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Abstract

Breast cancer is the most harmful malignancy in women worldwide. Therefore, in the current study, we investigated the
combinatory effect of natural bioactive compounds, including curcumin (Cur) and thymogquinone (TQ), on MCF7 and
MDA-MB-231 breast cancer cell lines’ progression. We investigated the Fa values and combination index of Cur and TQ
in this context. Moreover, cytotoxicity percentages, annexin-V, proliferation, colony formation, and migration assays were
used along with cell cycle analysis. In addition, caspase-3, phosphatidylinositol 3-kinase (PI3K), and protein kinase B (AKT)
protein levels were determined by ELISA assessment. The results showed that Cur, TQ, and Cur + TQ induced apoptosis
with cell cycle arrest and decreased cell proliferation, colony formation, and migration activities. Cur + TQ combination
significantly increased caspase-3 and decreased PI3K and AKT protein levels. These results suggest the promising anticancer
benefit of the Cur and TQ combination against breast cancer.
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AKT degradation 14 and increased natural killer cells
activity.'*

Thymoquinone (TQ), the bioactive constituent of Nigella
sativa seeds, is a well-known natural bioactive compound
used to manage several cancer types.”!>!” The anticancer
properties of TQ induced their anticancer potential through
prevention of inflammation and oxidative stress, inhibition of
angiogenesis and metastasis, induction of apoptosis, upregu-
lation of specific tumor suppressor genes, and downregula-
tion of tumor-promoting genes.?’ The anticancer effect of
TQ is mainly due to the induction of apoptosis by activa-
tion of caspases, downregulation of oncogenes, inhibition
of NF-kB, reactive oxygen species regulation, hypoxia, and
anti-metastasis activity.?! Furthermore, TQ inhibited various
tumor cells’ proliferation via induction of cell cycle arrest,
disruption of the microtubule organization, and downregu-
lation of cell survival protein expression.?®?? Also, TQ
potentiated the anticancer activity of many chemothera-
peutic agents and sensitized cancer cells to radiotherapy
making it a promising molecule for cancer therapy.'®!7-1°

In the current study, we investigated the combinatory
effect of Cur and TQ on hormone receptor-positive (MCF7)
and triple-negative (MDA-MB-231) breast cancer cells
progression.

Materials and Methods

Cell Lines

Human breast cancer cell lines (MCF7 and MDA-MB-231)
were purchased from ATCC (Manassas, VA, USA). MCF7
cells were grown in low-glucose Dulbecco’s Modified
Eagle Medium (DMEM), while MDA-MB-231 cells were
raised in a high-glucose DMEM medium. Both media were
supplemented with 10% fetal bovine serum and protected
with 1% penicillin/streptomycin solution.

MTT (3-[4,5-Dimethylthiazol-2-yl]-2,
5-Diphenyltetrazolium Bromide) Assay and
Combination Index

The half-maximal inhibitory concentration (IC,y) of Cur
and TQ were determined by seeding of MCF7 or
MDA-MB-231 cells in 24-well plates (3 X 10* per well in
1.5mL) and incubated for 48 hours at 37°C in a 5% CO,
incubator. Cells were treated with 1 mL of Cur (Sigma-
Aldrich Co., MO, USA) in concentrations of 0, 5, 10, 25,
50, or 100 uM dissolved in DMSO (Sigma-Aldrich Co.) or
TQ (Sigma-Aldrich Co.) in concentrations of 0, 10, 25, 50,
100, or 200 uM dissolved in DMSO, incubated for 24 hours,
then treated with MTT reagent (1.25mg/mL) and incu-
bated for 2 hours. The resulting formazan crystals were dis-
solved in 1mL DMSO, and the optical density was
determined using a microplate reader at 570nm.° The data

of the MTT assay was analyzed by CompuSyn software
(https://www.combosyn.com/) to determine the IC,, of Cur
and TQ against MCF7 and MDA-MB-231 cells. These
experiments were repeated 3 times.

Combination index (CI) of Cur and TQ was determined
by CompuSyn software at Fa 75 (43.31uM of Cur and
64.01 uM of TQ), Fa 90 (24.91 uM of Cur and 41.16 uM of
TQ) for MCF7, Fa 75 (37.37uM of Cur and 79.09 uM of
TQ), and Fa 90 (24.50 uM of Cur and 51.76 uM of TQ) for
MDA-MB-231. CI indicates the drug combination type:
synergism (CI<1), additive effect (CI=1) or antagonism
(CI>1).

Cytotoxicity Assay

MCF7 or MDA-MB-231cells were seeded in 12-well plates
(3 X 10* per well in 1.5mL) and incubated for 48 hours at
37°C in a 5% CO, incubator. After determination of Fa 75,
90, 95, and 97 of Cur and TQ by CompuSyn software
against MCF7 and MDA-MB-231 cells, control, Cur, TQ,
and Cur + TQ cell groups were treated with Fa 75 (43.31 uM
of Cur and 64.01 uM of TQ), Fa 90 (24.91 uM of Cur and
41.16 uM of TQ), Fa 95 (17.10 uM of Cur and 30.48 uM of
TQ), and Fa 97 (13.08 uM of Cur and 24.61 uM of TQ) for
MCF7. The Fa 75 (37.37 uM of Cur and 79.09 uM of TQ),
Fa 90 (24.50uM of Cur and 51.76 uM of TQ), Fa 95
(18.38 uM of Cur and 38.79 uM of TQ), and Fa 97 (14.98 uM
of Cur and 31.60 uM of TQ) were used for MDA-MB-231
cells treatment in 1 mL of the medium. After 24 hours, cells
were treated with MTT and visualized as described in the
MTT assay. These experiments were repeated 3 times.

Annexin-V Assay

Apoptosis was analyzed by flow cytometry using annexin
V-fluorescein isothiocyanate (annexin-FITC) and propid-
ium iodide (PI) detection kit (BD Biosciences, San Jose,
CA, USA). MCF7 and MDA-MB-231 cells treated with
Cur (24.91 and 24.50 uM, respectively) and TQ (41.16 and
51.76 uM, respectively) and their corresponding control
flasks were collected and centrifuged at 500 x g for 5min-
utes at room temperature. The pellet was rinsed twice with
PBS and then resuspended in a proper volume of binding
buffer. After adding 10 uL of annexin V-FITC followed by
gentle mixing, it was incubated for 15 minutes at room tem-
perature in the dark and washed. The fluorescence intensity
of FITC was carried on a FACSCalibur™ (Becton
Dickinson) instrument, using Cell Quest software.”!

Cell Cycle Analysis

Using a FACSCalibur™ flow cytometer (Becton Dickinson,
San Jose, CA, USA) and Cell Quest software, the cell cycle
status was analyzed in MCF7, and MDA-MB-231cells
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treated with Cur (24.91 and 24.50 uM, respectively) and TQ
(41.16 and 51.76 uM, respectively).*!16:2

Cell Proliferation Assay

MCF7 or MDA-MB-231cells were cultured in 12-well
plates (3 10* per well in 1.5mL) and incubated for
48hours at 37°C in a 5% CO, incubator. Cells were treated
with Fa 90 of 1 mL of Cur (24.91 and 24.50 uM) and TQ
(41.16 and 51.76 uM) against MCF7 and MDA-MB-231
cells, respectively for 24 hours. The total viable cell number
was counted using a hemocytometer using the dye exclu-
sion method with 0.2% Trypan blue at room temperature
(Thermo Fisher Scientific, Inc.) using an inverted light
microscope (Primovert, Zeiss, Carl Zeiss Industrielle
Messtechnik GmbH, Oberkochen, Germany) at magnifica-
tion, X4 objective.”* These experiments were repeated 3
times.

Colony Formation Assay

About 2500 cells (MCF7 or MDA-MB-231) per well were
plated in 12-well plates and were allowed to grow for about
4 to 5days until small colonies could be seen. Cells were
treated with Fa 90 of 1 mL of Cur (24.91 and 24.50 uM) and
TQ (41.16 and 51.76 uM) against MCF7 and MDA-MB-
231cells, respectively, for 24 hours. Cells were fixed with
4% formaldehyde in PBS and stained with 0.1% crystal vio-
let diluted in water.”> A camera took images for each well.
These experiments were repeated 3 times.

Migration Assay

Cell migration was evaluated using the monolayer denuda-
tion assay as previously described.’* Briefly, MCF7 or
MDA-MB-231 cells were inoculated (5 X 10* per well in
1.5mL) and were cultured to 100% confluence in a 12-well
plate. Cells were then wounded by denuding a strip of the
monolayer with a 200 uL pipette tip. Cells were washed
twice with PBS and then incubated with 1 mL of Cur (24.91
and 24.50 uM) and TQ (41.16 and 51.76 uM) against MCF7
and MDA-MB-231 cells, respectively for 24 hours. The rate
of wound closure was assessed in 4 separate fields of view
using a light microscope (magnification, X4 objective).
These experiments were repeated 3 times.

Enzyme-Linked Immunosorbent (ELISA) Assay

MCF7 or MDA-MB-231cells at the density of 30 X 10*
were cultured in a T25 flask for 48 hours. Seeded cells were
treated with 10mL of Cur (24.91 and 24.50 uM) and TQ
(41.16 and 51.76 uM) against MCF7 and MDA-MB-231
cells, respectively for 24 hours. Cells in each flask were
trypsinized and centrifuged to produce a clear cell pellet.

Cells were homogenized in RIPA buffer using TissueLyser
(Qiagen Co., Germantown, MD, USA). Caspase-3, PI3K,
and AKT levels were determined by FineTest ELISA kit
(Wuhan Fine Biotech Co., Wuhan, Hubei, China) according
to the manufacturer’s instructions at 450 nm. Protein levels
in all samples were determined by the Bradford?® method.

Results

MTT and Fa Values of Cur and TQ Against
MCF7 Cells

Here, we provide some experimental evaluation of the anti-
cancer effect of Cur, TQ, and their combination against
MCEF7 cell lines. In this work, we first determined the Fa
values of Cur and TQ against MCF7 (Figure 1C and D)
using different serial concentrations of Cur and TQ.

After rigorous determination of combination assess-
ment, it was discovered that Cur and TQ cotreatment exhib-
ited moderate synergistic effect against MCF7 using Fa 75
and slight synergism at Fa 90 concentrations of Cur and TQ
(Figure 1E-L).

Cytotoxicity Percentages of Cur and TQ Against
MCF7 Cells

After determination of Fa 50, Fa 75, Fa 90, Fa 95, and Fa 97
values of Cur (75.31, 43.31, 24.91, 17.10, and 13.08 uM,
respectively) and TQ (99.56, 64.01, 41.16, 30.48, and
24.61 uM, respectively) the cytotoxicity percentages of
these concentrations were evaluated against MCF7 using
MTT assay (Figure 2A-D). Fa 95 and Fa 97 concentrations
of Cur and TQ induced nonsignificant changes, while both
significantly (P <.001) induced cytotoxicity against MCF7
either alone or in combination using Fa 75 (Figure 2A) and
Fa 90 (Figure 2B) concentrations. Consequently, the low
concentrations (Fa 90) of Cur and TQ were used in annexin-
V, cell cycle analysis, proliferation, colony formation,
migration, and ELISA assays.

Annexin-V Positive Cell Percentages of MCF7
Cells Treated With Cur, TQ, and Their
Combination

As seen in Figure 2E to H, MCF7 cells had more annexin-V
positive cells in Cur (93.44%), TQ (37.07%), and Cur + TQ
(96.3%) compared with the control (14.06%) group.

Cell Cycle Analyses of MCF7 Cells Treated With
Cur, TQ, and Their Combination

Cell cycle analysis of MCF7 in Cur, TQ, and Cur+ TQ
showed decreases in S phase values compared with the con-
trol group (Figure 3A-D).
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Figure |. Chemical structure, Fa values, and combination index of curcumin (Cur) and thymoquinone (TQ) against MCF7.

(A) Chemical structure of Cur. (B) Chemical structure of TQ. (C) Fa values of Cur against MCF7. (D) Fa values of TQ against MCF7.
(E) Dose-effect curve of Fa 75 of Cur (43.31 uM) and TQ (64.01 uM). (F) Combination index plot of Fa 75 of Cur and TQ. (G) DRI

plot of Fa 75 of Cur and TQ. (H) Isobologram plot of Fa 75 of Cur and TQ. (I) Dose-effect curve of Fa 90 of Cur (24.91 uM) and TQ
(41.16 uM). (J) Combination index plot of Fa 90 of Cur and TQ. (K) DRI plot of Fa 90 of Cur and TQ. (L) Isobologram plot of Fa 90 of
Cur and TQ. The Cl values represent the mean of 4 experiments. Cl > |.3: antagonism; Cl (I.1-1.3): moderate antagonism; Cl (0.9-1.1):
additive effect; Cl (0.8-0.9): slight synergism; Cl (0.6-0.8): moderate synergism; Cl (0.4-0.6): synergism; Cl (0.2-0.4): strong synergism.
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Figure 2. Cytotoxicity and annexin-V positive cell percentages. Cytotoxicity percentages of (A) Fa 75, (B) Fa 90, (C) Fa 95, and

(D) Fa 97 of curcumin (Cur), thymoquinone (TQ), and their combination against MCF7. Annexin-V positive cell percentages of MCF7
(E) control, (F) Cur (Fa 90=24.91 uM), (G) TQ (Fa 90=41.16 uM), and (H) their combination (Cur + TQ) groups. The data were
analyzed with one-way ANOVA followed by Tukey’s multiple comparison test. Error bars represent mean = SD. ***P<<.00| versus
control. **P<.001 versus Cur. ***P<.00| versus TQ.
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percentage of MCF7 control, Cur (Fa 90=24.91 uM), TQ (Fa 90=41.16 pM), and their combination (Cur + TQ) groups. (F) Colony
formation assay of MCF7 control, Cur (Fa 90=24.91 uM), TQ (Fa 90=41.16 pM), and their combination (Cur + TQ) groups.
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Proliferation, Colony Formation, and Migration
Assays of MCF7 Cells Treated With Cur, TQ,
and Their Combination

The results of proliferation percentages of MCF7 treated
with Cur, TQ, and Cur + TQ are set out in Figure 3E. It is
apparent from this data that Cur, TQ, and Cur + TQ signifi-
cantly (P<<.001) decreased MCF7 proliferation compared
with control. In contrast, Cur and TQ combination exhibited
higher decreases in proliferation percentages. Similarly,
Cur, TQ, and Cur + TQ reduced colony formation of MCF7
in comparison with control (Figure 3F).

In Figure 3G and H, there is a clear trend of decreasing
the extent of closure area in Cur, TQ, and Cur + TQ treated
MCEF7 compared with control cells assessed with migration
assay.

Caspase-3, PI3K, and AKT Protein Levels in
MCF7 Cells Treated With Cur, TQ, and Their
Combination

The results, as shown in Figure 4A, indicate that treat-
ment of MCF7 with Cur, TQ, and Cur + TQ significantly
(P <.01) increased caspase-3 levels compared with control.
PI3K (Figure 4B) and AKT (Figure 4C) protein levels were
significantly decreased in Cur (P<.01 and P<.001,
respectively), TQ (P<<.05 and P <.01, respectively), and
Cur +TQ (P<.01 and P <.001, respectively) in compari-
son with the control group at 24 hours.

MTT and Fa Values of Cur and TQ Against
MDA-MB-231 Cells

Figure 5 presents the results of the MTT assay and Fa val-
ues of Cur and TQ against MDA-MB-231 cells. Cur exhib-
ited Fa 0.50, Fa 0.75, Fa 0.90, Fa 0.95, and Fa 0.97 of 56.10,
37.37, 24.50, 18.38, and 14.98 uM, respectively (Figure
5A). By the same manner, TQ had Fa 0.50, Fa 0.75, Fa 0.90,
Fa 0.95, and Fa 0.97 of 120.87, 79.09, 51.76, 38.79, and
31.60 uM, respectively (Figure 5B).

The combination between Cur and TQ at Fa 0.75 (37.37
and 79.09, respectively) and Fa 0.90 (24.50 and 51.76,
respectively) concentrations of each revealed slight syner-
gistic effects (Figure 5C-J).

Cytotoxicity Percentages of Cur and TQ Against
MDA-MB-231 Cells

Cur, TQ, and their combinations by Fa 0.75 and Fa 90 con-
centrations significantly (P<<.001) increased cytotoxicity
percentages of MDA-MB-231 cells compared with control
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Figure 4. Enzyme-linked immunosorbent (ELISA) assay. (A)
Caspase-3 (ng/ng protein), (B) Phosphatidylinositol 3-kinase
(PI3K, pg/pg protein), and (C) Protein kinase B (AKT, pg/ng
protein) levels in MCF7 control, Cur (Fa 90=24.91 uM), TQ (Fa
90=41.16 pM), and their combination (Cur + TQ) groups. The
data were analyzed with one-way ANOVA followed by Tukey’s
multiple comparison test. Error bars represent mean * SD.
*P <05, *#*P < .01, and ***P <001 versus control. *P<.0I
versus Cur. P <<.05 versus TQ.
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Figure 5. Fa values and combination index of curcumin (Cur) and thymoquinone (TQ) against MDA-MB-231. (A) Fa values of

Cur against MDA-MB-231. (B) Fa values of TQ against MDA-MB-23 1. (C) Dose-effect curve of Fa 75 of Cur (37.37 pM) and TQ
(79.09 uM). (D) Combination index plot of Fa 75 of Cur and TQ. (E) DRI plot of Fa 75 of Cur and TQ. (F) Isobologram plot of Fa 75
of Cur and TQ. (G) Dose-effect curve of Fa 90 of Cur (24.50uM) and TQ (51.76 uM). (H) Combination index plot of Fa 90 of Cur
and TQ. (I) DRI plot of Fa 90 of Cur and TQ. (J) Isobologram plot of Fa 90 of Cur and TQ. The Cl values represent the mean of 4
experiments. Cl > 1.3: antagonism; Cl (1.1-1.3): moderate antagonism; Cl (0.9-1.1): additive effect; Cl (0.8-0.9): slight synergism; ClI
(0.6-0.8): moderate synergism; Cl (0.4-0.6): synergism; CI (0.2-0.4): strong synergism.
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cells. In the current study, we used the lower concentrations
(Fa 90) in the following assays of Cur and TQ against
MDA-MB-231 cells (Figure 6).

Annexin-V Positive Cell Percentages of MDA-
MB-231 Cells Treated With Cur, TQ, and Their
Combination

The annexin-V positive cells shown in Figure 6E-H revealed
that Cur induced apoptosis of MDA-MB-231 cells in the
percentage of 73.96. Also, TQ-treated cells exhibited apop-
tosis by the percentage of 20.36, while Cur + TQ-treated
MDA-MB-231 cells had 75.76% of apoptosis.

Cell Cycle Analyses of MDA-MB-231 Cells
Treated With Cur, TQ, and Their Combination

Data represented in Figure 7A-D showed decreases in S
phase values of MDA-MB-231cell cycle analysis in Cur,
TQ, and Cur + TQ-treated cells compared with the control

group.

Proliferation, Colony Formation, and Migration
Assays of MDA-MB-231 Cells Treated With Cur,
TQ, and Their Combination

MDA-MB-231 cells treated with Cur, TQ, and Cur+ TQ
revealed significant decreases in cell proliferation percent-
ages (Figure 7E), colony formation (Figure 7F), and area of
closure of migration assay (Figure 7G and H) compared
with control untreated cells.

Caspase-3, PI3K, and AKT Protein Levels in
MDA-MB-231 Cells Treated With Cur, TQ, and
Their Combination

Caspase-3 protein levels were significantly increased in Cur
and Cur + TQ-treated MDA-MB-231 cells compared with
control cells (Figure 8A). On the contrary, PI3K (Figure
8B) and AKT (Figure 8C) levels were significantly
decreased in Cur (P<<.01 and P<.001, respectively), TQ
(P<.05), and Cur +TQ (P <.001)-treated MDA-MB-231
cells compared with control cells.

Discussion

Several reports have shown that nutraceutical application
in cancer therapy has been introduced for investigation as
an alternative or combinatory for chemotherapeutics result-
ing in a promising era for cancer therapy, especially natural
bioactive compounds.®'>1¢1%27 In the current study, we
studied the anticancer effect of Cur, TQ, and their combi-
nation against MCF7 and MDA-MB-231 cell lines. The

most interesting finding was that Cur, TQ, and their combi-
nation induced significant apoptosis of both cells and hin-
dered their progression. Several reports have shown the
anticancer effect of either Cur or TQ against MCF7 and
MDA-MB-231 cell lines.>!'®28 Still, no literature considers
the combinatory benefits of Cur and TQ against both cell
lines.

One interesting finding is Cur, TQ, and their combina-
tion had synergistic effects against MCF7 and MDA-MB-231
cell lines at Fa 75 and Fa 90 concentrations. Therefore, we
chose the low concentrations (Fa 90) in the remaining
assays. Fa 90 concentrations of Cur, TQ, and Cur+ TQ
induced apoptosis, increased cytotoxicity, induced cell
cycle arrest, and decreased proliferation, colony formation,
and migration of MCF7 and MDA-MB-231 cells. El-Far
et al>'¢ stated that TQ induced apoptosis of proliferative and
senescent MCF7. Also, TQ induced apoptosis and inhibited
metastasis of MDA-MB-231 cells.?’ Hu et al?® stated that
Cur decreased proliferation and colony formation activities
in MCF7 and MDA-MB-231 cell lines.

Mechanistically, the anticancer effect of drugs or natural
bioactive compounds might contribute to several pathway
involvements, including caspase-3 or PI3k/AKT. Caspase-3,
a key executioner in apoptosis, is involved in cancer growth
and progression.’® In this study, Cur, TQ, and Cur+ TQ
were found to cause a significant increases in caspase-3
levels in treated MCF7 and MDA-MB-231 cell lines,
enhancing their apoptosis. This study supports evidence
from previous observations of Effenberger-Neidnicht and
Schobert,’! Attoub et al,>> Masuelli et al,*®> Zhou et al,**
and El-Far et al'® who reported significant increases in
caspase-3 expression, protein levels, or activities in either
MCF7 or MDA-MB-231 cell lines treated with Cur or TQ
separately. We did not recognize previous studies con-
cerning Cur and TQ combination against MCF7 and
MDA-MB-231 cell lines. In the current study Cur and TQ
combination increased caspase-3 more than Cur or TQ
alone. Caspase-3 induced apoptosis of cancer cells and reg-
ulated migration, invasion, and metastasis of colon® and
melanoma’® cancer cells.

PI3k/AKT is considered an anti-apoptotic pathway that
hinders cancer cell apoptosis leading to cancer cell prolif-
eration and is important for regulating cell cycle progres-
sion.’” PI3K phosphorylated AKT, which promoted cell
growth, proliferation, and motility by activating many
downstream kinases, including the mammalian target of the
rapamycin complex.*® Also, the activation of PI3K/AKT
and their downstream factors, NF-xB, c-Jun, and c-Fos,
increased the matrix metalloproteinases expression and pro-
moted cancer invasion and migration.>**’ Therefore, PI3k/
AKT is an interesting target for cancer therapy.*! Another
important finding of the current study was that Cur, TQ, and
Cur + TQ significantly decreased the PI3k and AKT protein
levels in MCF7 and MDA-MB-231 cell lines. Jia et al*
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Figure 6. Cytotoxicity and annexin-V positive cell percentages of MDA-MB-231. Cytotoxicity percentages of (A) Fa 75, (B) Fa 90,
(C) Fa 95, and (D) Fa 97 of curcumin (Cur), thymoquinone (TQ), and their combination against MDA-MB-231. Annexin-V positive
cell percentages of MDA-MB-231 (E) control, (F) Cur (Fa 90=24.50 uM), (G) TQ (Fa 90=51.76 pM), and (H) their combination
(Cur + TQ) groups. The data were analyzed with one-way ANOVA followed by Tukey’s multiple comparison test. Error bars
represent mean == SD. **¥P <.001| versus control. **P<<.001 versus Cur. “**P<<.00| versus TQ.
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Figure 7. Cell cycle analysis, proliferation percentage, colony formation, and migration assays of MDA-MB-231. Cell cycle analysis of
MDA-MB-231 (A) control, (B) Cur (Fa 90=24.50uM), (C) TQ (Fa 90=51.76 uM), and (D) their combination (Cur + TQ) groups.

(E) Proliferation percentage of MDA-MB-231 control, Cur (Fa 90=24.50 uM), TQ (Fa 90=51.76 uM), and their combination (Cur + TQ)
groups. (F) Colony formation assay of MDA-MB-231 control, Cur (Fa 90=24.50uM), TQ (Fa 90=51.76 uM), and their combination
(Cur + TQ) groups. (G, H) Migration assay of MDA-MB-231 control, Cur (Fa 90=24.50 uM), TQ (Fa 90=51.76 pM), and their
combination (Cur + TQ) groups at 0 and 24 hours. The data were analyzed with one-way ANOVA followed by Tukey’s multiple
comparison test. Error bars represent mean = SD. **P<C.00| versus control. *P<<.05 and **P<<.001 versus Cur. ***P<<.001 versus TQ.
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Figure 8. Enzyme-linked immunosorbent (ELISA) assay.

(A) Caspase-3 (ng/ng protein), (B) Phosphatidylinositol 3-kinase
(PI3K, pg/pg protein), and (C) Protein kinase B (AKT, pg/ng
protein) levels in MDA-MB-231 control, Cur (Fa 90=24.50 uM),
TQ (Fa 90=51.76 uM), and their combination (Cur + TQ)
groups. The data were analyzed with one-way ANOVA followed
by Tukey’s multiple comparison test. Error bars represent

mean = SD. *P < .05, *P < .01, and **P <.00| versus control.
*P<.05 and **P<<.001 versus Cur. **P<<.0l versus TQ.

and Guan et al® recognized that Cur suppressed prolifer-
ation and migration of MCF7 and MDA-MB-231, inter-
fering with PI3K/AKT signaling. Similarly, TQ induced

cell cycle arrest and apoptosis of MCF7 and MDA-MB-231
through downregulation of PI3K/AKT signaling.*443

Conclusion

The purpose of the current study was to determine the com-
binatory benefits of Cur and TQ to control MCF7 and
MDA-MB-231 cells’ progression. The most obvious finding
from this study is Cur + TQ combination induction of apop-
tosis and hindering proliferation of MCF7 and MDA-MB-231
cells. This effect is attributed to the increased caspase-3 and
decreased PI3K and AKT protein levels. Further research
might explore the impact of Cur + TQ combination on other
apoptotic and anti-apoptotic pathways in breast cancer.
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