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Abstract: Curcuma longa (turmeric) is a plant that has been
extensively utilized in traditional medicine for centuries.
Turmeric has a long history of use in both food and tradi-
tional medicine for the treatment of ailments such as diar-
rhea, cancer, flatulence, and dyspepsia. In Palestine, this
plant was cultivated for the first time. The objective of this
study was to characterize the extract of C. longa and assess
its antimutagenic activity against a variety of cancer cells.
Gas chromatography-mass spectrometry (GC-MS) and high-
performance liquid chromatography (HPLC) methods were
employed to identify the constituents of turmeric. The cyto-
toxic effects of C. longa were evaluated on cancer and normal
cell lines using the 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxy-
methoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium assay. The
results revealed the presence of 10 components in turmeric
extract as identified by GC-MS. The major constituents com-
prising 78% of the total constituents were a-zingiberene
(27.51%), tumeron (19.44%), B-sesquiphellandrene (19.40%),
and aromatic-tumeron (11.63%). HPLC analysis successfully
separated the main constituent, curcumin (1.78%), along with
two other curcumin derivatives. The cytotoxicity results
demonstrated potent anticancer activity of the C. longa
extract against HeLa and LX2 cell lines, with ICs, values of
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46.84 + 212 and 29.77 £ 1 ug/mL, respectively. Furthermore,
the plant extract at a concentration of 250 ug/mL exhibited
over 95% inhibition against all tested cancer cell lines. These
findings highlight the promising potential of turmeric as a
natural source with powerful anticancer activities. Moreover,
the extract may possess other biological activities such as
antioxidant and antimicrobial properties, which could be
explored in future studies.
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1 Introduction

The use of medicinal plants in traditional medicine has
been vital for the treatment of ailments since ancient times
[1]. The induction of cytotoxicity is one of the most impor-
tant signs of anticancer medicines. People with cancer
regularly utilize herbal therapies or herbal supplements,
according to several surveys [2]. Turmeric (Curcuma longa
L. is a perennial rhizomatous herbaceous plant in the Zin-
giberaceae family, native to South Asia [3]. It is commonly
cultivated as a spice and medicinal herb in tropical and
subtropical regions around the world [4]. While turmeric
is mostly grown as a commercial crop, it can also grow
wildly in certain regions [5].

C. longa is a tropical herb and requires a warm and
humid climate to grow. It thrives in well-draining soil and
requires a lot of rainfall or irrigation to grow successfully [6].

Phytochemical components of C. longa in various tis-
sues have been investigated extensively. Since its dis-
covery, at least 235 phytochemicals, mostly terpenoids
and phenolic molecules, have been identified from this
herb, e.g., 22 diarylheptanoids and diarylheptanoids, 2
alkaloids, 4 sterols, 3 triterpenoids, more than 100 sesqui-
terpenes, 5 diterpenes, 68 monoterpenes, 8 phenylpropene
and other phenolic molecules, and 14 other compounds [7].
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Diarylheptanoids (curcuminoids) and essential oils (EOs)
are the two major classes of bioactive constituents in C. longa
rhizomes, with a wide range of in vivo and in vitro assay
bioactivities [8]. Curcuminoids are predominantly found in
C. longa rhizomes [9]. Monoterpenes predominate in EOs
extracted from flowers and leaves, whereas sesquiterpenes
predominate in EOs extracted from rhizomes and roots
[10,11]. Although there are considerable differences in the
composition of the EOs of C. longa rhizomes with varieties
and geographic regions, the concentrations of curcuminoids
in C. longa rhizomes fluctuate often with cultivation condi-
tions, sources, locations, and varieties [12,13].

Moreover, the quantities of curcuminoids and EOs
vary depending on the extraction technique used, and
both are unstable throughout the extraction and storage
phases. As a consequence, there is a wide range in quality
among commercialized C. longa product offerings [14].

While curcumin, demethoxycurcumin, and bisdemethox-
ycurcumin have been utilized as biomarkers for the quality
control of extracts, powders, and C. longa rhizomes products,
Ar-turmerone, a-turmerone, and B-turmerone are utilized for
the quality control of C. longa oleoresin and EO products [7].

However, there are a number of modifiable risk factors,
such as smoking and drinking alcohol intoxicatingly [15].

Therefore, the current investigation aims to identify the
chemical components of C. longa rhizome extract cultivated
in Palestine for the first time using gas chromatography-
mass spectrometry (GC-MS) and high-performance liquid
chromatography (HPLC) techniques and estimate their cyto-
toxic effect using an 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxy-
methoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) assay.

2 Material and methods

2.1 Plant material

The C. longa plant rhizomes were harvested from Sarra
Turmeric farm located in Nablus city, Palestine in November
2022. The characterization of the plant species was conducted
in the Pharmacognosy Laboratory at An-Najah National
University, and the plant sample was deposited in the
same laboratory with a voucher specimen code of Pharm-
PCT-2709.

The fresh rhizomes were cleaned well with running
tap water for 30 min and rinsed with distilled water sev-
eral times until they were finally cleaned well. The clean
rhizomes were chopped into small pieces, and 235.34 g of the
plant material was placed in a 1L glass bottle and macerated
for 5days with 500 mL dichloromethane (DCM) solvent.
Then, the mixture was filtered. The filtrate was left in the
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fume hood for the evaporation process of DCM for 1week.
After that, the extract resulting from evaporation was
transferred into a container by dissolving the extract with
a small amount of hexane for ease of transportation and
then left without a cover to evaporate for 2 days [16]. The
C. longa plant rhizomes DCM extract yield was 4.46%.

2.2 GC-MS assessment

The GC-MS techniques were used to identify C. longa plant
rhizomes DCM extract, which was examined by a Perkin
Elmer Clarus 500 gas chromatograph with a Perkin Elmer
Clarus 560 mass spectrometer. SLB™-5ms fused-silica capillary
column (30 m x 0.25 mm, film thickness 0.25 ym) was utilized
to perform the separation. The temperature of the oven,
including the column, was set to rise by 4°C every minute,
beginning at 50°C and ending at 280°C. Helium was used as
a carrier gas at a constant flow rate of 1 mlL/min during the
whole chromatographic run. At a temperature of 250°C, 1 pL of
the tested extract was dissolved in methanol and then injected
in split mode with a split ratio of 1:50. The National Institute of
Standards and Technology’s MS Data Center reference spectra
were compared to the mass spectra of the chemical compo-
nents, and their Kovats retention indices were compared to
values given in the literature. The Kovats Retention Index
for each compound was calculated using the retention time
value from the Hydrocarbon Alkane Standard [17].

2.3 HPLC analysis
2.3.1 HPLC conditions

The HPLC technique was used to analyze the curcumin and
curcuminoids in C. longa plant rhizomes DCM extract. The
reverse phase chromatography analytical method was per-
formed using Binary HPLC Pump Waters 1525 with a six-port
manual injector and a Waters 2998 diode array detector by
425 nm (for curcuminoids) for chromatograms, and Breeze 2
software was utilized for instrument control, data collection,
and data processing. The mobile phase was an isocratic
combination of acetonitrile 50% and water 50% with a
flow rate of 1 mL/min. The injection volume for all samples
and standard solutions was 20 uL. The column Symmetry
Shield™ RP-18 5 um 4.6 x 250 mm was used.

2.3.2 HPLC procedure

2.3.2.1 Sample preparation
About 87mg of C. longa plant rhizome extract was trans-
ferred into a 10 mL volumetric flask. Then, add 6 mL of



DE GRUYTER

Analysis of anticancer activities of Curcuma longa extract = 3

turnaric25_8_2022_1 Scan El+
100 3088 _ TiC
119 5.08e7
Area 2333456
3176
93
1645580
35.93
53
1648908
3597
% e
9861113
30.43
132
62766 36.84
20
610901
’QQ_D!
74
14.18 30.09 273231
i1 1642 2454 278913 3:,01 = 3747 4035
175 | 141667 aalli 209 57 g7 337744 £ 37 176
i 93 5 57 N 110769 128681 %828
l 40270 5638 51642 80773 5389 N 61231
4339 i ; L |
g T yo— o e = Time
10.27 15.27 20.27 25.27 30.27 35.27 40.27

Figure 1: GC-MS of Palestina Turmeric rhizome extraction.

methanol and sonicate while stirring to dissolve the mix-
ture, then complete the volume with methanol. The small
portion was filtered through a 0.45 um syringe filter and
injected into the HPLC system.

2.3.2.2 Standard preparation

A stock solution (1000 mg/mL) was prepared by weighing an
equivalent quantity of standard curcumin. The weighed
substance was then placed into a 100 mL volumetric flask,
followed by the addition of 60 mL of methanol. After sonica-
tion and thorough mixing, the solution was finally brought
up to a total volume of 100 mL using methanol. Filter the
portion through a 0.45 um membrane. To prepare the stan-
dard (0, 50, 150, 200, 250, 300 pg/mL), add 0.5,1, 1.5, 2, 2.5, and
3 mL of stock standard to six volumetric flasks (100 mL). Add
60 mL methanol and sonicate and mix to dissolve the mix-
ture, complete the volume, and then inject the standards.

2.4 Cytotoxicity method

RPMI 1640 medium was used as a culture medium to grow
skin tumors (B16-F1), colorectal adenocarcinoma (COLO

205, Caco-2), cervical adenocarcinoma (HeLa), and human
hepatic stellate (LX-2) with 1% r-glutamine, 1% penicillin/
streptomycin, and 10% fetal bovine serum added. The cells
were cultured in a humidified environment at 37°C with a
5% CO, atmosphere, and a 96-well plate was then used to
seed the cells at 5 x 10° cells/well. After 48 h cells were incu-
bated with various concentrations (10, 50, 100, 500, and
700 pug/mL) of the tested aromatic oil and Doxorubicin for
24h. According to the package recommendations, the Cell-
Tilter 96® Aqueous One Solution Cell Proliferation (MTS)
bioassay (Promega Corporation, Madison, WI) was used
to measure the cell viability. After the treatment, 20 uL of
MTS solution per 100 uL of media was added to each well,
and the plates were incubated for 2h at 37°C. The absor-
bance was measured using a ultraviolet-visible spectro-
photometer (490 nm) [18,19].

2.5 Statistical analysis

All the data of cytotoxicity activity were presented as the
average of triplicate analyses. The outcomes were pre-
sented as means + standard deviation (SD).
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Table 1: Chemical composition of C. longa rhizome extract
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Chemical constituent R.T (min) K.R.I LRI Area % content + SD
Eucalyptol 14.21 1030.353 1,030 141,667 1.67 + 0.65
Terpinolene 16.43 1082.588 1,082 40,270 0.47 + 0.01
a-Curcumene 30.44 1473.054 1,473 627,661 7.40 £ 0.12
a-Zingiberene 30.88 1492.308 1,492 2,333,456 27.51 £1.77
B-Bisabolene 31.284 1500.143 1,500 248,510 293 +0.12
B-Sesquiphellandrene 31.76 1517.204 1,517 1,645,580 19.40 £ 0.14
Ar-tumeron 35.77 1660.932 1,660 986,113 11.63 + 0.24
Tumeron 35.95 1667.384 1,668 1,648,908 19.44 + 0.59
Germacron 36.67 1693.19 1,693 199,584 2.35+0.06
Curlone 36.85 1699.642 1,699 610,901 7.20 £ 0.18
Sum 8,482,650 100.00

3 Results and discussion

3.1 Chemical composition of curcumin

A GC-MS combination was used to determine the chemical
composition of the curcumin plant’s extracts on both a
qualitative and quantitative level (Figure 1). The identities
and amounts of the chemical components isolated from
curcumin are presented in Table 1.

The total plant is comprised of ten compounds, and most of
the characterized metabolites are terpenoids and oxygenated
terpenoids. As can be seen from Table 1, a-zingiberene is the
major component (27.51%), followed by tumeron (19.44%),
B-sesquiphellandrene (19.40%), and aromatic tumeron (11.63%).

Mau isolated EOs from the rhizomes. They isolated a total of
36 compounds but were only able to structurally characterize
epicurzerenone and curzerene [20]. In a similar study by
Rahman et al, screening of the chemical compositions of tur-
meric rhizomes was accomplished by introducing both the raw
and methanol extracts to mass spectrometry in positive and
negative modes. The mass spectra results of the analyzed raw
turmeric rhizomes could identify 13 bioactive compounds
including curcumin [21].

3.2 HPLC results

Overall, the HPLC analysis allowed for the identification
and quantification of curcumin and its derivatives in the
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Figure 2: The chromatogram of the tested extract of C. longa plant rhizomes.
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plant extract, providing valuable information about their
relative proportions. The results from the HPLC chromato-
graphic conditions demonstrated that well-separated peaks
of curcumin and its derivative were obtained, as shown in
Figure 2. The area under the curve of the HPLC-eluted peaks
provided information about the relative amounts of cur-
cumin and its derivatives in the plant extract.

According to the analysis, the curcumin present in
the plant extract accounted for 1.87% of the total weight
of the extracted oil. This implies that the remaining per-
centage represents other curcumin derivatives. It is likely
that the HPLC analysis revealed additional peaks corre-
sponding to these derivatives, indicating their presence
in the extract.

The empirical formula and the percentages of the deri-
vative in the examined extract by HPLC are shown in Table 2.

The chromatograms of the used HPLC method showed
linearity. The areas of the standards were plotted against
its concentration, and the generated calibration curve and
the regression line was: y = 8,9686x — 249,180 with square
correlation coefficient (R* = 0.998) demonstrating high
degree of linearity (Figure 3).

Table 2: Analysis of DCM extraction of Palestina Curcuma longa L. root
by HPLC

Curcumin derivatives name Empirical formula Percentage
Curcumin Cy1H006 79
Demethoxycurcumin CyoH1805 13.81
Bisdemethoxycurcumin Ci9H1604 6.45
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Figure 3: The calibration curve of a serial standard of curcumin.
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A similar study conducted by Opustilova et al. also
performed an HPLC analysis of curcumin and reported
three peaks. The main peak corresponds to curcumin itself,
while the other minor peaks were observed near the major
peak of demethoxycurcumin and bisdemethoxycurcumin.
This suggests that curcumin derivatives, such as demethox-
ycurcumin and bisdemethoxycurcumin, were detected in
their study as well [22-24].

The applied HPLC method showed a resolution of the
eluted peak of curcumin and its derivatives. Moreover, the
eluted peaks of the chromatograms were of high theoretical
(>2,000) plates and acceptable symmetry. An example of the
eluted peak of the curcumin standard is shown in Figure 4.

The calculated limit of detection and quantification of
the applied method was 2.3 and 8.2 ug/mL, respectively.

The results of this study were comparable with other
similar work done in the literature. Garg et al. studied the
C. longa that was grown in the climatic conditions of the
North Indian plains at Lucknow; they studied the extracted
oil and tested it for its major terpene components including
curcumin. The result of the study showed the sum of the seven
major terpenes in the range of 58-79% [25]. Setzer et al, in
their study of five different varieties of C. longa, which were
cultivated in north Alabama, showed that curcumin consti-
tutes around 6.8-32.5% of the total extracted oil [26].

3.3 Cytotoxicity

The C. longa L. root extract was tested against various
cancer cell lines, including hepatocellular carcinoma

y = 89686x - 249180
R?=0.998 .

200 250 300 350
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Figure 4: HPLC chromatogram of the curcumin reference standard.

(Hep 3B), skin tumors (B16-F1), cervical adenocarcinoma
(HeLa), colorectal adenocarcinoma (COLO 205, Caco-2), and
human hepatic stellate (LX-2) cells. The results indicate var-
Tests ICso (pg/mL) iation in inhibition activity according to cancer cell line type.
The results illustrate moderate to potent activity against

HeLa and LX-2 cancer cells. The detailed ICsq results are
Curcumin 3025+0.2 5248 +3.55 46.84+212 2977+1 shown in Table 3.

Table 3: ICs, result of the Palestina Curcuma longa L. root on different
cancer cell lines

Hela B16F1 Hep3B LX-2

Doxorubicin  5.24 £1.022  >0.05 0.434 £ 0.271  »0.05 ..
The cytotoxicity results clearly demonstrated the potent
inhibition activity of curcumin against HeLa cancer cells.
T T
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Figure 5: Percentage inhibition of C. longa L. root extract (0-500 ug/mL) on four cancer cell lines.
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Figure 6: Cell viability results of four cancer cell lines treated with two concentrations (31.25 and 250 ug/mL) of C. longa L. root extract.

Moreover, a higher concentration of the plant (0.5 mg/mL)
caused more than 90% inhibitions of all the tested cancer cells
(Figure 5). The plant extract showed a significant increase in
inhibition on all cancer cell lines when the concentration was
increased from 31.25 to 250 ug/mL. The results illustrated in
Figure 6 demonstrate that no more than 10% of viable cancer
cells in all the examined cell lines were observed at a concen-
tration of 250 pug/mL.

Curcumin has shown promising potential as an anti-
cancer remedy due to its various activities, which can act
both in a chemopreventive manner and directly as a ther-
apeutic agent. While some of these effects have been
observed in animal models, curcumin has also demon-
strated activity in numerous in vitro models [27,28]. Many
studies have demonstrated that curcumin induces cell death
in a wide range of animal and human cell lines, including
those associated with leukemia, melanoma, and various car-
cinomas. Numerous in vitro studies have demonstrated the
cytotoxic effects of curcumin on cancer cells derived from
different organs, including the breast, lung, colon, kidney,
ovaries, and liver. Our data are consistent with previous
studies that reported curcumin exerts its anticancer effects
via proliferation inhibition and apoptosis induction in var-
ious cancer cell lines [29-32].

Plant chemical composition is affected by climate, tem-
perature, rainfall, soil type, and sunlight. These factors can
alter the synthesis and concentration of bioactive sec-
ondary metabolites such as phenolic compounds, alkaloids,
and terpenoids. Turmeric rhizomes contain polyphenolic
curcumin. A region’s climate and environment affect tur-
meric’s curcumin content. Turmeric grows best in warm
regions, which increases curcumin concentration in the rhi-
zomes. Turmeric needs enough rain. Stress from drought or

abundant rains might lower curcumin levels. Soil pH and
nutrient levels affect curcumin content. Turmeric plants
need sunshine for photosynthesis and curcumin production.
Cytotoxicity can vary with ambient curcumin levels. Turmeric
with higher curcumin concentrations may have stronger cyto-
toxic effects in cancer research and treatment [33-35]. The
favorable climate conditions in Palestine, with adequate
sunlight and rainfall, can contribute to the growth of tur-
meric plants with a relatively high polyphenolic curcumin
content. This explains the potent cytotoxicity results in this
research work.

4 Conclusion

The current research is the first of its kind to explore the
phytochemical and anticancer activities of this plant spe-
cies found in Palestine. The current results revealed
the presence of many phytochemicals in the extracts of
C. longa. Moreover, the HPLC analysis showed separated
peaks of curcumin and its derivatives. The plant extract
showed potent anticancer activity against Hela and LX-2
cancer cells. The cytotoxicity test also showed that the
extracts have cell inhibition activity of more than 90%
for all the tested cancer cell lines at a higher concentra-
tion of 250. These findings indicate that C. longa collected
from Palestine is a promising natural source of potent
anticancer activity. In fact, it can be used in future phar-
maceutical formulations and as a treatment strategy for
cancer diseases.

Funding information: Authors state no funding involved.



8 —— Murad Abualhasan et al.

Author contributions: Conceptualization: M.A. Methodology:
M.A. and N.J. Software: M.H. Formal analysis: M.A.A., AM.,, and
M.A. Anticancer assay: M.A,, ZM,, RT,, BM, and AM. HPLC
assay: M.AA, MAAA, ZM,, BM,, and RT. Resources: M.A. and N.J.
Writing — original draft preparation: M.A. and N.J. Writing —
review and editing: all authors, Supervision: M.A. and NJ.
Project administration: M.A. and N.J. All authors have read
and agreed to the published version of the manuscript.

Conflict of interest: Authors state no conflict of interest.

Data availability statement: The datasets generated and/
or analyzed during the current study are available from
the corresponding author on reasonable request.

References

[

[2

B3]

[4]

[l

(6]

[71

(8l

[9]

(0]

m

Bourhia M, Abdelaziz Shahat A, Mohammed Almarfadi O, Ali
Naser F, Mostafa Abdelmageed W, Ait Haj Said A, et al.
Ethnopharmacological survey of herbal remedies used for the
treatment of cancer in the greater Casablanca-Morocco. Evidence-
based Complementary Altern Med: eCAM. 2019;2019:1613457.
Safarzadeh E, Sandoghchian Shotorbani S, Baradaran B. Herbal
medicine as inducers of apoptosis in cancer treatment. Adv Pharm
Bull. 2014;4(Suppl 1):421-7.

Revathy S, Elumalai S, Benny M, Antony B. Evaluation of curcu-
minoids in turmeric rhizome (Curcuma longa L.) collected from
different places in India. Biosci Biotechnol Res Asia.
2011;8(1):259-64.

Kumar A, Singh AK, Kaushik MS, Mishra SK, Raj P, Singh PK, et al.
Interaction of turmeric (Curcuma longa L.) with beneficial microbes:
a review. 3 Biotech. 2017;7(6):357.

Sopher DE. Indigenous uses of turmeric (Curcuma domestica) in
Asia and Oceania. Anthropos. 1964;H.1./2:93-127.
Sontsa-Donhoung A-M, Hawaou, Bahdjolbe M, Nekou GN,
Tadjouo IK, Nwaga D. Growing Curcuma longa for rhizome pro-
duction on diverse arable soil types in Cameroon: agronomic and
microbial parameters. Agric Sci. 2021;12(5):464-80.

Li S. Chemical composition and product quality control of turmeric
(Curcuma longa L.). Pharm Crop. 2011;5(1):28-54.

Meng F-C, Zhou Y-Q, Ren D, Wang R, Wang G, Lin L-G, et al.
Turmeric: a review of its chemical composition, quality control,
bioactivity, and pharmaceutical application. Nat Artif Flavor Agents
Food Dye. 2018;1(1):299-350.

Salem MA, El-Shiekh RA, Fernie AR, Alseekh S, Zayed A.
Metabolomics-based profiling for quality assessment and revealing
the impact of drying of turmeric (Curcuma longa L.). Sci Rep.
2022;12(1):10288.

Ongwesa A, Ali MS, Yogananth N, Anuradha V, Ferosekhan M,
Prabu MM. Safety and efficacy of essential oil from Curcuma longa
against Aedes aegypti and Anopheles stephensi mosquito vectors. Int
J Compr Res Biol Sci. 2014;1(1):36-43.

Sharma V, Sharma HD. Bioactive compounds in turmeric. Spice
bioactive compounds. Boca Raton: CRC Press; 2022. p. 71-92.

2]

(3]

(4]

(3]

[16]

(7

[18]

9]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

DE GRUYTER

Kumari A, Prasad C, Kumar R. Essential oil and curcumin content in
different varieties of turmeric (Curcuma longa L.). Pharma Innov J.
2022;11:841-4.

Gururani S, Gairola K, Kumar R, Prakash O, Dubey SK. Altitudinal
and geographical variations in phytochemical composition and
biological activities of Curcuma longa accession from Uttarakhand,
the Himalayan region. | Food Process Preservation.
2022;46(3):216384.

Thakur M, Modi VK. Biocolorants in food: sources, extraction,
applications and future prospects. Crit Rev Food Sci Nutr.
2022;1-40.

Beaglehole R, Bonita R, Magnusson R. Global cancer prevention: an
important pathway to global health and development. Public
Health. 2011;125(12):821-31.

Cikrikci S, Mozioglu E, Yilmaz H. Biological activity of curcuminoids
isolated from Curcuma longa. Rec Nat Products. 2008;2(1):19.

NIST Chemistry WebBook. NIST Standard Reference Database
Number 69 USA: U.S. Department of Commerce; 2022 [cited 2023
February 20].

Jaradat N, Al-Lahham S, Abualhasan MN, Bakri A, Zaide H,
Hammad J, et al. Chemical constituents, antioxidant, cyclooxy-
genase inhibitor, and cytotoxic activities of Teucrium pruinosum
Boiss. Essential oil. BioMed Res Int. 2018;2018:4034689.

Hawash M, Eid AM, Jaradat N, Abualhasan M, Amer ], Naser Zaid A,
et al. Synthesis and biological evaluation of benzodioxole deriva-
tives as potential anticancer and antioxidant agents. Heterocycl
Commun. 2020;26(1):157-67.

Mau J. Composition and antioxidant activity of the essential oil
from Curcuma zedoaria. Food Chem. 2003;82(4):583-91.

Rahman AF, Angawi RF, Kadi AA. Spatial localisation of

curcumin and rapid screening of the chemical compositions of
turmeric rhizomes (Curcuma longa Linn.) using Direct Analysis

in Real Time-Mass Spectrometry (DART-MS). Food Chem.
2015;173:489-94.

Opustilova K, Lapcikova B, Lapcik L, Gautam S, Valenta T, Li P.
Physico-chemical study of curcumin and its application in O/W/O
multiple emulsion. Foods. 2023;12(7):1394.

Syed HK, Liew KB, Loh GO, Peh KK. Stability indicating HPLC-UV
method for detection of curcumin in Curcuma longa extract and
emulsion formulation. Food Chem. 2015;170:321-6.

Jayaprakasha GK, Jagan Mohan Rao L, Sakariah KK. Improved HPLC
method for the determination of curcumin, demethoxycurcumin,
and bisdemethoxycurcumin. J Agric Food Chem.
2002;50(13):3668-72.

Garg SN, Bansal RP, Gupta MM, Kumar S. Variation in the rhizome
essential oil and curcumin contents and oil quality in the land races
of turmeric Curcuma longa of North Indian plains. Flavour Fragr J.
1999;14(5):315-8.

Setzer WN, Duong L, Poudel A, Mentreddy SR. Variation in the
chemical composition of five varieties of Curcuma longa rhizome
essential oils cultivated in North Alabama. Foods. 2021;10(2):212.
Maheshwari RK, Singh AK, Gaddipati ], Srimal RC. Multiple biolo-
gical activities of curcumin: a short review. Life Sci.
2006;78(18):2081-7.

Perrone D, Ardito F, Giannatempo G, Dioguardi M, Troiano G, Lo
Russo L, et al. Biological and therapeutic activities, and anticancer
properties of curcumin. Exp Ther Med. 2015;10(5):1615-23.
Karunagaran D, Rashmi R, Kumar TR. Induction of apoptosis by
curcumin and its implications for cancer therapy. Curr Cancer Drug
Targets. 2005;5(2):117-29.



DE GRUYTER

[30]

31

32]

[33]

Yang JY, Zhong X, Yum HW, Lee HJ, Kundu JK, Na HK; et al. Curcumin
inhibits STAT3 signaling in the colon of dextran sulfate sodium-
treated mice. ] Cancer Prev. 2013;18(2):186-91.

Vallianou NG, Evangelopoulos A, Schizas N, Kazazis C. Potential
anticancer properties and mechanisms of action of curcumin.
Anticancer Res. 2015;35(2):645-51.

Tomeh MA, Hadianamrei R, Zhao X. A review of curcumin and its
derivatives as anticancer agents. Int ] Mol Sci. 2019;20(5):1033.
Aggarwal BB, Sundaram C, Malani N, Ichikawa H. Curcumin: The
Indian Solid gold. In: Aggarwal BB, Surh Y-}, Shishodia S, editors.

Analysis of anticancer activities of Curcuma longa extract = 9

[34]

[33]

The Molecular Targets and Therapeutic Uses of Curcumin in Health
and Disease. Boston, MA: Springer US; 2007. p. 1-75.
Thangapazham RL, Sharma A, Maheshwari RK. Multiple molecular
targets in cancer chemoprevention by curcumin. AAPS .
2006;8(3):E443-9.

Kumar A, Dhawan S, Hardegen NJ, Aggarwal BB. Curcumin (difer-
uloylmethane) inhibition of tumor necrosis factor (TNF)-mediated
adhesion of monocytes to endothelial cells by suppression of cell
surface expression of adhesion molecules and of nuclear factor-kB
activation. Biochem Pharmacol. 1998;55(6):775-83.



	1 Introduction
	2 Material and methods
	2.1 Plant material
	2.2 GC-MS assessment
	2.3 HPLC analysis
	2.3.1 HPLC conditions
	2.3.2 HPLC procedure

	2.4 Cytotoxicity method
	2.5 Statistical analysis

	3 Results and discussion
	3.1 Chemical composition of curcumin
	3.2 HPLC results
	3.3 Cytotoxicity

	4 Conclusion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


