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Abstract

Objective: This study aimed to evaluate the synergistic effect of extract combinations from turmeric and black
rice bran extract as anticancer agents on HeLa cells. Methods: Turmeric and black rice bran extracts were obtained by
maceration with 96% ethanol. To determine the IC, and combination index values, the cytotoxic assay of the extracts on
HeLa cells was evaluated using the MTT assay, individually or in combination. The LC-HRMS analysis was employed
to profile each extract. Result: Turmeric and black rice bran extracts yielded 23.29% and 7.57%, respectively, and LC-
HRMS revealed that turmeric extract has the most ar-turmerone at 10.4%. In contrast, black rice bran extract contains
many fatty acid derivative compounds. The MTT assay showed that turmeric extract had an IC_ value of 54 ug/mL against
HeLa cells, while black rice bran extract had an IC, value of 446 pg/mL. Combining 2 IC, of turmeric extract and /2
IC,, of black rice bran extract has a synergistic effect, resulting in a lower viable cell population of 43.04% compared
to the individual treatment of turmeric and black rice bran extract, which resulted in 96.92% and 79.30%, respectively.
Conclusion: This study showed that a combination of turmeric and black rice bran exhibits greater cytotoxic activity
than the individual extracts, promising an alternative anticancer treatment, particularly for cervical cancer.
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Introduction

Cervical cancer is a disease-threatening that attacks
women’s reproductive system, the cervix uteri [1]. In
2022, the International Agency for Research on Cancer
reported that the number of new cases of cervical cancer
worldwide reached 662,401, representing 6.8% of all
malignancies in females, referring to the GLOBOCAN
2022 estimates of cancer incidence and mortality. The
mortality number attained 348,874 cases and evolved to
the 4th most common cancer that causes death among
women universally. The number of fatalities in cervical
cancer increased by 2% from the previous report in
2020, which was 341,831 cases [2]. Recently, one of
the standard treatments that have been recommended
is chemotherapy using synthetic antineoplastic drugs.
However, the program has side effects, high costs, and
shows resistance, so it can relapse and even spread to

other cells/tissues [3]. Other side effects of chemotherapy
include directly changing the quality of cellular proteins,
making them non-functional and affecting key cellular
physiological pathways. Chemotherapy must also consider
the dose; high doses damage healthy cells and cause
disease recurrence [4].Therefore, a new therapeutic agent
must be developed.

Utilization of plant extracts in cancer chemotherapy
drug formulations is considered safer and has the
lowest side effects [5]. Furthermore, the combination
of plant extracts showed greater efficacy [6]. Various
chemotherapeutic drugs are developed from natural
components, including active chemicals found in plants,
which show potential as anticancer medicines [7].
Potentially active phytochemicals are characterized by
their perceived safety, low toxicity, diverse biological
activity mechanisms, various chemical structures, and
abundant natural availability [8].
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Turmeric (Curcuma longa L.) is prominent potential
anticancer agent because it has many active compounds,
such as a-curcumene, curcumenol, curcumin, curcumin
II, and curcumin IIT [9]. One of the five phytochemicals
is curcumin, which has the most effective anticancer
activity [10]; however, the effectiveness is limited due to
several limitations. The primary limitations of utilizing
curcumin as a pharmaceutical agent include its limited
bioavailability, poor water solubility, inadequate intestinal
absorption, unstable molecular structure, and rapid
elimination from the body [11,12]. Therefore, one way to
overcome the obstacles is to combine curcumin with other
extracts such as resveratrol [13], emodin [14], quercetin
[15], or other plant extract.

Black rice bran (Oryza sativa L.) is one of the rice
cultivars reported to have large necessary fatty acids
and dietary fibers such as proteins, dietary minerals, and
vitamins [16], in addition to the content of secondary
metabolites such as phenolic, alkaloids, terpenoids,
flavonoids, and steroids [17]. This cultivar also contained
higher lipid content than other rice types [18]. Considering
its tendency to be discarded and not consumed by humans,
it could be explored as a concomitant treatment for cancer
in conjunction with turmeric.

The potential of combining turmeric extract and black
rice bran extract as an anticancer agent should be further
developed. It was supported by the information from
another study that black rice bran can induce apoptosis
via caspase 8 activation [19]; meanwhile, turmeric inhibits
cancer cell proliferation [20]. Given the multifaceted role
of both extracts in anti-cancer properties, they are expected
to be more effective when combined rather than relying
solely on a single extract, as they may impact different
mechanism targets [21,22]. Additionally, there has been
no investigation into the potential of combining turmeric
and black rice bran extract as chemotherapy agents for
cancer. Thus, this study aims to evaluate the synergistic
effect of this combination on HeLa cells.

Materials and Methods

The research was performed at the Laboratory of
Traditional Medicine Raw Materials, National Research
and Innovation Agency (BRIN) region Tawangmangu,
Indonesia. This research has received ethical feasibility
approval from the Ethics Committee of the Faculty of
Medicine, Public Health, and Nursing at Gadjah Mada
University, Indonesia designated by the number KE/
FK/1459/EC/2023.

Chemical Reagent

Turmeric was collected from farmers of the “sentra
tanaman obat” Karanganyar, Central Java, Indonesia and
“Sembada Hitam” black rice cultivated from Sleman,
Yogyakarta, Indonesia. The Laboratory of Traditional
Medicine Raw Materials, BRIN, Tawangmangu, provided
HeLa ATCC CCL-2 and Vero ATCC CCL-81 cell lines.
Fetal Bovine Serum (F2442, Sigma Aldrich), dimethyl
sulfoxide (D2650, Sigma Aldrich), Phosphate-buffered
saline (P3813, Sigma Aldrich), RPMI 1640 powder
(R6504, Sigma Aldrich), DMEM powder (D5648,
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Sigma Aldrich), MTT Reagent (M5655, Sigma Aldrich),
Penicillin-streptomycin (P0781, Sigma Aldrich),
fungizone (A2411, Sigma Aldrich), NaHCO3 (S5761,
Sigma Aldrich) HEPES (643823, Sigma Aldrich) and
sodium dodecyl sulfate (L3771, Sigma Aldrich) is
purchased from Sigma Aldrich, St. Louis, Missouri. Filter
paper (WHA1001090, Merck), and ethanol (64-17-5,
Merck) were obtained from Darmstadt-based Merck Life
Science.

Sample preparation

The turmeric rhizome was washed and sliced into small
pieces. Turmeric and black rice bran samples were dried in
an oven at 35-40°C to constant weight; then, the samples
were ground and sieved through a 40-mesh sieve. Sixty
grams of turmeric powder and 500 g of black rice bran
were macerated in 96% ethanol solvent (1:10 w/v) for
2x24 hours with periodic stirring. The filtrate was collected
and filtered using Whatman paper no. 1. The formula for
calculating the yield (%) of evaporated dried extracts was
DWextracts/DWsamples x 100%, where DWsamp is the
sample’s dry weight and DWext is the extract’s weight
after drying [23].

Cell Line Culture

HelLa cells were cultured in RPMI Media 1640, while
Vero cells were in DMEM. Both media were supplemented
with 10% (v/v) FBS, 1% (v/v) P/S, and 0.5% (v/v)
fungizone. HeLa and Vero cells were cultured in a 25
cm’® T-flask and incubated at 37°C and 5% CO, [24,25].

Test Solution Preparation

Turmeric extract was prepared as much as 2.5 mg and
made a stock solution of 500 pg/mL concentration. The
stock of turmeric extract was made into concentrations
of 250, 125, 62.50, 31.25, 15.63, and 7.81 pg/mL. BRB
extract was taken as much as 5 mg and made a stock
concentration of 2500 pg/mL. The stock solution was
then made into concentrations of 2500, 1250, 625, 312.5,
156.25, 78.12, and 39.06 pg/mL for analysis [26].

Cytotoxicity Assay in Single Extract

The confluent HeLa cells were harvested by trypsin-
EDTA, re-suspended into 4 x 104 cells/well, and then
inoculated into a 96-well plate with 100 puL per well. A
24-hour incubation period was followed by treatment
of the cells with various amounts of individual extracts.
Each concentration in the extract treatment was repeated
3 times and incubated for 24 hours. Then, 100 pL of MTT
solution (5 mg/mL) was applied to each well and incubated
for 4 hours at 37°C in a 5% CO?2 incubator. To dissolve
the formazan crystals, 100 L of SDS 10% was applied
to each well as a stoppan reagent. Under dark conditions,
the plate was incubated overnight, and the absorbance was
measured at 595 nm. The control group utilized untreated
cells and achieved a 100% viability rate. One may use
the following formula to calculate the percentage of cell
viability by considering the absorbance value [27].
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Absorbance of treated cells — Absorbance of control media

Cell Viability (%) =
ell Viability (%) Absorbance of control cells — Absorbance of contro media

x100 %

Cytotoxicity Assay in Combination Extract

The combination extract was created by combining
turmeric extract and black rice bran extract, using the IC, |
value obtained from a single cytotoxicity test. A total of 16
combinations of extracts were tested in order to identify
the optimal concentration. The combination was derived
by combining four different concentrations of turmeric
extract (V2 IC,, V4 1C_, 1/8 I1C,, and 1/16 IC, ) with four
different concentrations of black rice bran extract (V2 IC,,
7%1C, 1/81C,, and 1/16 IC, ). The combination formula
assays were conducted concurrently as advised by another
study to optimize the computational analysis of data
[28]. The experimental design of this study is shown in
Table 1. This analysis aimed to evaluate the combination
index (CI) value.

LC-HRMS Profiling Analysis

The samples were acquired by combining 1 mL of
MeOH with 50 mg of extract, subjecting it to vortexing
for 30 seconds, sonication for 30 minutes at ambient
temperature, and subsequent centrifugation for 5 minutes
at a force of 1400xg. After collecting the supernatant, it
was filtered using a 0.22 pm PTFE filter and injected into
LC-HRMS. A liquid chromatography experiment was
conducted using the Thermo Scientific™ Vanquish™
UHPLC Binary Pump and Orbitrap high-resolution mass
spectrometry. The mobile phases used were MS-grade
water containing 0.1% formic acid and MS-grade
methanol containing 0.1% formic acid. The column
utilized was Thermo Scientific™ Accucore™ Phenyl-
Hexyl 100 mm x 2.1 mm ID x 2.6 pm, injected at a
volume of 3 uL and a temperature of 70°C. The gradient
elution reaction was conducted at a 0.3 mL/min flow rate
for 45 minutes. The untargeted screening procedure used
complete MS/dd-MS2 mode with positive and negative
polarization ionization. The experimental setup included
the following parameters: N2 gas pressure of 32, 8, and
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4 AU; spray voltage of 3.3 kV; capillary temperature of
320°C; m/z range of 66.7-1000; and a resolution of 70,000
for full mass spectrometry (MS) and 17,5000 for double-
diameter MS2 (dd-MS2) [29,30].

Statistical Analysis

The mean and standard deviation of the test result
data were determined to conduct this investigation. The
chemicals analyzed by LC-HRMS were determined
using the Predicted Compositions facility of XCalibur
4.4 software and the mzCloud Search MS/MS library.
The cytotoxicity test included combinations, single
extracts, and confirmation using Vero cells, and the
average percentage of cell viability was calculated for
each extract. Next, the concentration of the extract was
graphed against the percentage of cell viability to establish
a linear regression equation, enabling the determination of
the inhibitory concentration 50 (IC, ) value [31].

Results

Yield of Extraction Samples

The study employed test materials consisting of
turmeric and black rice bran extracts. The extraction
process was conducted by maceration with 96% ethanol,
yielding 23.29% pure turmeric extract and 7.57% pure
black rice bran extract.

Cytotoxic Activity Evaluation of Single Extract

The cytotoxicity assay was performed on the HeLa cell
line to ascertain the cytotoxic effects of the single black
rice bran and turmeric extracts. The anticancer activity of
turmeric and black rice bran extracts was assessed using
the MTT Assay, as indicated by the IC, value. Table 2
shows the line equation of the cytotoxic assay and the
IC,, value. The equation of the line yields an IC, value
of 54 pg/mL for turmeric extract categorized as potential
cytotoxic and 446 pg/mL for black rice bran extract is
moderate cytotoxic. Turmeric extract has an IC, value
that is 8 times lower than that of black rice bran extract.
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Figure 1. The Effectiveness of HeLa Cells Exposed to a 16-extract Combination
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Comb 1: extract combination 1 (1/2 IC50 turmeric + 1/2 IC50 BRB)
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Comb 3: extract combination 13 (1/2 IC50 turmeric + 1/16 IC50 BRB)

Figure 2. Confirmation of the Effect of Three Selected Combination Extracts on Vero Cells Compare to HeLa Cells.

The data represent the means + SD. **** p < (0.0001

Table 1. The Formula of the Combination Extract from Turmeric and Black Rice Bran based on the IC s Value Used

in the Treatment

Black Rice Bran (IC50)
12 1/4 1/8 1/16
Turmeric (ICy) 1/2 1/2:1/2 12:1/4 1/2:1/8 1/2:1/16
1/4 1/4:1/2 1/4:1/4 1/4:1/8 1/4:1/16
1/8 1/8:1/2 1/8 : 1/4 1/8 : 1/8 1/8 : 1/6
1/16 1/16 : 172 /16 : 1/4 1/16 : 1/8 /16 : 1/16

Table 2. IC,; Value of Turmeric and Black Rice Bran
against HeLa Cells

Extract IC,, Line Equation R?
(mg/mL)

Turmeric 54 y =-54.831x+145.03  0.9616

Black Rice 446 y=-55.022x+195.76  0.9357

Bran

Cytotoxic Activity Evaluation of Combination Extract
The cytotoxicity test of the combination extract was

carried out using a mixture of turmeric extract and black

rice bran extract at concentrations of %2 IC_, ¥4 IC_, 1/8

50° 50°
IC,,, and 1/16 IC,. From these concentrations, 16 possible

50°

variations of the combination extract were created and
examined using the MTT Assay with the combination of
the four concentrations listed above. Figure 1 displays the
cell viability percentage at different extract concentrations
from data processing generated by the MTT Assay. To
evaluate the synergist between the individual extract and
the combination extract, the combination index (CI) value
was computed based on the percentage of cell viability,
as shown in Table 3.

Figure 1 depicted that the more excellent combination
extracts against HeLa cells were combination extract
no.1, no.5, and no 13. Combination extract no.1 had a
cell viability percentage of 43.04% and was considered
moderately toxic. Extract no.5 had a viability of 63.03%

Table 3. Value of the Combination Index (CI) for HeLa Cells Treated with 16 Combination Extracts

Black Rice Bran (IC50)
1/2 1/4 1/8 1/16
Turmeric (IC,)) 1/2 0.25 0.27 0.22 0.16
1/4 0.58 0.3 0.23 0.17
1/8 0.72 0.41 0.32 0.18
1/16 1.71 0.79 0.19 0.30
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Figure 3. Total Ion Chromatogram (TIC) of the Ethanolic Extract of Turmeric

Table 4. Quantitative Analysis of Turmeric Extract and Black Rice Bran Extract with an Abundance above 0.3% Using

284 B 2541 5405

215

ML 69669
TIC M8 €X

LC-HRMS
Extract Compound Compound Group Abundance (%) Formula RT (Min)
Turmeric  (+)-ar-Turmerone Sesquiterpene 10.4 CH,,0 13.092
Bisdemethoxycurcumin Curcuminoid (phenol) 1.78 C,H,0, 10.875
Curcumin Curcuminoid (phenol) 1.63 C,H, 0O, 11.203
Indole Aromatic 0.48 CHN 13.737
Black Phytosphingosine Sphingolipid 13.41 C H,NO, 11.08
gi‘;l Monoolein Monoacylglycerol 5.04 C,H,0, 14.948
Sinensal Sesquiterpene 4.92 CH,,0 13.674
(+)-ar-Turmerone Sesquiterpene 2.76 C.H,0 13.084
(8E)-2-Amino-8-octadecene-1,3,4- Sphingolipid 2.55 CH, NO, 10.654
triol
1-Piperideine Alkaloid 1.54 CHN 0.283
3-[(19Z)-15,16-Dihydroxy-19-do- Heterocyclic 1.35 C,,H,O, 21.578
triaconten-1-yl]-5-methyl-2(5H)-
furanone
Linoleoyl ethanolamide Lipid 1.27 C,,H,,NO, 13.666
Choline 0.98 C,H,NO 0.774
Oleoyl ethanolamide Lipid 0.85 C,,H,,NO, 14.314
Betaine Amino acid 0.67 C,H, NO, 0.815
2-Aminooctadec-4-yne-1,3-diol Amino acid 0.66 CH,,NO, 11.029
Sphinganine Lipid 0.55 C H,NO, 11.848
(13cis)-2-Oxoretinoic acid Vitamin A 0.48 C,,H,\NO, 12.204
15-cis-4,4'-diapophytoene Carotenoid 0.47 C,,Hy 20.419
2-Amino-1,3,4-octadecanetriol Amino acid 0.41 C H,NO, 10.092
2-[(5Z)-5-tetradecenyl]cyclobutanone Ketone Cyclic 0.4 CH,,0 17.548
3a,12a-Dimethyl-1-(5-methylene- Vitamin D 0.37 C,H,NO 18.26
2-heptanyl)tetradecahydro-7H-
cyclopentala]cyclopropale]
phenanthren-7-one
Baicalein Flavonoid 0.32 C,H1,0, 8.769
5-OxoETE Arachidonate Acid (lipid) 0.31 C,H,0, 10.408
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Figure 4. Total Ion Chromatogram (TIC) of the Ethanolic Extract of Black Rice Bran

and was classified as weakly toxic. Extract no.13 had a
viability of 67.37% and was also classified as weakly
toxic. According to CI evaluation, those combination
extracts showed a strong synergistic effect (0.1 < CI <
0.3). CI value for combination extract no.1, no.5, and no.
13 were 0.25, 0,27, and 0.16, respectively.

The three combination extracts were chosen for
safety analysis on normal cell lines, Vero cells (Figure 2).
According to Figure 2, it is evident that the percentage of
Vero cell viability in each treatment surpasses that of HeLa
cells. These findings indicate that the three combination
extracts do not harm normal cells, as demonstrated by the
cell viability percentages of 75.65%, 91.64%, and 92.96%.

LC-HRMS Profiling of Ethanol Extracts

The chemical composition of turmeric and black rice
bran extracts was analyzed using Liquid Chromatography-
High Resolution Mass Spectrometry (LC-HRMS). The
raw data of LC-HRMS were processed using XCalibur
4.4 software, and the extract with the best total ion
chromatogram (TIC) was processed for further analysis
using Compound Discoverer® software. The LC-HRMS
study indicated that the turmeric extract had diverse
components with different concentrations. The compound
ar-turmerone exhibited the most incredible abundance at
10.4%, with bisdemethoxycurcumin following at 1.78%,
curcumin at 1.63%, and indole at 0.48%. Many lipid
compounds have been discovered in the extract of black
rice bran. Table 4 displays the results of the LC-HRMS
analysis for compounds that have an abundance of over
0.3% and show potential biological activity, particularly
in the context of drug development. Figure 3 displays the
turmeric extract’s total ion chromatogram (TIC), while
Figure 4 is for black rice bran extract.
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Discussion

This study aimed to evaluate the effect of the
combination of turmeric and black rice bran extract as
an anticancer agent on HeLa cells. The results indicated
that turmeric extract is classified as potentially cytotoxic,
while black rice bran extract has a moderate cytotoxic
effect [13]. The extract can be categorized for its cytotoxic
impact as potential cytotoxic (IC,; <100 pug/mL), moderate
cytotoxic (IC,, <1000 pg/mL), or no cytotoxic (IC,, >
1000 pg/mL) [13]. However, as per the National Cancer
Institute (NCI) in the United States, the extract can exhibit
a potent cytotoxic impact when its IC, value is less than
20 pg/mL [32].

In this research, the IC, value of the turmeric extract
against HeLa cells was 54 pg/mL. In contrast, the ethanolic
turmeric extract in a previous study had an IC,; value
of 184.5 pug/mL [33], threefold higher than the value
reported in this study. The disparity in IC, values is
probably attributed to the varying origins of the turmeric
utilized, resulting in distinct levels of active compounds
and thereby demonstrating a cytotoxic effect and varying
dosage requirements. Furthermore, the black rice bran
extract achieved an IC, value of 446 pg/mL. The results
of this study are similar to those of previous studies,
which stated that black rice bran extract has a cytotoxic
effect on HeLa cells [34]. The IC,  value was determined
to be 408.13 + 51.9 ug/mL. The elevated IC,; value of
black rice bran extract can be attributed to specific active
compounds among the extract’s components, which lack
activity. Consequently, their capacity to decrease HelLa
cell viability is diminished [34].

The cytotoxicity test of the combination extract
was carried out using a mixture of turmeric extract and

black rice bran extract at concentrations of Y4 IC,,, "4
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IC,,, 1/8 IC,, and 1/16 IC,,. According to the formula
combination, three combination extracts were identified
as potential anticancer drug candidates using HeLa cells,
as determined by cell viability data from cytotoxicity
experiments conducted with combination extracts. The
combination extracts were chosen based on the lowest cell
viability, below 70%, and the strongly synergistic CI value
(0.1 <CI<0.3)[28]. The cytotoxicity test is classified as
non-toxic if the percentage of cell viability exceeds 80%,
weakly toxic if the percentage is between 80% and 60%,
moderately toxic if the rate is between 60% and 40%, and
strongly toxic if the percentage is less than 40%, according
to the provisions of ISO 10993-5 [35]. Three combination
extracts were chosen for analysis. Combination extract
number 1 (further mentioned as combination extract no.
1) had a cell viability percentage of 43.04% and was
considered moderately toxic. Combination extract number
5 (further mentioned as combination extract no. 2) had a
viability of 63.03% and was classified as weakly toxic.
Combination extract number 13 (further mentioned as
combination extract no. 3) had a viability of 67.37% and
was also classified as weakly toxic, as depicted in Figure 1.

Additionally, the selection of the three extracts was
determined by the combination index (CI) value, which
indicated a strong synergistic effect (0.1 < CI < 0.3).
An extract is considered to possess synergistic activity
when combined with other substances, resulting in
greater efficacy than when administered alone [22].
The effectiveness of combining a compound or extract
can be achieved through various mechanisms. These
include targeting different signaling pathways, enhancing
bioavailability in the body, overcoming drug resistance,
and improving efficiency [36]. Combined extract no. 1
was derived from these two parameters by combining 4
IC,, turmeric with 2 IC, BRB. Combination extract no.
2 was formed by combining %2 IC, turmeric with % IC
BRB, while combination no. 3 was obtained by combining
72 IC turmeric with 1/16 IC,  BRB.

According to Figure 2, it is evident that the percentage
of Vero cell viability in each treatment surpasses that
of HeLa cells. These findings indicate that the three
combination extracts do not harm normal cells, as
demonstrated by the cell viability percentages of 75.65%,
91.64%, and 92.96%. A preparation is deemed safe for
cells if it exhibits a viability percentage above 80%
[35]. From a statistical standpoint, it is evident that the
administration of the combination extract has distinct
effects on Vero cells and HeLa cells. This conclusion is
supported by the alpha level 0.05 and a p-value of less
than 0.0001 (***%*).

The identification of black rice bran extract components
did not reveal the existence of anthocyanin compounds
such as cyanidin-3-glucoside and peonidin-3-glucoside,
as reported in other research [34, 37]. The variation in
the identification approach with LC-HRMS is probably
the cause of this discrepancy. This study employed an
untargeted methodology [30]. The total ion chromatogram
(TIC) analysis involved using Compound Discoverer
software to identify the compound corresponding to
the mzCloud library. This was done by considering the
intensity of the ions automatically fragmented with DDA

fragments. Automated DDA fragments may not accurately
align with the fragmentation pattern for identifying
anthocyanin compounds. Table 4 displays the results
of the LC-HRMS analysis for compounds that have an
abundance of over 0.3% and show potential biological
activity, particularly in the context of drug development.

This investigation revealed that turmeric extract
primarily comprised ar-turmerone and curcuminoid
compounds. Turmerones are principal sesquiterpenes
obtained from turmeric. Ar-Tumerone has demonstrated
potential as an anticancer, immunomodulatory, and
chemopreventive agent [38]. Previous research has shown
that ar-Tumerone, isolated from Turmeric (Curcuma
longa), possesses anti-cancer properties to inhibit the
growth of various cancer cell lines, including K562,
L1210, U937, and RBL-2H3 cells, by inducing apoptosis
[39].

Additionally, ar-Tumerone has been demonstrated to
inhibit the proliferation of cancer cells by reducing the
expression of cathepsin B (CTSB) [20]. Notably, CTSB
deficiency has been associated with the downregulation
of cyclin B1 and the upregulation of the cyclin-CDK
inhibitory protein P27kipl in the G2 phase of the cell
cycle, thereby contributing to growth inhibition in cancer
cells [40]. Furthermore, curcuminoids have gained
widespread recognition as potential therapeutic agents,
particularly in cervical cancer treatment [41].

The black rice bran extraction results were dominated
by phytosphingosine compounds, which were 13.41%
abundant (Table 4). Phytosphingosine compounds
have been known to inhibit the growth of lung cancer
by inducing apoptosis via a mitochondria-mediated
pathway, arresting the cell cycle in the G2/M phase, and
increasing the expression of Bax/Bcl-2 proteins. This
causes a decrease in mitochondrial membrane potential,
encouraging the release of cytochrome C, caspase 9, and
3, and degrading PARP in A549 cells [42]. Both extracts
play arole in preventing cancer growth at distinct targets,
indicating the possibility for synergistic multi-target
effects [22] that boost efficacy when combined [28], as
seen by the reduced vitality of HeLa cells compared to
the single treatment. However, more research is required
to clarify the mechanisms of growth inhibition by this
combination extract, particularly in cervical cancer.
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