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ABSTRACT

Objective: To determine the effect of rice bran extract (RBE) in
combination with doxorubicin on 4T1 triple-negative breast cancer
cells and NIH-3T3 cells.

Methods: RBE was obtained by maceration with n-hexane.
The phytochemical profile of RBE was observed using high-
performance liquid chromatography. Cytotoxic effect of RBE was
evaluated through MTT assay. In addition, flow cytometry was
used for cell cycle and apoptosis analysis. Cellular senescence was
observed using SA-B-Gal assay and intracellular reactive oxygen
species (ROS) levels were evaluated using DCFDA staining. The
pro-oxidant property of RBE was also evaluated through 1-chloro-
2,4-dinitrobenzene spectrophotometry and molecular docking.
Results: RBE was obtained with a yield of 18.42% w/w and
contained tocotrienols as the major compound. RBE exerted
no cytotoxic effect on 4T1 and NIH-3T3 cells. However, RBE
in combination with doxorubicin decreased 4T1 cell viability
synergistically (combination index<0.9) and induced apoptosis and
senescence on 4T1 cells. RBE significantly decreased senescence
in doxorubicin-treated NIH-3T3 cells. Additionally, RBE did not
increase ROS levels in doxorubicin-treated 4T1 cells. Meanwhile,
the combination of RBE and doxorubicin reduced ROS levels in
NIH-3T3 cells. RBE significantly reduced glutathione-S-transferase
activity and alpha-tocotrienol interacted with glutathione-S-
transferase in the glutathione binding site.

Conclusions: Rice bran may be used as a co-chemotherapeutic
agent to improve the therapeutic effectiveness of doxorubicin while
protecting against the cellular senescence effects of doxorubicin on

healthy cells.

KEYWORDS: Rice bran extract; ROS; Senescence; Doxorubicin;
4T1; NIH-3T3

1. Introduction

Doxorubicin (Dox) is an anthracycline class of chemotherapy
drugs used as first-line therapy for various cancers, including
those of the breast [especially triple-negative breast cancer cells
(TNBC)], blood, and liver[1]. Dox can kill cancer cells through
DNA intercalation mechanism, disruption of DNA repair mediated
by topoisomerase I, and the formation of free radicals and damage
to cellular membranes, DNA, and proteins|2]. However, the use
of anthracycline anti-cancer can increase the level of free radical
production in cells[3]. Meanwhile, the reductive activation of Dox to
semiquinone triggers the formation of superoxide by the reduction
of one electron of oxygen, where the breakdown of superoxide
produces H,O,[4]. Therefore, the use of Dox as a chemotherapeutic
agent needs to be accompanied by the use of a synergistic agent that
can reduce the dose[3].

Related to the induction effect of intracellular reactive oxygen
species (ROS), one of the side effects of Dox is the induction of
cell senescence, which occurs not only in cancer cells but also
in normal cells[5]. Dox can increase intracellular ROS levels and

stimulate senescence in non-cancer NIH-3T3 fibroblast cells[3].
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Fibroblast cells confer skin elasticity by synthesizing collagen as the
main component of connective tissue[6]. Therefore, compounds that
can reduce cell senescence with Dox in fibroblast cell models must
be explored to develop anti-aging agents. High ROS production is
correlated with increased senescence and apoptosis in cancer cells[7].
Therefore, this phenomenon is often used as a basis for developing
anti-cancer targets[8]. The mechanisms of oxidants and antioxidants
have different pathways and can simultaneously occur; thus, this
relationship can also be used as a target in the development of
cytoprotective agents through decreasing ROS levels and inhibiting
senescence[3.9]. Glutathione-S-transferase (GST) is a pivotal enzyme
to neutralize intracellular ROS that is usually expressed in cancer
cells, including 4T1 cells[10].

Compounds with antioxidant properties, such as vitamin E, are
agents that can modulate intracellular ROS levels and may interact
with ROS metabolizing enzymes[8]. Vitamin E is a fat-soluble
component that originates from food and has many vital roles in
the body because of its antioxidant activity[11]. Tocotrienol (TTE),
a member of the vitamin E family, is a natural compound that can
be found in several vegetable oils, wheat germ, and several types
of nuts and seeds[12]. TTE reduces senescence in normal cells[13]. It
also exerts a cytoprotective effect on cell death induced by glutamate
through its antioxidant mechanism(14]. TTE is abundant in rice bran
in the form of fat-soluble components (oil)[15]. Rice bran is one of
the byproducts of cheap rice milling and has been used more often
as animal feed.

Rice bran acts as an anti-cancer agent through anti-inflammatory
pathways, cell cycle inhibition, cell apoptosis, and increasing the
effectiveness of chemotherapeutic compounds[16]. The dominant
active compound, namely, the vitamin E derivative TTE, affects the
physiological condition of cancer cells by increasing the apoptosis
of the caspase 3 pathway and inhibiting the G,/G, phase cell
cycle in gastric adenocarcinoma cells SGC-7901[17]. In addition,
arabinoxylan rice bran compounds increase the effectiveness of
paclitaxel against MCF-7 breast cancer cells[18]. A previous study
evaluated the efficacy of TTE compounds in breast cancer MCF-7/
Adr and T47D cells[19]. Considering the activity of these synthetic
compounds, further studies should assess the activity of rice bran
extracts (RBE) containing vitamin E complex compounds in
malignant breast cancer, such as in triple-negative subtype breast
cancer. This study aimed to explore the potential of rice bran in
the form of fat-soluble components as a co-chemotherapeutic and
cytoprotective (anti-aging) agent. We employed the 4T1 cells as the
representative of TNBC cells characterized by highly proliferative
and metastatic properties[20] and NIH-3T3 cell line served as a
representative of non-cancer cells[21]. Since cell cycle arrest and
apoptosis are important markers of the cytotoxic effect of anti-cancer
agents[22] which are closely correlated to an abrogation of cell cycle
progression permanently through cellular senescence[23] and ROS
generation, we investigated the effect of RBE combined with Dox on
4T1 cells via determination of cell cycle arrest and apoptosis in this

study.

2. Materials and methods

2.1. Sample preparation

Rice bran that originated from white rice (Oryza sativa) was
obtained from a rice milling in Solo, Indonesia. The identification
was performed in the Faculty of Pharmacy, Universitas Gadjah
Mada, Indonesia. Approximately 75 g of the rice bran was extracted
by maceration using n-hexane (1:3) as the solvent. Remaceration
was carried out after 2 d, and the produced macerate was evaporated

to obtain the oil extract yield.

2.2. Cell culture

4T1 and NIH-3T3 cell lines were provided by Nara Institute of
Science and Technology, Japan. DMEM medium (Sigma) was
used to maintain 4T1 and NIH-3T3 cells. DMEM culture was
supplemented with sodium bicarbonate (Sigma), HEPES (Sigma),
1% penicillin-streptomycin (Gibco), and 10% v/v FBS (Sigma).

2.3. Metabolites profiling

Metabolite profiling of RBE was carried out by high-performance
liquid chromatography (HPLC) (Hitachi Japan) with a reversed-
phase C18 column and acetonitrile:water (80:20) as the mobile
phase. A 20 pL aliquot of the sample was injected with a flow rate of
1 mL/min and detected by UV-Vis. Vitamin E (EverE®) was used as

a reference.

2.4. Cytotoxic assay

4T1 and NIH-3T3 cells with a density of 2500 and 1x10* cells/
well, respectively, were grown onto 96-well plates and then treated
with various doses of RBE (10-500 pg/mL) or Dox (Sigma)
(10-1 000 nM) or both at the selected concentrations. After being
incubated for 24 h, the cells were washed in phosphate buffer saline
(PBS), and MTT reagent (Biobasic) was added into each well. After
around 4 h, formazan crystals formed, a stopper solution (0.01 M
HCI containing 10% SDS) was added, and the plate was incubated
overnight in a dark place. The absorbance of the plate was obtained
on an ELISA reader at A 595 nm (BioRad). The absorbance data
were converted into percent of cell viability to calculate the ICy, and
combination index (CI) values.

We calculated the CI values based on the formula[24]:

D1 D2

Cl=
Dxl ' Dx2

Dx1 and Dx2 are the concentrations of each agent which cause x%
effect, while D1 and D2 are the concentration of the agents used in
the combination treatment. The classification of CI values is: Cl<1,
=1, and >1 indicates synergism, additive effect and antagonism,

respectively.



176 Ummi Maryam Zulfin et al./ Asian Pacific Journal of Tropical Biomedicine 2021; 11(4): 174-182

2.5. Cell cycle analysis

4T1 cells (2x10° cells/well) were grown onto a six-well plate. The
cells were treated with RBE or Dox (Sigma) or both at selected
concentrations following 24 h of treatment. Cells were harvested by
spin centrifugation. The collected cell pellets were then washed with
a buffer solution as described by the manufacturer (BD Cycletest "
Plus DNA Kit; BD Biosciences, San Jose, USA). The treated cell
suspension was measured using an Accuri C6 (BD Bioscience) flow

cytometer. Data were analyzed using BD C6 Software.

2.6. Apoptosis assay

A flow cytometry-based assay using annexin V -PI staining was
used for apoptosis analysis. 4T1 cells (2x10° cells/well) were
grown onto a six-well plate. The cells were treated with RBE or
Dox (Sigma) or both at selected concentrations following 24 h
of treatment. The cells were then harvested and proceeded to be
centrifuged. The Annexin- V -FLUOS staining kit (Roche) was used
to stain the cells for 10 min incubation. The treated cell suspension
was measured with an Accuri C6 (BD Bioscience) flow cytometer.

Data were analyzed using BD C6 Software.

2.7. ROS assay

4T1 and NIH-3T3 cells (5x10" cells/well) were grown on a 24-well
plate. The medium was removed, and then the cells were washed
with PBS and added with 200 pL of trypsin-EDTA 0.25% (Gibco).
Trypsin was removed, and 500 pL of 1X supplemented buffer (PBS
containing fetal bovine serum 10%) was added. Suspended cells
were collected into a dark microtube, stained with 25 uM DCFDA,
and then incubated for 30 min in a 37 ‘C CO, 5% incubator. The
cells were treated with RBE or Dox (Sigma) or both at selected
concentrations for 4 h. Dox was used as a positive control. The
measurement of ROS level from at least 20 000 cells was done
using a BD Accuri C6 flow cytometer (BD Bioscience) at 485 nm

excitation wavelength and 535 nm emission wavelength.

2.8. Senescence assay

4T1 and NIH-3T3 cells (1.2x10° cells/well) were grown on a Six-
well plate, and treated with RBE or Dox (Sigma) or both at selected
concentration overnight. The cells were then washed with 1XPBS. A
fixation solution containing 2% formaldehyde was added, and then
the cells were incubated for 20 min at 25 “C. The cells were washed
with 1XPBS, stained with X-Gal solution, and then incubated at 37
°C. Observations were made using a microscope (CKX-41 Olympus)
at 200x magnification. The green color of the cells indicated

senescence.

2.9. Glutathione—S—transferase (GST) activity assay

A cytosolic fraction containing GST was prepared from chicken

liver. Centrifugation was carried out to help cell lysis to facilitate
GST isolation. A total of 250 uL. homogenate was added to 300 uL
of loading buffer. Furthermore, centrifugation and determination of
GST enzyme activity were carried out. In 30 puL cell lysates, 920
uL of phosphate buffer (0.1 M, pH 6), 20 pL of glutathione (GSH),
20 L of 1-chloro-2,4-dinitrobenzene (CDNB), and 10 pL of RBE
in dimethyl sulfoxide were added. The mixture was observed with
a spectrophotometer at A = 340 from minute O to minute 3 after
addition of CDNB.

2.10. Molecular docking

Molecular interaction between TTE with GST-pi was simulated
by molecular docking following a previous method[25]. The default
setting was applied MOE 2010.10 (Licensed of Faculty of Pharmacy
UGM) for molecular docking simulation. The structure of TTE was
subjected to geometry optimization using MMFF94x force field
and conformational search in MOE. The crystal structure GST-pi in
complex with natural ligand GSH (PDB ID 3SCH) was downloaded
from Protein Data Bank. Compound with the lowest docking score

was collected, and the binding interaction was analyzed.

2.11. Statistical analysts

All data with triplicate measurement were analyzed through one-
way ANOVA followed by Bonferroni posi—hoc test using SPSS v.16.
Data are expressed as mean + SD of three independent experiments.

Statistically significant differences were considered at P < 0.05.

3. Results

3.1. Extraction and characterization of RBE

Rice bran was successfully extracted with n-hexane to obtain about
18.42% wiw yield of oil extract (RBE) (approximately 17 mL of oil)
characterized by liquid with yellow-brown color and rice bran aroma.
HPLC analysis of the oil was then conducted to characterize the
separating profiles (peaks) in comparison with commercial vitamin
E (Supplementary Figure). The chromatograms of both samples
showed a slight difference in the retention time of the main peak.
The retention time of vitamin E was achieved at 1.5 min, whereas
that of RBE was at 1.99 min. The difference in peak position could
be caused by the difference in the compound’s polarity, suggesting
that RBE may contain a less polar compound than vitamin E

(tocopherol). This compound was predicted to be TTE.

3.2. Cytotoxic effect of RBE

The cytotoxic activity of RBE alone or in combination with Dox
against cancer cells was evaluated. We found that RBE did not
decrease cell viability significantly at the concentration up to 250

ug/mL on both cells, confirming that RBE did not have a cytotoxic
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Figure 1. Cytotoxic effect of RBE on 4T1 and NIH-3T3 cells. Cytotoxic effect was evaluated using MTT assay. (A) The effect of RBE on cell viability of 4T1
and NIH-3T3 cells. (B) The cytotoxic profile of Dox in 4T1 cells. (C) The viability of 4T1 cells treated with RBE alone and in combination with Dox (n=3).
Data are expressed as mean = SD of three independent experiments. P < 0.05, “P<0.01. RBE: rice bran extract, Dox: doxorubicin.

A B
#SubG, mG/G, =S ® G,/M = Live = Apoptosis m Necrosis
100 100
80 80
S & 60
g £
3 =]
S 40 8 40
20 20
0 0
RBE (ug/mL) - - 100 100 200 200 RBE (ug/mL) - - 100 100 200 200
Dox (10nM) - + - + - + Dox (10nM) - + - + - +

Figure 2. Cell cycle distribution and apoptotic effects of RBE alone and in combination with Dox. 4T1 cultured cells were treated with RBE 100 and 200 ug/
mL and in combination with Dox at 10 nM for 24 h and subjected to cell cycle analysis by propidium iodide (PI) staining as well as annexin V /PI staining
by flow cytometry (n = 3). (A) Cell cycle distribution profile. (B) Apoptotic cell profile. Data are expressed as mean + SD of three independent experiments.
Different letters (a-e) represent significant difference, P<0.01.
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Figure 3. Induction of senescence following RBE treatment in 4T1 cells. Senescent cells were analyzed using the SA-B-galactosidase staining assay. (A) The

morphology of cells was observed after 24 h staining under an inverted microscope. (B) The percentage of senescent cells was determined after treatment. Data
are expressed as mean = SD of three independent experiments. P < 0.05, “P<0.01.
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effect on both cells (Figure 1A). Cytotoxic assay of Dox revealed  physiological phenomena.

an ICy, value of 552 nM (Figure 1B). However, RBE at the non-

toxic concentration (100 and 200 pug/mL) significantly promoted (P 3.3. Flow cytometry for cell cycle and apoptosts profiling

< 0.05) the reduction of 4T1 cell viability by Dox treatment (Figure

1C). Interestingly, co-treatments of RBE at 100 and 200 pg/mL The single treatment of RBE showed no significant effect as
with Dox showed CI values of 0.70 and 0.58, respectively. These CI  confirmed by similar profiles to the untreated cells. Dox alone at a
values less than 1 indicate that the co-treatments have synergistic ~ low concentration (10 nM) did not affect cell viability but changed
properties. These synergistic effects might be affected by different  the cell cycle profile with increased cell accumulation at G,/M (P <
molecular events of each component that lead to the changes in the  0.01).
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Figure 4. Induction of ROS following RBE treatment in 4T1 cells. Intracellular ROS level upon RBE treatment alone and in combination with Dox. 4T1
cultured cells were treated with RBE 100 and 200 ug/mL and in combination with Dox at 100 nM for 4 h and subjected to ROS detection with DCFDA staining
using flow cytometry (n = 3). (A) Flow cytogram of ROS level in 4T1 cells. (B) ROS level profile of 4T1 cells. Data are expressed as mean + SD of three
independent experiments.
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Figure 5. Inhibition effect of RBE on GST activity. GST activity was measured using cytosolic fractions obtained from a chicken liver at concentrations of 50,
100, and 200 pg/mL. Molecular docking was performed on o-tocotrienol at the glutathione binding site. (A) GST activity profile following RBE treatment. (B)
Interaction and docking score between glutathione and a-tocotrienol proteins. GST: glutathione-S-transferase, GS-DNB: glutathione-S-dinitrobenzene. Data
are expressed as mean = SD of three independent experiments. "P<0.05 “P<0.01.
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The combination treatment increased cell accumulation at the sub-
G, phase compared with Dox treatment alone (Figure 2A), which
indicates the increased apoptotic cells. Moreover, 200 pg/mL RBE
showed the more significant effect than 100 pg/mL RBE. Flow
cytometry analysis based on annexin V/PI staining confirmed that
combination treatments of RBE (in both concentrations) and Dox

increased apoptosis significantly (P < 0.01) (Figure 2B).

3.4. Effect of RBE on senescence of 4T1 cells

To confirm that senescence effect correlated with cell cycle and
apoptosis modulatory effects, we carried out SA-B-Gal assay. We
used a sub-cytotoxic dose of Dox (<ICs,) to avoid the apoptosis
evidence, allowing us to observe the senescent cells marked by SA-
B-Gal staining. By this setting, we could find the cell shape without
any change in morphology, and detect differences in SA-B-Gal-
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Figure 6. Induction of ROS following RBE treatment in NIH-3T3 cells. Intracellular ROS level upon RBE treatment alone and in combination with Dox by
DCFDA staining assay. NIH-3T3 cultured cells were treated with RBE at 100 and 200 pg/mL and in combination with Dox at 10 nM for 4 h and subjected to
ROS detection with DCFDA staining using flow cytometry (n = 3). (A) Flow cytogram of ROS signal distribution. (B) ROS level profiles. Data are expressed

as mean = SD of three independent experiments. *P<0.01.
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Figure 7. Inhibition of senescence following RBE treatment in NIH-3T3 cells. Senescent cells were analyzed using the SA-B-galactosidase staining assay. The

morphology of cells was observed after 72 h staining under an inverted microscope with a magnification of 200x.
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positive cell profiles with respect to the senescent cells (Figure 3A).
Dox significantly increased the number of senescent cells compared
with the untreated cells (P < 0.01), but RBE exerted no effect on cell
senescence. Interestingly, RBE enhanced the senescence effect of
Dox treatment on 4T1 cells.

3.5. Effect of RBE on the ROS generation of 4T1 cells

We then evaluated the increase in the senescence effect of
RBE concomitant with ROS production in the 4T1 cells. In this
experiment, we used Dox at 100 nM and performed the observation
after 4 h of treatment to avoid the cytotoxic effect at a longer time.
The flow cytogram of ROS profiles exhibited the same pattern
except for Dox. Dox increased the ROS level in 4T1 cells, whereas
RBE did not cause significant changes in the ROS level (Figure
4A-4B). This result indicated that RBE does not affect the ROS
generation in 4T1 cells induced by Dox treatment. This phenomenon
seems irrespective of the senescence effect in this same cell, which
should be clarified on the healthy or non-cancer cells to evaluate its
cytotoxicity. However, the nonfunctional antioxidant property of
RBE should also be confirmed accordingly, considering that TTE

may also interact with ROS metabolizing enzymes.

3.6. Inhibitory property of RBE against GST

We then evaluated whether or not TTE, the main constituent of rice
bran oil, possesses the property as a GST inhibitor. Accordingly,
we confirmed that RBE inhibited GST activity in a dose-dependent
manner (P < 0.01) (Figure 5A). We could also predict the interaction
of TTE with GST at the GSH binding site through molecular
docking. Docking scores showed that the interaction force between
TTE and GST (-10.09) was lower than that between GSH and GST
(=12.26), but it may still be able to compete on the same amino acid
residues (Figure 5B). This result indicates that the TTE interaction
with GST in RBE contributes to the effect of not decreasing ROS
and increasing senescence in 4T1 cells.

3.7. Effect of RBE on the ROS generation of NIH-3T3 cells

We further assessed the ROS generation in non-cancer cells NIH-
3T3 under the treatment of RBE and Dox. In this treatment, Dox
significantly increased intracellular ROS (Figure 6A-6B), whereas
RBE at the concentration of 200 ng/mL showed no change compared
with the the control. Treatment of RBE impeded the ROS induction
of Dox. This phenomenon confirms the inhibitory effect of RBE on

Dox-induced ROS generation.

3.8. Effect of RBE on senescence of NIH-3T3 cells

Dox exerted a similar effect (i.e., slightly increased) on ROS
generation on both 4T1 (cancer) and NIH-3T3 (non-cancer) cells,
as shown by a significantly (P<0.01) high population of green color
cells (22.10£3.16)% that represented the senescent cells (Figure
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7). By contrast, RBE treatment with Dox significantly (P<0.01)
decreased SA-B-Gal-positive cells [(0.30+0.15)% for RBE 100
pg/mL and (0.10+0.14)% for RBE 200 pg/mL in combination
with Dox], which were lower than those of the untreated cells
[(0.40£0.07)%]. This result demonstrated that RBE can prevent

senescence caused by Dox.

4. Discussion

This research evaluated the potential of RBE (Oryza sativa L.) as
a co-chemotherapeutic agent with Dox on 4T1 TNBC cancer cells
as well as its adverse effects, specifically senescence on fibroblast
cells. Dox was used as a chemotherapeutic agent model in this
study because of its general mechanism in inhibiting the growth of
TNBC cells but with side effects, including senescence acceleration
of normal cells and resistance problems in patients[5.26]. These side
effects are recognized mainly because Dox increases intracellular
ROS and triggers senescence in exposed cells[27.28]. Because of its
general and non-selective mechanism, the use of Dox is also at risk
for normal cells, especially fibroblast cells[29.30]. Therefore, this
study analyzed the effects of RBE and Dox co-treatment on NIH-
3T3 cells as a model of non-cancer fibroblast cells.

Although RBE up to a concentration of 200 pug/mL did not show
cytotoxic effects on 4T1 cells, it significantly increased the cytotoxic
effects of Dox. This increased cytotoxic effect seemed to be related
to the effect of senescence induction in cells, which is believed to
be related to cell cycle arrest and apoptosis. The ability of natural
ingredients to enhance cytotoxic effects through increased cell
senescence is also found in galangal(3] extracts and curcumin(8].
These agents exert these effects by inhibiting the activity of
antioxidant enzymes, such as GST[8]. RBE also had the same
mechanism, as shown by the ability of TTE (the main constituent
of RBE) to interact with GST, and decreased GST enzyme activity.
However, further investigations are still needed to explore the
possibility of inhibition of other antioxidant enzymes.

The cytotoxic effect against 4T1 cells showed that RBE has the
potential to be further developed as a co-chemotherapeutic agent
with Dox to overcome TNBC cancers. This research is limited to the
TNBC cell model originating from mice. Thus, it still needs to be
investigated with TNBC breast cancer models from humans, such
as MDA-MB-254 cells, for further development. However, the 4T1
cells used in this study also easily metastasize; thus, the effect of
RBE in combination with Dox not only on the proliferation but also
on the migration ability of cells needs to be observed|20]. This will be
an interesting challenge for further research.

The ability of RBE to strengthen apoptotic effects through increased
senescence and intracellular ROS production in cancer cells needs
to be evaluated for their effects on normal cells. Dox increases
ROS production through oxidation-reduction reactions that convert
compounds into free radicals in cells[31]. DCFDA staining assay
showed that RBE significantly reduced the ROS levels induced by
the positive control Dox in NIH-3T3 cells, which may be attributed
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to TTE contained in RBE with a radical scavenging property. These
results are consistent with those of previous studies, which showed
that TTEs have better radical scavenging ability than tocopherols|32].

The radical scavenging activity is indispensable for fibroblast cells,
which maintain skin elasticity. In this study, Dox was exposed to
fibroblast cells as a model of chemical exposure to skin damage
through increased radicals. Thus, the results of this study can be
used as a basis for further development of rice bran in preventing
skin damage caused by free radical compounds by UV light[33]. The
results of this study also agree with previous studies, which showed
that TTE could prevent the appearance of wrinkles caused by
exposure to UV light[34].

Moreover, this study also showed that RBE provided different
senescence effects between cancer and non-cancer cells. RBE
tended to have a synergistic effect in increasing the incidence of
senescence with Dox in cancer cells. Conversely, RBE decreased
the senescence effects of Dox in non-cancer cells. Senescence is
one of the hallmarks of aging, characterized by increased activity
of SA-B-Gal. In this study, Dox increased cell senescence possibly
through increased ROS generation. Our results confirmed that RBE
also reduced the incidence of senescence caused by Dox with a
sharp decrease in ROS generation in non cancer cells. These results
are in accordance with previous results that TTEs can reduce SA-
B-Gal activity[35], suggesting that rice bran oil can be used as a co-
chemotherapeutic agent that is safe for healthy cells.

In this study, NIH-3T3 represents a healthy fibroblast cell line.
This cell line has often been used as a model of skin-supporting
cells, which can be induced to become senescent cells. Naturally,
fibroblast cells are also susceptible to physical and chemical agents
that can affect cellular physiology, which can cause signs of aging,
such as increased activity of SA-B-Gal, MMP expression, wrinkles,
and collagen degradation[36]. Thus, RBE has the potential to be
developed as an anti-aging agent for skincare.

Overall, the results of this study show the potential of rice bran
not only as a co-chemotherapeutic agent but also as a natural
ingredient to prevent premature aging associated with ROS and
cellular aging. These potential effects are most likely due to the
relatively high content of TTEs in rice bran. TTE is a non-polar
substance which, in subsequent developments, is necessary to be
characterized as a compound in the form of oil. However, this
research is still limited to two aspects related to aging, namely, ROS
and senescence. Therefore, further research is needed to observe
other aging characteristics, such as MMP expression, wrinkles,
and collagen degradation, to strengthen further the results of this
study. Considering that this material is obtained in the form of oil,
its development needs to be considered as a preparation that can be
applied easily, such as a serum, nanoemulsion, cream, and others.

This study can be used as a basis for developing rice bran as a co-
chemotherapeutic agent for patients with TNBC through increased
Dox cytotoxicity related to the effects of ROS and apoptosis

induction on cancer cells. Rice bran also has the potential to

overcome the side effects of Dox in normal cells or to counteract
aging caused by oxidative stress. This potential needs to be explored

further by examining other markers related to cytotoxicity and aging.

Conflict of interest statement

‘We declare that we do not have conflict of interest.

Acknowledgments

This work is mainly supported by RTA program of Universitas
Gadjah Mada 2020.

Authors’ contributions

EM designed the study. UMZ, AR, MH, RYU, and SH carried out
the laboratory works. UMZ and AR analyzed the data. EM and UMZ
prepared the manuscript. EM wrote the manuscript. All authors read

and approved the final version of the manuscript.

References

[1] Zheng J, Lee HCM, bin Sattar MM, Huang Y, Bian JS. Cardioprotective
effects of epigallocatechin-3-gallate against doxorubicin-induced
cardiomyocyte injury. Eur J Pharmacol 2011; 652(1): 82-88.

[2] Thorn CFE, Oshiro C, Marsh S, Hernandez-Boussard T, McLeod H, Klein
TE, et al. Doxorubicin pathways: Pharmacodynamics and adverse effects.
Pharmacogenet Genomics 2011; 21(7): 440-446.

[3] Ahlina FN, Nugraheni N, Salsabila IA, Haryanti S, Da’i M, Meiyanto
E. Revealing the reversal effect of galangal (Alpinia galanga L.) extract
against oxidative stress in metastatic breast cancer cells and normal
fibroblast cells intended as a co-chemotherapeutic and anti-ageing agent.
Astan Pac J Cancer Prev 2020; 21(1): 107-117.

[4] Wagner BA, Evig CB, Reszka KJ, Buettner GR, Burns CP. Doxorubicin
increases intracellular hydrogen peroxide in PC3 prostate cancer cells.
Arch Biochem Biophys 2005; 440(2): 181-190.

[5] Piegari E, Angelis A, Cappetta D, Russo R, Esposito G, Costantino S,
et al. Doxorubicin induces senescence and impairs function of human
cardiac progenitor cells. Basic Res Cardiol 2013; 108(2): 334.

[6] Gruber F, Kremslehner C, Eckhart L, Tschachler E. Cell aging and
cellular senescence in skin aging — Recent advances in fibroblast and
keratinocyte biology. Exp Gerontol 2020; 130: 110780.

[7] Meiyanto E, Putri H, Arum Larasati Y, Yudi Utomo R, Istighfari Jenie
R, Ikawati M, et al. Anti-proliferative and anti-metastatic potential of
curcumin analogue, pentagamavunon-1 (PGV-1), toward highly metastatic
breast cancer cells in correlation with ROS generation. Adv Pharm Bull

2019; 9(3): 445-452.



182 Ummi Maryam Zulfin et al./ Asian Pacific Journal of Tropical Biomedicine 2021; 11(4): 174-182

[8] Larasati YA, Yoneda-Kato N, Nakamae I, Yokoyama T, Meiyanto E, Kato
JY. Curcumin targets multiple enzymes involved in the ROS metabolic
pathway to suppress tumor cell growth. Sci Rep 2018; 8(1): 2039.

[9] Meiyanto E, Larasati YA. The chemopreventive activity of indonesia
medicinal plants targeting on hallmarks of cancer. Adv Pharm Bull 2019;
9(2): 219-230.

[10]Pljesa-Ercegovac M, Savic-Radojevic A, Matic M, Coric V, Djukic T,
Radic T, et al. Glutathione transferases: Potential targets to overcome
chemoresistance in solid tumors. Int J Mol Sci 2018; 19(12): 3785.

[11]Rizvi S, Raza ST, Ahmed F, Ahmad A, Abbas S, Mahdi F. The role of
vitamin E in human health and some diseases. Sultan Qaboos Univ Med J
2014; 14(2): e157-e165.

[12]Ahsan H, Ahad A, Siddiqui WA. A review of characterization of
tocotrienols from plant oils and foods. J Chem Biol 2015; 8(2): 45-59.
[13]Malavolta M, Pierpaoli E, Giacconi R, Costarelli L, Piacenza F,
Basso A, et al. Pleiotropic effects of tocotrienols and quercetin on
cellular senescence: Introducing the perspective of senolytic effects of

phytochemicals. Curr Drug Targets 2016; 17(4): 447-459.

[14]Saito Y, Nishio K, Akazawa YO, Yamanaka K, Miyama A, Yoshida Y, et
al. Cytoprotective effects of vitamin E homologues against glutamate-
induced cell death in immature primary cortical neuron cultures:
Tocopherols and tocotrienols exert similar effects by antioxidant function.
Free Radic Biol Med 2010; 49(10): 1542-1549.

[15]Tan BL, Norhaizan ME. Scientific evidence of rice by-products for
cancer prevention: Chemopreventive properties of waste products from
rice milling on carcinogenesis in viiro and in vivo. Biomed Res Int 2017,
2017: 9017902.

[16]Yu Y, Zhang J, Wang J, Sun B. The anti-cancer activity and potential
clinical application of rice bran extracts and fermentation products. RSC
Adv 2019; 9(31): 18060-18069.

[17]Sun W, Xu W, Liu H, Liu J, Wang Q, Zhou J, et al. y-Tocotrienol induces
mitochondria-mediated apoptosis in human gastric adenocarcinoma
SGC-7901 cells. J Nut Bio 2009; 20(4): 276-284.

[18]Badr El-Din NK, Ali DA, Alaa El-Dein M, Ghoneum M. Enhancing
the apoptotic effect of a low dose of paclitaxel on tumor cells in mice
by arabinoxylan rice bran (MGN-3/Biobran). Nutr Cancer 2016; 68(6):
1010-1020.

[19]Dronamraju V, Ibrahim BA, Brisk KP, Sylvester PW. y-Tocotrienol
suppression of the warburg effect is mediated by ampk activation in
human breast cancer cells. Nutr Cancer 2019; 71(7): 1214-1228.

[20]Steenbrugge J, Vander Elst N, Demeyere K, De Wever O, Sanders NN,
Van Den Broeck W, et al. Comparative profiling of metastatic 4T1- vs.
non-metastatic Py230-based mammary tumors in an intraductal model
for triple-negative breast cancer. Front Immunol 2019; 10: 2928.

[21]ATCC. NIH/3T3 ATCC® CRL-1658™ [Online]. Available from: https:/
www.atcc.org/Products/All/CRL-1658.aspx#characteristics. [Accessed
on 28 Feb 2020].

[22]Alimbetov D, Askarova S, Umbayev B, Davis T, Kipling D.

Pharmacological targeting of cell cycle, apoptotic and cell adhesion
signaling pathways implicated in chemoresistance of cancer cells. Int J
Mol Sci 2018; 19(6): 1690.

[23]Soto-Gamez A, Quax WIJ, Demaria M. Regulation of survival networks
in senescent cells: From mechanisms to interventions. J Mol Biol 2019;
431(15): 2629-2643.

[24]Chou TC, Talalay P. Quantitative analysis of dose-effect relationships:
The combined effects of multiple drugs or enzyme inhibitors. Adv Enzym
Regul 1984; 22: 27-55.

[25]Hermawan A, Putri H, Utomo RY. Comprehensive bioinformatics study
reveals targets and molecular mechanism of hesperetin in overcoming
breast cancer chemoresistance. Mol Divers 2019. Doi: 10.1007/s11030-
019-10003-2.

[26]Ewald JA, Desotelle JA, Wilding G, Jarrard DF. Therapy-induced
senescence in cancer. J Natl Cancer Inst 2010; 102(20): 1536-1546.

[27]Hanif N, Hermawan A, Meiyanto E. Caesalpinia sappan L. ethanolic
extract decrease intracellular ros level and senescence of 4tl breast
cancer cells. Indones ] Cancer Chemoprevent 2019; 10(1): 16-23.

[28]Cappetta D, De Angelis A, Sapio L, Prezioso L, Illiano M, Quaini F, et
al. Oxidative stress and cellular response to doxorubicin: A common
factor in the complex milieu of anthracycline cardiotoxicity. Oxid Med
Cell Longev 2017; 2017: 1521020.

[29]Tacar O, Sriamornsak P, Dass CR. Doxorubicin: An update on anticancer
molecular action, toxicity and novel drug delivery systems. J Pharm
Pharmacol 2013; 65(2): 157-170.

[30]JArif IS, Hooper CL, Greco F, Williams AC, Boateng SY. Increasing
doxorubicin activity against breast cancer cells using PPARy-ligands and
by exploiting circadian rhythms. Br J Pharmacol 2013; 169(5): 1178-
1188.

[31]Henninger C, Fritz G. Statins in anthracycline-induced cardiotoxicity:
Rac and Rho, and the heartbreakers. Cell Death Dis 2018; 8(1): e2564.
[32]Alauddina M, Islama J, Shirakawaa H, Kosekib T, Ardiansyahc, Komaia
M. Rice bran as a functional food: An overview of the conversion of
rice bran into a superfood/functional food. In: Waisundara V, Shiomi N
(eds.) Superfood and functional food — An overview of their processing and

utilization. InTech, Rijeka, Croatia; 2017, pp. 291-305.

[33]Wang AS, Dreesen O. Biomarkers of cellular senescence and skin aging.
Front Genet 2018; 9: 247.

[34]Makpol S, Jam FA, Khor SC, Ismail Z, Mohd Yusof YA, Wan Ngah WZ.
Comparative effects of biodynes, tocotrienol-rich fraction, and tocopherol
in enhancing collagen synthesis and inhibiting collagen degradation in
stress-induced premature senescence model of human diploid fibroblasts.
Oxid Med Cell Longev 2013; 2013: 298574.

[35]Jaafar F, Abdullah A, Makpol S. Cellular uptake and bioavailability of
tocotrienol-rich fraction in SIRT1-inhibited human diploid fibroblasts.
Sei Rep 2018; 8: 10471.

[36]Lago JC, Puzzi MB. The effect of aging in primary human dermal
fibroblasts. PLoS One 2019; 14(7): e0219165.



Reactive oxygen species and senescence modulatory effects of rice bran extract on 4T1
and NIH-3T3 cells co-treatment with doxorubicin

Ummi Maryam Zulfin', Ave Rahman', Mila Hanifa!, Rohmad Yudi Utomo®?, Sari Haryanti*,
Edy Meiyanto=*"

1Cancer Chemoprevention Research Center, Faculty of Pharmacy, Universitas Gadjah Mada
(UGM), Sekip Utara, Yogyakarta 55281, Indonesia

2L aboratory of Medicinal Chemistry, Department of Pharmaceutical Chemistry, Faculty of
Pharmacy, UGM, Sekip Utara, Yogyakarta 55281, Indonesia

3Laboratory of Macromolecular Engineering, Department of Pharmaceutical Chemistry,
Faculty of Pharmacy, UGM, Sekip Utara, Yogyakarta 55281, Indonesia

*Medicinal Plant and Traditional Medicinal Research and Development Centre, Ministry of
Health, Republic of Indonesia

“corresponding author

Edy Meiyanto, PhD.

Professor,

Address: Cancer Chemoprevention Research Center, Faculty of Pharmacy, Universitas
Gadjah Mada. Sekip Utara, Yogyakarta 55281, Indonesia

E-mail address: edy_meiyanto@ugm.ac.id

Phone: +62 812 2735 092

Fax number: +62274 543120.

Supplementary Figure.

HO X
| /\)\ |
Rs o~ /\/\CH3

CH,
Tocopherols

0 1 2 3 8 s 10
Chrom Typs ch. 1 Ry
~ Ho\ N
C.. ] ) \‘ X CHy CHy CHy
i Z : F \/\)\/\/k
250 R3 07 : N CH;
E CHs
£ 200 li CHy
= E
H 150 |
H

Tocotrienols

Retention Time (min)

Supplementary Figure. Rice Bran Extract (RBE) and its Phytochemical Profile. RBE was
obtained through maceration with n-hexane solvent. The phytochemical profile of RBE was
detected using HPLC (Hitachi UV-Vis Detector), sample was added manually to the
instrument and separated using reverse phase column C18 and mobile phase consisting of
acetonitrile: water (80:20). Sample injection amount of 20 pL. with a rate of 1 mL/min for 30
min. (A) Rice Bran Extract (B) Vitamin E standard chromatogram (C) RBE chromatogram
(D) Chemical structure of tocopherol (TP) and tocotrienol (TTE).



