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Abstract

adverse
the use of doxorubicin

ACKGROUND: The presence of
side effects limits

(Dox) despite its cost-effectiveness compared
to other chemotherapeutic agents. Brazilein (Be), the
major compound of Caesalpinia sappan, performs co-
chemotherapeutic potency in several cancer cell lines. This
study evaluates the chemosensitizing effects of Be to Dox

on colon cancer cell line, WiDr.

METHODS: The 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl-2H-tetrazolium bromide (MTT) assay was
conducted to evaluate the cytotoxic effect of Be and its
combination with Dox. The synergistic effect of Be and
Dox was examined by using the Combination index (CI)
parameter. Cell cycle and apoptosis profiles were done
using flow cytometry with propidium iodide (PI)/RNase
and Annexin V staining, respectively.

RESULTS: The combination of Dox and Be at half of
IC,, on WiDr cells showed a synergistic effect with a

combination index of 0.4. Analysis of the cell cycle revealed
that the combination caused cell cycle termination at the S
and G2/M phase. This finding corresponded with the data
that single treatment of Dox and Be induced cell cycle
arrest at the different phases, namely S and G2/M phase,
respectively. However, the combination treatment for 24
hours did not induce apoptosis. This combination should be
further clarified as there was a possibility that many cells
may underwent permanently arrest that halts to proceed
apoptosis.

CONCLUSION: Our findings suggested that Be synergizes
with Dox to suppress the growth of WiDr cells via cell
cycle arrest, hence, Be is potential to be developed as a co-
chemotherapeutic agent. Our findings suggested that Be
synergizes with Dox to suppress the growth of WiDr cells
viacell cycle arrest, hence, Be is potential to be developed
as a co-chemotherapeutic agent.

KEYWORDS: Brazilein, colon cancer WiDr, co-treatment,
Doxorubicin, cell cycle arrest
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Introduction

Doxorubicin (Dox), as one of the first lines of
chemotherapeuticagents,iscommonly usedinthetherapeutic
regimens for several types of cancers.(1) In colon cancer,
drug resistance is a cause of chemotherapy, including Dox.
(2) Although Dox is not the primary chemotherapy for colon

cancers because it is unstable by oral administration and its
unexpected side effects, Dox is still the drug of choice due
to its cost-effective.(3) The side effects of chemotherapy can
be reduced through the application of combination therapy
(4), which can be achieved by using natural agents with
cytotoxic and anti-oxidant properties. Such this strategy
may increase the efficacy of chemotherapy and reduce the
unexpected side effects like toxicity on normal cells.(5)

376



The Indonesian Biomedical Journal, Vol.12, No.4, December 2020, p.288-389

Moreover, the natural product application can act as
a cellular chemoprotective against the destructive effect of
chemotherapy (6), allowing it to be used in combination
with doxorubicin. In many cases, 5-fluorouracil (5-FU) is
widely used to treat colon cancer, but it needs much more
dose than Dox and raises more unexpected side effects.(7)
On the other hand, Epirubicin, an enantiomer form of Dox,
is used to replace Dox to avoid the resistance.(8) However,
Epirubicin is much more expensive than Dox. Therefore,
Dox combination with natural agents can be preferred to
solve this problem of colon cancer.

This research is challenging the use of Brazilein
(Be) combined with Dox to inhibit colon cancer cell
proliferation. Be is an oxidative form of the Brazilin
compound (Figure 1), which is abundantly contained in
Sappan wood from Caesalpinia sappan.(9,10) Be will be
more abundant than Brazilin in the open-air conditions at
room temperature due to oxidation from the air, so Be is
preferred over Brazilin because it ismore chemically stable.
Brazilin and Be have investigated their anticancer activities,
both in vitro and in vivo. Both compounds have vigorous
cytotoxic activities in some cancer cells, such as MCF-7
(11), 4T1 (12), MCF-7/HER2 (13), MDA-MB (14), and
other types of breast cancer cell line (15). The anticancer
mechanism of the two compounds occurred through cell
cycle arrest in the G2/M phase and apoptosis tracking (10)
and can inhibit cancer cells' migration, which allows both
compounds as anti-metastatic agents (14,15). The two
compounds also showed synergistic effects with cisplatin on
WiDr colon cancer cells.(10) We also realized that Sappan
wood extract exhibits aldose reductase inhibition that may
increase reactive oxygen species (ROS) generation due to
chemotherapeutic treatment.(16) Since ROS has a role in
the malignant transformation of primary tumors to increase
their metastatic potential (17), the increasing effect of
Sappan wood extract will contribute to the cytotoxic activity
of chemotherapeutic agents occur through senescence and
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apoptosis. Therefore, Sappan compounds possess potential
cytotoxic or co-chemotherapeutic activities. We propose
that Be may increase the cytotoxic effect of Dox on colon
cancer cells.

Colon or colorectal cancer isstill aninterestingissuein
developing therapeutic research, including natural products.
Colon cancer generally appears and shows symptoms when
it reaches an advanced stage, making it more difficult to
cure.(18,19) The process of colorectal tumors progression
from benign to malignant begins from the adenomatous
polyposis coli (APC) gene followed by clonal expansion
through the basement membrane, allowing colon cancer
cells metastasize very quickly to reach distant organs.
(20) Therefore, chemotherapy of colorectal cancer will
be the foremost choice, although there remains the risk of
unexpected side effects and the emergence of resistance.(21)
Besides, colon cancer generally also causes inflammation
and is metastatic.(22) With such phenomena, Be as a co-
chemotherapeutic agent for Dox is expected to overcome
these problems, considering that Be also has strong anti-
oxidant properties (23) that may reduce the inflammatory
symptom of cancer (24). The WiDr cell used in this study
is a colon cancer cell model that is characterized to be
proliferative and metastatic.(25) This study aimed to
evaluate Be's synergistic potential as a co-treatment of Dox
against WiDr colon cancer cells, including its cytotoxic
effects, cell cycle, and apoptosis in both single treatment
and its combination with Dox. This study will be useful to
provide scientific data for brazilein to be developed as co-
chemotherapy on colorectal cancer.

Methods

Materials
Be was provided by Cancer Chemoprevention Research
Center (CCRC), Faculty of Pharmacy, Universitas Gadjah

B.

Figure 1. Chemical structuresof Be (A) and Brazilin (B).
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Mada, Indonesia.(26) Be dissolved in dimethyl sulfoxide
(DMSO) (DMSO pro GC, Sigma Aldrich Chemie gmBH,
Steinheim, Germany) to reach a stock concentration of 1
mM. Be was prepared by diluting the stock solution with the
culture medium to reach the DMSO concentration below 0.1
% v/v. Dox (Combiphar/Pharmachemie, Jakarta, Indonesia)
used as a chemotherapeutic agent.

Cell Culture

In this study, the WiDr cell line originally was obtained from
Parasitology Laboratory, Faculty of Medicine, Universitas
Gadjah Mada, Indonesia, and maintained by CCRC under
American Type Culture Collection (ATCC) protocol. Cells
were cultured at 37°C with a humidified incubator, 5% CO.,,
in a suitable medium for WiDr cells Roswell Park Memorial
Institute (RPMI) (Gibco, Waltham, MA, USA) supplemented
with 10% Fetal Bovine Serum (FBS) (Gibco), 10,000 units/
mL penicillin-10,000pg/mL streptomycin (Gibco).

Cytotoxicity Assay

Cytotoxicity of Be, Dox, and its combination on WiDr
cells were determined using 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay.
Cells were distributed into a 96-well plate with the density
of 1x10* cells/well, then incubated in a 37°C incubator
supplemented with 5% CO, for 24 hours. Be and Dox were
diluted in culture medium using DMSO as co-solvent with
concentration not more than 0.1 % v/v. After 24 hours of
incubation, the culture medium was removed, followed by
washing with phosphate-buffered saline (PBS). Then, 0.5
mg/mL of MTT in PBS was added, followed by 4 h ours
incubation in 37°C with 5% CO.,. After that, 10% sodium
dodecyl sulfate (SDS) in HC1 0.01N as a stopper reagent is
then added overnight at room temperature. The absorbance
was determined spectrophotometrically at A 595 nm on a
microplate reader (Biorad Model 680, Hercules, CA, USA).

Flow Cytometry

Apoptosis and cell cycle analysis carried out using flow
cytometry (BD FACSCalibur, BD, Franklin Lakes, NJ,
USA). A 5x10° cells/well were cultured in 6 well plate and
treated with Be (1x10* ug/mL), Dox (3.68x10% uM), and a
combination of Be-Dox for 24 hours. After 24 hours, the
cells were rinsed with PBS and centrifuged at 2000 rpm for
5 minutes. The attached cells were detached with 200 puL
of trypsin-EDTA for 3 minutes, then added 1 mL of RPMI
and centrifuged at 2000 rpm for 5 minutes. For cell cycle
analysis, the samples were added of 25 pL propidium iodide
(minimum 95% high-performance liquid chromatography

Indones Biomed J. 2020; 12(4): 376-83

(HPLC)) (Sigma-Aldrich, St. Louis, MO, USA), 2.5 pL
RNase, and 0.5 pL Triton-X (triton X-100 for GC) (Merck,
Darmstadt, Germany) in 500 pL PBS and subjected for
flow cytometry analysis after incubated for 10 minutes in
darkness at a temperature of 37°C. For apoptosis assay,
the treated cells were stained using Annexin-FLUOS/PI
staining kit as guided by the protocol kit (Roche, Basel,
Switzerland). The treated cells were subjected to flow
cytometry measurement, and data were analyzed using
ModFit LT 4.0 software (Verity Software House, Topsham,
ME, USA).

Statistical Analysis

All data expressed as mean and standard deviation (SD).
Statistically significant differences were determined by
student t test with the significance consideration of p<0.05.

Results

Cytotoxic Effects of Be and Dox

Be has been deeply explored for its anticancer properties
in several cancer types. We challenged Be to improve
the cytotoxic activity of Dox against WiDr, colon cancer
cells known to have p53 mutation, and resistance to Dox.
Cytotoxic activity, as an initial evaluation at 24 hours
treatment, revealed that Dox performed a high cytotoxic
effect with the IC ) of 2 uM (Figure 2B). In contrast, Be
exhibited a weak cytotoxic activity with an IC,; value of
130 uM (Figure 2A). Both compounds expressed a dose-
dependent effect against the tested cells, WiDr. They
caused changes in the morphological appearance of cells
at the relatively high doses of the respective compounds.
These morphological changes, such as spherical shape
and shrinkage of the cell membrane, perhaps correlate to
the cells' physiological disruption. These are due to the
treatment characterized as cell arrest or cell death.

Synergistic Effect of Be and Dox

Dox was expected to have an IC_ value in less than 1
puM. This result indicated that the WiDr cells exhibited a
resistance phenomenon to Dox. On the other hand, Be is
not strong enough to have a cytotoxic effect on WiDr cells.
Therefore we conducted a co-treatment between Dox and Be
on WiDr cells in the respected series of concentration. We
found that the increasing concentration of the co-treatment
results in the more decreasing cell viabilities (Table 1).
The most potent effect, which shows approximately 55%
of cell viability, was performed at the Dox 1 uM (half of
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Cell viability (%)

Concentration (uM)

Untreated Doxorubicin 0.25 uM

Doxorubicin 0.5uM  Doxorubicin 1 uM

Figure 2. Cytotoxic effect of Be and Dox. WiDr cells were treated with serial concentrations of Be and Dox for 24 hours and subjected
to MTT assay as described in the method. A: Cells viability profile of Be 1-250 uM treatment; B: Cells viability profile of Dox 1-3 uM
treatment. Be gives IC_; value of 130 uM while Dox was 2 uM. Cell viability profile is shown as a means=SD of 3 experiments. The linear

regressions were calculated with a p-value<0.05

IC,) with Be 65 uM (half of IC,). The co-treatment of
high concentrations of Dox (0.5 and 1 uM) and Be (32.5
and 65 uM) showed synergistic effects (Table 2). This result
indicates that Be can be used for co-treatment to increase
the cytotoxic effect of Dox on WiDr cells.

Cell Cycle Modulation Effects of Be and Dox

The further assay was done by flow cytometry to assess the
correlation between the cytotoxic property of the synergistic
effect with cell cycle distribution profiles caused by Be, Dox,
and their combination. The previous study claimed that Dox

could induce cell cycle arrest in S, G1, and G2/M phases
in some cancer cells. Simultaneously, the Be performed to
induce cell cycle arrest in S and G2/M phases. The result
illustrated that Be caused cell accumulation in S phase;
meanwhile, treated with Dox caused cell accumulation in
S and G2/M phase (Figure 3). Interestingly co-treatment of
the two agents caused cell accumulation in the S phase but
mainly in the G2/M phase, which is higher than single Dox
treatment (Figure 3). The cell cycle arrest with incredible
evidence may cause cell death by introducing apoptosis that
should be clarified further.

Table 1. The cell viability profiles of combination treatment of brazilein and Dox

at sub IC; concentration.

Concentration of

Concentration of Doxorubicin (UM)

Bl () 0 0.25 05 1
0 100 94.28 93.69 80.68
16.25 84.96 89.15 85.15 7118
325 83.44 85.3 80.11 64.48
65 72.34 63.55 518 45.15

379



Co-treatment of Brazilein Enhances Cytotoxicity of Doxorubicin on WiDr (Utami DT, et al.)

DOI: 10.18585/inabj.v12i4.1293

Indones Biomed J. 2020; 12(4): 376-83

Table 2. Combination Index (Cl) analysis of Dox with Be indicated
that the combination act synergistically.

Cl Values of Co-treatment with

Concentration of

Doxorubicin (M)
Brazilein (uM)
0.25 0.5 1
16.25 2.01 0.78 0.25
325 159 0.88 0.37
65 0.72 0.51 0.44

Effects of Be and Dox on Apoptosis

We conducted flow cytometry analysis using Annexin
V-FITC/PI staining to ascertain whether cell viability
decreased despite cell cyclearrest and subsequent cell death.
The result confirmed that Be could not increase cell death
through apoptosis induction. However, it slightly increased
necrosis cell death induced by Be in combination with Dox
compared to the single treatment of Dox. A combination of
Dox with Be and Dox alone (24 hours treatment) caused
18.2% and 25.24% cell death, respectively (Figure 4).
Overall, these flow cytometry assessments of cell death
confirmed that treatment of Dox in single and its co-
treatment with Be-induced apoptosis were not significantly
different.

Discussion

Be is the main component in Sappan wood known to have
beneficial pharmacological effects such as anti-oxidant and

A.

anticancer. In this study, Be showed a weak cytotoxic effect
on colon cancer, WiDr, but Be performed a synergistic
effect with Dox. These results are promising for Be to be
developed as a co-chemotherapeutic agent with Dox.

Dox was expected to have an IC_; value in less than
1 pM, as reported in its activities against other cancer cell
lines.(15,27) Co-treatment with Dox is expected to increase
the effectiveness of Dox, especially in dealing with colon
cancer, because so far, severa colon cancer therapy
regimens have not been able to overcome the growing
problem of resistance to colon cancer.(18,28) Dox is not
currently an option for colon cancer therapy because
Dox also has resistance problems and side effects that are
difficult to avoid and have stability problems for oral use.
(29) However, Dox is a chemotherapeutic agent relatively
inexpensive, which is still expected to be used to cure
cancer. Be can be easily obtained because of its abundant
availability in Sappan wood (10,30,31); hence, it can
be used as complementary medicine to overcome Dox's
problem.

Figure 3. Dox in combination with Be caused the changing of cell cycledistribution on WiDr cells. Cells were treated for 24 hours with
Be, Dox, and its combination and subjected for flow cytometry analysis after stained with propidium iodide/RNase. A: Flow cytogram of

cell cycle profiles; B: Quantification of cell cycle distribution.
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Figure 4. Be, Dox, and its combination induced apoptosis cells on WiDr cells. Cells were treated for 24 hours with Be, Dox, and its
combination in the respected concentration and subjected for flow cytometry analysis using annexin V-FITC/PI staining. A: Flowcytogram
profiles of treated cells; B: Quantification of cells death population of treated cells.

The synergistic effect of Be with Dox on WiDr cells
seems to be related to the induction of apoptosis and cell
cycle arrest, primarily in the S and G2/M phases. These
results are consistent with the results previously reported
that Be tended to cause cell cycle arrest in the G2/M
phase (12), while Dox causes the termination of cell cycle
mainly in the S phase by blocking the topoisomerase Il
enzyme (10,32). The combination of the two agents shows
extreme cell cycle termination in both phases, S and G2/M,
causing many cells to fail to divide, and consequently, the
cell viability drops sharply. This experiment is carried out
within 24 hours, which is the average time of one round of
cell division. Furthermore, the assay is necessary for amore
complete result to explore the effects at a much longer time.

The inhibitory effect of Be in cell cycle progression
seems to be typical for various cancer cells (11,23), which
is generally continue to occur apoptosis (15). However, the
effect of cell cycle arrest of co-treatment of Be and Dox
on WiDr cells does not appear to be related to apoptotic
induction. These were seen in the Flow cytometry analysis
(Figure 3), which did not show a significant difference in the
number of cell populations that underwent death between
Dox and combination treatment (Dox + Be). These events
can be caused by insufficient observation time, or many
cells with a permanent arrest did not execute into apoptosis.

For this reason, it is necessary to clarify whether the
combination treatment of Dox + Be will increase senescent
evidence, which is a phenomenon of permanent cell cycle
arrest. Observations on this experiment were carried out
over 24 hours for a condition of the cells that allows arrest
cells to change in different cell cycle phases, namely S
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and G2/M phases, each of which may be caused by Dox
and Be. It seems that Dox and Be carried out their effects
sequentially, even though there was a significant decrease
in cell population arrest in the S phase. This occurrence
could be due to the anti-oxidant property of Be which could
counteract the increase in intracellular ROS caused by Dox.
However, cells that pass the S phase will be hampered by
Be's progression to stop at the G2/M phase. This event is
interesting to explore further in the future.

The in vivo toxicity evaluation of the Sappan wood
extract showed its safety nature, and it can be recommended
to use in consumer products. The previous study of acute
toxicity to rats revealed that Sappan wood showed no
toxicity evidence in general behavior change, mortality, or
change in the gross appearance of internal organs up to the
dose of 5000 mg/kg.(33) Moreover, Sappan wood extract
showed no clinical signs of toxicity and no mortality in
Wister albino rats even at a dose level of 100-2000 mg/kg
after a 14 days observation period.(34) When a dose level
above 2500 mg/kg was given for 28 days, no death was
noticed up to the dose level of 5000 mg/kg body weight.
Sappan wood extract did not produce any acute or subacute
toxicity in female and male rats.(34) Besides, Sappan wood
has been used as traditional medicine and herbs drinking
formula. Sappan wood also often consumes to boost the
immune response. Therefore, Sappan wood should be safe
and suitable for healthy cells, but it can inhibit cancer cell
proliferation in a particular or relatively high concentration.
Overadl, this study provides impressive results suggesting
that Be hasthe potential to be used as a co-chemotherapeutic
agent for Dox, particularly for colon cancer. Be has a
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potential activity to suppress Dox side effects caused by
increased intracellular ROS, but Be still has a synergistic
cytotoxic effect with Dox. For this reason, the effect of
intracellular ROS modulation by Be needs to be further
investigated concerning the effects of senescence and
apoptosis on healthy cells and cancer cells to determine
a clearer mechanism. WiDr as a model of colon cancer
is metastatic, and Be shows the potential to inhibit cell
migration in breast cancer.(12,26) Therefore, Be can further
explore its inhibitory effect on the metastatic process and
colon cancer migration. Be is a compound that is abundant
in sappan wood so that in practical use, it can be an extract
that is standardized against the content of Be.

Conclusion

Be possesses low cytotoxic property toward WiDr, colon
cancer cell line, but Be can increase the cytotoxic activity of
Dox by enhancing cell cycle arrest at G2/M, providing the
prospect of Be for co-chemotherapeutic application against
colon cancer.
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