J Pharm
Sci Res. 2010;1(9):98-102. 44.

Rajamma AG, Bai V, Nambisan B. Antioxidant and
antibacterial activities of oleoresins isolated from nine
Curcuma species. Phytopharmacology. 2012;2(2):312-7.
Paliwal P, Pancholi SS, Patel RK. Pharmacognostic
parameters for evaluation of the rhizomes of Curcuma
caesia. J Adv Pharm Tech Res. 2011; 2(1):56-61.

Karmakar I, Dolai N, Suresh Kumar RB, Kar B, Roy SN,
Haldar PK. Antitumor activity and antioxidant property of
Curcuma caesia against Ehrlich’s ascites carcinoma bearing
mice. Pharm Biol. 2013;51(6):753-9.

Karmakar I, Saha P, Sarkar N, Bhattacharya S, Haldar PK.
Neuropharmacological assessment of Curcuma caesia
rhizome in experimental animal models. Orient Pharm Exp
Med. 2011; 11:251-5.

Mukunthan KS, Satyan RS, Patel TN. Pharmacological
evaluation of phytochemicals from South Indian Black
Turmeric (Curcuma caesia Roxb.) to target cancer
apoptosis. J Ethnopharmacol. 2017; 209:8290-33.

Lowe SW, Lin AW. Apoptosis in cancer. Carcinogenesis.
2000; 21(3):485-95.

Hairunisa I, Da’l M, Wikantyasning ER, Bakar MFA.
Cytotoxic activity of water and ethanol extract of Curcuma
caesia (black turmeric) on breast cancer cell line. Food Res.
2024,8(S5):86-92. doi:10.26656/fr.2017.8(S5).25
Gopalasatheeskumar K. Significant role of soxhlet
extraction process in phytochemical research. Mintage
Journal of Pharmaceutical & Medical Sciences.
2018;7(1):43-7.

Strober W. Trypan blue exclusion test of cell viability. Curr
Protoc Immunol. 1997; 21(1): A-3B.

Mosmann T. Rapid colorimetric assay for cellular growth
and survival: application to proliferation and cytotoxicity
assays. J Immunol Methods. 1983; 65(1-2):55-63.

Puck TT, Marcus PI. Action of x-rays on mammalian cells.
The Journal of experimental medicine. 1956;103(5):653-66.
loannou YA, Chen FW. Quantitation of DNA fragmentation
in apoptosis. Nucleic Acids Research. 1996;24(5):992-3.
Aravind SR, Joseph MM, Varghese SH, Balaram PR,
Sreelekha TT. Polysaccharide PST001 isolated from the
seed kernel of Tamarindus indica induces apoptosis in
murine cancer cells. Int J Life Sci Pharm Res. 2012; 2:159-
72.

Pan X, Zhang X, Sun H, Zhang J, Yan M, Zhang H.
Autophagy inhibition promotes 5-fluorouraci-induced
apoptosis by stimulating ROS formation in human non-
small cell lung cancer A549 cells. PloS one. 2013;
8(2):56679.

AboulWafa OM, Daabees HM, Badawi WA. 2-
Anilinopyrimidine derivatives: Design, synthesis, in vitro
anti-proliferative activity, EGFR and ARO inhibitory
activity, cell cycle analysis and molecular docking study.
Bioorg Chem. 2020; 1:99-103798.

Liu Y, Roy SS, Nebie RHC, Zhang Y, Nair MG. Functional
food quality of Curcuma caesia, Curcuma zedoaria and
Curcuma aeruginosa Endemic to Northeastern India. Plant
Foods Hum Nutr. 2013;68(1):72—7.

Dewangan MK, Dwivedi C, Sivna PL, Rao SP, Yadav R,
Chandrakar K, et al. Medicinal value of Curcuma cassia
Roxb: an overview. Earth journals. 2014;3(4):1-9.
Venugopal AR, Rinu KA, Joseph DH. Medicinal properties
of black turmeric: A review. Innoriginal International
Journal of Science. 2017 ;4(3):2-5.

Tohda C, Nakayama N, Hatanaka F, Komatsu K.
Comparison of anti-inflammatory activities of six Curcuma

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

rhizomes: a possible curcuminoid-independent pathway
mediated by Curcuma phaeocaulis extract. Evid -Based
Complementary Altern Med. 2006;3(2):255-60.

Behar N, Tiwari KL, Jadhav SK. Comparative
phytochemical screening of bioactive compounds in
Curcuma caesia Roxb. and Curcuma longa.2013:113-118
Arulmozhi DK, Sridhar N, Veeranjaneyulu A, Arora SK.
Preliminary mechanistic studies on the smooth muscle
relaxant effect of hydroalcoholic extract of Curcuma caesia.
J Herb Pharmacother. 2006; 6(3-4):117-24.

Pakkirisamy M, Kalakandan SK, Ravichandran K.
Phytochemical screening, GC-MS, FT-IR analysis of
methanolic extract of Curcuma caesia Roxb (Black
Turmeric). Phcog J. 2017;9(6).

Chitra R, Janaki D, Jansirani P. Analysis of bioactive
components of acetone rhizome extract of black turmeric
(Curcuma caesia Roxb.) through Gas Chromatography-
Mass Spectrometry (GC-MS). Current advances in
agricultural sciences. 2020: 44-48.

Campos ADS, Silva ACG, Braga PAC. Organic Curcuma
caesia Roxb. extract induces p21 expression and G0/G1 cell
cycle arrest in FaDu oropharyngeal cancer cells. Nov Tech
Nutri Food Sci. 2022;6(4):595-605.

Mangla M, Shuaib J, Kashyap M. In- vitro evaluation of
antioxidant activity of Curcuma caesia Roxb. Int J Pharm
Sci Res. 2010;1(9):98-102. 44.

Borah A, Paw M, Gogoi R, Loying R, Sarma N, Munda S,
et al. Chemical composition, antioxidant, anti-inflammatory,
anti-microbial and in-vitro cytotoxic efficacy of essential oil
of Curcuma caesia Roxb. leaves: An endangered medicinal
plant of North East India. Ind Crops Prod. 2019; 129:448-
54.

Shaikh AM, Shrivastava B, Apte KG, Parab PB, Sharma P,
Navale SD, Paygude SV. In-vitro screening of some
medicinal plants on breast, ovary and colon cancer cell
lines. Int J Pharm Bio Sci. 2016;7(2):11-7.

Mukunthan KS, Satyan RS, Patel TN. Pharmacological
evaluation of phytochemicals from South Indian Black
Turmeric (Curcuma caesia Roxb.) to target cancer
apoptosis. J Ethnopharmacol. 2017; 209:8290.33.

Hadem KL, Sharan RN, Kma L. Phytochemicals of
Aristolochia tagala and Curcuma caesia exert anticancer
effect by tumor necrosis factor-a-mediated decrease in
nuclear factor kappaB binding activity. Journal of basic and
clinical pharmacy. 2015 ;7(1):1.

Janssen P. How to design the ideal drug of the future.
InMarihuana and Medicine 1999 (pp. 327-331). Totowa,
NJ: Humana Press.

Hanahan D, Weinberg RA. The hallmarks of cancer. cell.
2000; 100(1):57-70.

Franken NA, Rodermond HM, Stap J, Haveman J, Van Bree
C. Clonogenic assay of cells in vitro. Nature protocols.
2006;1(5):2315-9.

Al-Amin M, Eltayeb NM, Khairuddean M, Salhimi SM.
Bioactive chemical constituents from Curcuma caesia
Roxb. rhizomes and inhibitory effect of curcuzederone on
the migration of triple-negative breast cancer cell line
MDA-MB-231. Nat Prod Res. 2021;35(18):3166-70.

Lowe SW, Lin AW. Apoptosis in cancer. Carcinogenesis.
2000; 21(3):485-95.

Compton MM. A biochemical hallmark of apoptosis:
internucleosomal degradation of the genome. Cancer
Metastasis Rev. 1992; 11:105-19.

Pillai GR, Srivastava AS, Hassanein TIl, Chauhan DP,
Carrier E. Induction of apoptosis in human lung cancer cells
by curcumin. Cancer lett. 2004; 208(2):163-70.

Choi EJ, Kim GH. 5-Fluorouracil combined with apigenin
enhances anticancer activity through induction of apoptosis
in human breast cancer MDA-MB-453 cells. Oncol rep.
2009;22(6):1533-7.



The Journal of Phytopharmacology

44,

45.

Lv L, Zheng L, Dong D, Xu L, Yin L, Xu Y, Qi Y, Han X,
Peng J. Dioscin, a natural steroid saponin, induces apoptosis
and DNA damage through reactive oxygen species: a
potential new drug for treatment of glioblastoma
multiforme. Food and Chemical Toxicology. 2013 Sep 1;
59:657-69.

Lv ZD, Liu XP, Zhao WJ, Dong Q, Li FN, Wang HB, Kong
B. Curcumin induces apoptosis in breast cancer cells and

HOW TO CITE THIS ARTICLE

Prajeetha GS, Kalarikkal AK, Balakrishnan SK, Alex S, Joseph A,
Premakumari SK. Curcuma caesia rhizome extract shows selective
cytotoxicity and antiproliferative effect against lung and breast cancer cell
lines. J Phytopharmacol 2025; 14(2):87-95. doi:
10.31254/phyt0.2025.14203

Creative Commons (CC) License-
This article is an open access article distributed under the terms and conditions of the

Creative Commons Attribution (CC BY 4.0) license. This license permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and
source are credited. (http://creativecommons.org/licenses/by/4.0/).

Supplementary part

Table 1: Concentration and percentage inhibition of the extract in each cell

inhibits tumor
journal  of

growth in vitro and in vivo. International
clinical and experimental pathology.

2014;7(6):2818.

46. Gali-Muhtasib H, Hmadi R, Kareh M, Tohme R, Darwiche

N. Cell death mechanisms of plant-derived anticancer drugs:

beyond apoptos

is. Apoptosis. 2015; 20:1531-62.

Concentration Inhibition
EAC DLA
0 0 0
50 5.55+0.323 10.803+0.669
100 10.4740.315 27.4922+1.177
200 53.78+4.052 94.41555+0.076
1Cs 207.69+18.74 122.35+1.289

Table 2: Concentration and percentage inhibition of the extract in each cell lines. ICso of the extract in A549 and MDA-MB-231 are also given.
Values are expressed as mean + SD of at least two consecutive experiments

Cytotoxicity in A549

Cytotoxicity in MDA-MB- 231

Concentration % inhibition Concentration % inhibition Concentratio
(Hg/ml) (Hg/ml) n (ug/ml)
0 0 0 0 0
25 20.085+.459 50 15.195+0.785 50
50 16.38+.891 100 28.025+0.445 100
75 37.49+1.598 150 46.43+1.075 150
100 50.75+.665 200 65.42+1.838 200
125 61.14+.806 250 71.85+.481 250
150 76.88+.184
1Cso 100.139+.562 1Cso 165.43+1.76
Table 3: TBE buffer composition: TBE Buffer (5x) for 1 litre
Component Mass
Tris base S4¢g
Boric acid 275¢g
0.5M EDTA 20 ml

Cytotoxicity in HEK-293

% inhibition
0
0
2.9725+0.308
4.805+0.233
6.9351+0.431
8.885+0261

95



