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ARTICLE INFO ABSTRACT
Article History Breast cancer is the most common disease in women worldwide and
Received:18/1/2023 it is the most common cancer in the Arab world. It affects women at an early
Accepted:16/3/2023 age compared with women in western countries. Doxorubicin (DOX) is a
Available:21/3/2023 chemotherapeutic drug and is highly effective in advanced breast cancer.
Unfortunately, the cytotoxic activity of DOX affects normal cells as well as
Keywords: cancer cells, which leads to severe heart damage. Many strategies have been
Doxorubicin, investigated to protect the heart against DOX-induced cardiotoxicity one of

Multidrug resistance them is the search for a natural compound with chemopreventive or anticancer

gene, Astaxanthin, properties that can be used with DOX. Recent studies proved the effect of the

breast cancer cells.  Natural product astaxanthin (AST) as an anti-cancer. Therefore, the present
study aimed to study the effect of AST co-treatment with DOX on the growth
of the MCF-7 breast cancer cell line and investigate the possible mechanism to
overcome the side effects and multidrug resistance of DOX treatment. To
assess these effects, we investigated the DOX effect on apoptosis induction,
cell cycle phase distribution, cellular uptake, ABCBIMRNA expression and p-
glycoprotein (P-gp) activity in breast cancer cells in the presence and absence
of AST. The addition of AST (133 and 250pug/ml) increased DOX cytotoxicity
which manifested as a significant decrease in 1Cso compared to the cells treated
with DOX alone. Moreover, flow cytometric analysis of the MCF-7 cells
treated with DOX (4.5pg/ml) simultaneously with AST (250pug/ml) showed the
enhanced arrest of the cells in Go\G; (35.50 %). In addition, apoptotic phase
cells were significantly increased to 39.13% when AST (250ug/ml) was
combined with DOX compared to 27.3% in DOX alone. Also, AST (133
pg/ml and 250 pg/ml) significantly increased the cellular uptake of DOX as
compared to DOX alone. The addition of AST (133 and 250ug/ml) combined
with DOX resulted in a concentration-dependent decrease and almost complete
reversal of DOX-induced increase in ABCB1 mRNA expression to the control
value. The present study concluded that AST chemosensitizers DOX cytotoxicity
against the proliferation of MCF-7 human breast cancer cells. This could be
explained by induction of apoptosis, enhanced DOX cellular uptake,
downregulation of ABCB1 gene expression and inhibition of P-gp activity.

INTRODUCTION

Breast cancer is now one of the most commonly diagnosed cancers and the fifth
cause of cancer-related deaths, with an estimated 2.3 million new cases worldwide, according
to GLOBOCAN 2020 (Ferlay et al., 2021).
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In Egypt, Breast cancer accounts for
33% of cancer cases in women, with more
than 22,000 new cases diagnosed each year
(Abdelaziz et al., 2020, Ibrahim et al., 2014).
For the past three decades chemotherapeutic
agents such as doxorubicin (DOX), have been
used to increase the degree of clinical success
in treating metastatic breast tumors because of
the molecule's excellent antitumor activity
(Danesi et al., 2002). However, DOX-based
chemotherapy has poor tumor selectivity
causing multi-organ toxicities in various
patients (Carvalho et al., 2009, Toldo et al.,
2013) and the development of multidrug
resistance associated with DOX in such
chemotherapy programs (Peetla et al., 2010,
Ponnusamy et al., 2017). Therefore, it is of
clinical interest to develop adjuvant therapy
approaches that can boost the effectiveness of
current medicines and/or lessen their side
effects.

Astaxanthin (AST) is a potent
antioxidant carotenoid with an established
safety profile that is accepted as a dietary
supplement (Higuera-Ciapara et al., 2006,
Pashkow et al., 2008). The anti-inflammatory
and anti-apoptotic properties of AST are also
confirmed (Lee et al., 2011, Lee et al., 2003,
Lee et al., 2003). Previous studies reported
that AST improved DOX's anticancer
efficacy in several cancer cell lines (El-
Agamy et al., 2017, AlQahtani et al., 2019,
Fouad et al., 2021). Moreover, a recent study
in our laboratory demonstrated that AST
supplementation attenuates
cyclophosphamide-induced cardiotoxicity by
modulating aldehyde dehydrogenase and
Klotho protein expression in heart tissues,
along with its downstream apoptosis effector
markers (Kamel et al., 2021). In order to
avoid the serious side effects and multidrug
resistance of DOX treatment, the current
study aimed to examine the impact of AST
co-treatment with DOX on MCF-7 breast
cancer cells and explore potential
mechanisms by examining apoptosis, cell
cycle phase distribution, ABCB1 mRNA
gene expression, DOX cellular uptake, and p-
glycoprotein activity in breast cancer cells.

Abdel-Moneim M.Osman et al..

MATERIALS AND METHODS

Drugs and chemicals: DOX and
AST were obtained from Sigma Aldrich
Chemical Co. (St. Louis, MO, USA). The
stock solution of both agents was dissolved in
phosphate-buffered saline (PBS) and
preserved at -20°C. The solutions were
diluted in Dulbecco’s modified Eagels
medium (DMEM) or PBS immediately before
each experiment to the desired final
concentrations. All other chemicals and Kits
were purchased from sigma Aldrich Co.
Cells and Cell Cultures:

Human breast cancer cell line MCF7
was used in this study. It was obtained from
Pharmacology  Unit, National Cancer
Institute, Cairo University, Egypt. The
adherent cells were grown as a monolayer
culture in DMEM supplemented with
penicillin (100 1U/ml), streptomycin (100
ug/ml) and 10% fetal bovine serum, Cells
were cultured at 37°C in humidified 5 % CO;
atmosphere and were passaged every 4-5
days.

Assessment of Cytotoxic Activity:

Cytotoxic activity of DOX and/or
AST  was  determined using the
(sulforhodamine) SRB method as previously
prescribed by Skehan et al., 1990. In brief,
cells were planted in 96 well microtiter plates
at a concentration of 5x10° cells/well with
RPMI-supplemented medium. Following a
24hrs incubation period, cells were incubated
for an additional 48hrs with various
concentrations of DOX (6, 12.5, 25, and 50
ug/ml) and AST (133 and 250 ug/ml). Cells
were fixed by adding 50 ul of cold 50% TCA
for 1 hr at 4°C. The supernatant is then
discarded and the wells were then washed five
times with distilled water, air dried, stained
for 30 minutes at room temperature with 0.4%
SRB dissolved in 1% acetic acid and then
washed four times with 1% acetic acid. The
plates were then allowed to dry naturally and
the dye was dissolved in 100 pl/well of 10
mM Tris base (pH 10.5) for 10 minutes. Each
well's optical density (OD) was measured
spectrophotometrically at 490-530 nm using
an ELISA microplate reader (Bio Teck
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Instruments, (Winooski VT, USA), with
automated shaking taking place for 30
seconds before reading.

Surviving fraction=Optical density of treated
cells/Optical density of untreated control
cells.

ICso (the concentration of DOX
necessary to produce 50% inhibition of cell
growth) was calculated from the linear
regression equation of the survival fraction
curve. Y =mX +b, where: Y= 0.5 (the
surviving fraction when there is a 50%
inhibition of cell growth), m = the slope, X =
dose of DOX induces 50% inhibition, b = the
y-intercept.

Flow-Cytometric Assay Of Apoptosis:

Apoptotic cells were quantified by
Annexin V-FITC- Propidium iodide (PI)
double staining, using an Annexin V-FITC
apoptosis detection kit according to the
method of Van Engeland et al., 1998. Cells
were seeded in 12-well plates at a cell density
of 6-8 x10° cells/well in DMEM
supplemented medium. Twenty-four hours
later, cells were incubated for an additional 48
h with DOX (4.5ug/ml) and AST (133 and
250 pg/ml). The cell medium was then
removed, the wells were washed with PBS
and the cells were harvested with
trypsin/EDTA. Cells were washed once with
PBS following trypsinization and
resuspended in 1 ml of Binding Buffer.
Annexin V FITC Conjugate was added to the
cells according to the manufacturer’s
instructions for 10 min at room temperature
while protected from light. The Fluorescence
of the cells was read immediately by a flow
cytometer (NAVIOS Beckman Coulter,
US.A).

Cell Cycle Analysis:

Cells were plated in 12-well plates
at a cell density of 6-8x10° cells/well in
DMEM supplemented medium. Twenty-four
hours later, cells were incubated for an
additional 48 h with DOX (4.5 ug/ml) and
AST at varying doses (133 and 250
ug/ml). The cell medium was then removed
and the wells were washed once with PBS.
Cell cycle analysis was performed according
to the method of Pozarowski and
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Darzynkiewicz (2004). The cells were
harvested with trypsin/EDTA, washed once
with PBS and then resuspended in 0.5 ml of
0.05% Triton X-100 for 10 min at room
temperature. Staining of cellular DNA was
performed by adding 1 ml of 50 pg/mL PI to
each cell suspension for 20 min at room
temperature. Cell cycle analysis was
performed by using a flow cytometer (Becton
Dicknoson (BD) FACSCalbur, USA).
Determination of MDR in MCF-7 Cells:

According to the technique of Pétriz
and Garcia-L6pez (1997), P- glycoprotein
activity of MCF-7 cells was assessed in the
presence of Rh123 using a spectrofluorometer
with excitation and emission wavelengths of
485 nm to 590 nm, respectively. Cells in
RPMI medium were planted in 6-well plates
for 24hrs at 37°C in a humidified CO:
incubator.100 pl of 5 M Rh123 was added,
and the mixture was then maintained in a CO>
incubator at 37°C in a dark for 60 minutes.
Cells were exposed to either DOX (4.5 ug/
ml) alone and\or AST (133 and 250 pg/ml).
The cells' medium was aspirated, washed with
PBS twice and trypsinized.

Cells were centrifuged at 1600 g for
5 minutes after being trypsinized and washed
once with ice-cold PBS. Cells (1x10°) were
resuspended in 1 ml of ice-cold PBS, shaken
and use for the P-glycoprotein analysis, using
a spectrofluorometer with excitation and
emission wavelengths of 485 nm to 590 nm,
respectively.

ABCB1 mRNA Gene Expressions Using
Real-Time Polymerase Chain Reaction
(RT-PCR):

Total RNA was extracted from
control and treated cell pellets with a total
RNA purification kit. One or more specific
sequences in a DNA sample can be found and
measured using real-time PCR. Exactly,
25 ul of master mix, 0.25 pul of CXR
Reference Dye, 1ul of forward and reverse
primers, and a final volume of 50 pl was
completed after adding 1 plof equal
concentration of cDNA. A 7500 Fast Real-
Time PCR System was used for all analyses,
which were done in triplicate. The procedure
included an initial step of denaturing at 95 °C
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for 10 minutes, followed by 40 cycles of
denaturing at 95 °C for 15 seconds and
annealing at 62 °C for 1 minute. (Applied
Biosystems, Foster City, CA, USA). The data
were analysed and amplification plots were
generated using the software program, 7500
fast real-time PCR. The comparative CT
method was used (2°22¢T) for calculating the
relative quantification of the target gene was
used as follows AACT = (CT of target gene —
CT of RNA18S5) for y — (CT of target gene —

Abdel-Moneim M.Osman et al..

CT, RNAI18S5) for y, where y = treated
sample and y = control sample. After
validation of the method, results for each
sample were expressed in N-fold changes in y
target gene copies, normalized to RNA18S5
relative to the copy number of the target gene
in control, according to the following
equation: the amount of target = 244,
Statistical analysis was performed using
SPSS. P <0.05 was considered significant.

Name of Gene Forward

Reverse

ABCB1 5’-ACCCACTCCTCCACCTTTGA-3* |5’-CTGTTGCTGTAGCCAAATTCGT-3’

GAPDH 5’-ACCCACTCCTCCACCTTTGA-3> |5’- CTGTTGCTGTAGCCAAATTCGT-3’

Assessment of Doxorubicin  Cellular mean £ SD and analysed using one-way

Accumulation: analysis of variance (ANOVA) followed by
DOX cellular accumulation Tukey- Kramer multiple comparisons.

assessment in MCF-7 cells was performed Statistical significance was acceptable to a

using a  spectrofluorometer  (F-2000 level of p < 0.05.

Fluorescence spectrophotometer Hitachi, RESULTS

Japan) according to the method of Effectof AST Treatment On The Cytotoxic

Kitagawa et al.,, 2004 DOX fluorescence Activity of DOX:

intensity was measured at excitation and
emission wavelengths of A ex =496 nm and A
em = 592 nm, respectively.
DOX cellular accumulation ratio=DOX conc
entration in AST+DOX treated cells/DOX co
ncentration in cells treated with DOX alone
Statistical Analysis:

Statistical analysis was performed
using SPSS (statistical package of social
sciences, version 16). Data are expressed as

Cytotoxicity was expressed as the
percentage of surviving fraction after DOX
treatment compared with untreated control
cells (Table 1 and Fig. 1). It was observed that
AST (133 and 250ug/ml) induced a
significant concentration-dependent decrease
in the 1C50 of DOX by 33.4 % and 44.5 %,
respectively as compared to IC50 of DOX
alone.

Table 1: Cytotoxic effect of DOX and/or AST treatment on the growth of MCF-7 cells.

Treatment IC50pg/ml
DOX 4.5+0.175
DOX and AST (133ug/ml) | 3.00 =0.142
DOX and AST (250ug/ml) | 2.5 £0.066*°

Cell survival was determined after 48hrs exposure to drugs by sulphorhodamine B assay. Data are presented as
mean + SD of 3 independent experiments performed in 3 replicates and analyzed using one way analysis of
variance (ANOVA) followed by Tukey- Kramer multiple comparison test. 1Cso: the concentration necessary to
produce 50% inhibition of cell growth. 2 Significantly different from the corresponding DOX at P < 0.05. ®

Significantly different from the corresponding DOX + AST (133ug/ml) at P < 0.05.
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Fig. 1: Effect of DOX and\or AST on MCF-7 cells by sulphorhodamine B assay.

Cell survival was determined after 48hrs exposure to drugs by sulphorhodamine B assay. Data are presented as
mean + SD of 3 independent experiments performed in 3 replicates and analyzed using one way analysis of
variance (ANOVA) followed by Tukey- Kramer multiple comparison test. 1Cso: the concentration necessary to
produce 50% inhibition of cell growth. 2 significantly different from the corresponding DOX at P < 0.05. ®
significantly different from the corresponding DOX + AST (133pg/ml) at P < 0.05.

Effect of AST and DOX Treatment On addition of AST (133 and 250ug/ml) with

Apoptosis Induction: DOX showed a significant increase (P < 0.05)
Table (2) and Figure (2) showed the in the percentage of early apoptosis (32.47%,

effect of DOX and/or AST treatment on the 39.14) and respectively compared to DOX

percentage of cells in early apoptosis. After alone (27.3%).

48hrs of treatment, it was observed that the

Table 2: Effect of DOX and/or AST treatment on live cells and induction of early apoptosis in

MCEF-7 cells.
Groups Early apoptosis

Control 0.53 £ 0.003

DOX (4.5pg/ml) 27.30 £0.4242
AST (133pg/ml) 0.33 £0.010°

AST (250pg/ml) 0.89 £0.120°
DOX (4.5ng/ml) +AST (133pg/ml) 3247 +£0.664 =b.cd
DOX (4.5pg/ml) +AST (250pg/ml) 39.14 £0.190 a=de

Early apoptosis was analysed after 48hrs exposure to drugs by staining with Annexin V FITC-A and Propidium
iodide (PI). Data are presented as mean = SD of 2 independent experiments performed in 2 replicates and analysed
using one way analysis of variance (ANOVA) followed by Tukey- Kramer multiple comparison test. 2
significantly different from control cells at P < 0.05. ? significantly different from the corresponding DOX at P <
0.05. ¢ significantly different from the corresponding AST (133pg/ml) at P < 0.05.

d significantly different from the corresponding AST (250ug/ml) at P < 0.05. ¢ significantly different from
corresponding DOX + AST (133pg/ml) at P < 0.05.



Contral MGF7 :P1 MCF7 AST 133 P1 MCFT AST 250 P1
= Ehh s
% Cont = AST h=
= ] . = AST2 )
2] ] Il - I
2] Il S+ |
-] ‘ ! L
= S
: 5 ] | E |
It [SE I 3 |
2 1 | l 1 [
FP2{0.29%) 21 { \ F2(2.69%) 24 ) ! l\pz.'q 12%)
4 Y ) N -
! 1 I
/] f
i A 1 s
o L1 0 ) L) e A o ) - T T T .H..."ﬂ."nmq LR RAR L Rl e
10 100 104 107 108 107 10 10° 104 100 10° 107 102 1P 107 10 108 V7
Annexin FITC-A Annexin FITC-A Annexin FITC-A
@ Contral MCF7 - P1 . MCF7 AST 133 P1 -, MCF7 AST 250 P1
T Jo1-uLE.e Q1-UR(0.12%) ~ J@1-UL(a3.08%) Q1-UR(2.19%) ~ Jor-uLas sew Q1-UR(2.89%)
= = =
£ 73 « 3 E e
s W3 wr
o >
= = =
ER 2 =
= = =z
= R P i = e
3 3%) G1-LR(0.05%) JQ1-LL54.39%) Q1-LR(D.33%) 191-LL(57 53%) ©1-LR(D .97 %)
102 gt 108 108 10 102 10% e 105 108 10 102 10° 100 108 108 10
Annesin FITC-A Annexin FITC-A Annexin FITC-A
MCF7 Dox  P1 MCF7 AST 133 Dox : P1 MCF7 AST 250 Dox: P1
g, DO DOX+AS DOX
2 |
b4
z = €
2 3 221
[ o O
2
=
F2(70.43%) P2(75.53%) P2(75 B0%)
“
I :
/ l,‘u““‘ Yy
L ™
= 4 i = o i = o
104 107 10% 1P 108 10 102 107 10% 1¢ 108 107 10 10° 104 1f 108 10
Annexin FITC-A Annexin FITC-A Annexin FITC-A
« MCF7 Doy P « MCF7 AST 133 Doy P1 - MGF7 AST 250 Dox * P1
-3 = =4
J1-uUL1 6 94%) 01-UR(42 54%; J1-uULi1 48%) 01-UR(36.09%) = JoruLe ee% @1-UR(42.34%)
= = “
< 7 3 =7 3 = 3
& 5 .
> > -
o o o
O - (=13 (=1
o x = s
= = z=
=
o4 = o E o 3
{e1-LLozae © Q1-LR{27.61%; J@1-LLaza Q1-LR(39.27%) {@1-LL(17.06 Q1-LR(32.94%)
= HRARLLUL LA UL L T T T T T
10t 10t gt 108 0t g 10t 10* gt 0% 10® 10 B P A P

Annexin FITC-A

Annexin FITC-A

Annexin FITC-A

Fig. 2: Effect of DOX and /or AST treatment on induction apoptosis in MCF-7 cells.
Apoptosis was analyzed after 48hrs exposure to drugs by staining with Annexin V FITC-A and Propidium

iodide (P1).

Effect of DOX and/or AST Treatment On
Cycle Phase Progression of MCF-7:

Table (3) showed the effect of DOX
(4.5pg/ml) and\or AST (133 and 250pug/ml)
on Cell cycle distribution using the flow
cytometry after staining with PI. The addition
of AST (133 and 250ug/ml) to DOX showed
a significant (P< 0.05) increase in the
accumulation of the cells in Go/G1 (20.40 and

35.50 %) respectively compared to DOX
alone (18.25%). A similar finding was
observed in the S phase when AST (133 and
250pug/ml) was added to DOX it was shown a
significant increase (P< 0.05) in the
accumulation of the cells (35.30 and 25.80 %)
compared to cells treated with DOX alone
(21.25%).
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Table 3: Effect of DOX and/or AST treatment on the Cell Cycle phase distribution of MCF-7

cells.
Treatment G0\G1% S% G2\ M%
Control 83.25+0.21 0.05+0.00 16.70 £ 0.28
DOX (4.5ug/ml) 18.25+021= 21.25+0212 60.65+0.21=

AST (133ug/ml)

30.30+0.14=®

3435+£0.21 ="

3545+£0.21 ="

AST (250ug/ml)

58.25+£0.21 a%¢

2.35£0.2] &b

39.25+£0.21 &%=

DOX (4.5ug/ml)

12040+ 0.14 2.0.c.4

3530+0.142b.cd

4420+0.142b.d

AST (133pug/ml)
DOX (4.5pg/ml) +
AST (250pug/ml)

Cell cycle phase distribution was analysed after 48hrs exposure to drugs by staining with Propidium iodide (PI).
Data are presented as mean * SD of 3 independent experiments performed in 2 replicates and analysed using one
way analysis of variance (ANOVA) followed by Tukey- Kramer multiple comparison test. 2 significantly different
from the corresponding control cell cycle phases at P < 0.05. ? significantly different from the corresponding DOX
at P < 0.05.¢ significantly different from the corresponding AST (133ug/ml) at P < 0.05. 9 significantly different
from the corresponding AST (250pug/ml) at P < 0.05 and € Significantly different from the corresponding DOX
+ AST (133pg/ ml) at P < 0.05.

3550+0.142b.c.de 25.80+0.14 2b.c.d.e 38.60+0.14 2b.c.d.e

Effect of AST on Doxorubicin Cellular
Accumulation:

Cells treated with DOX and AST
(133 and 250pg/ml) showed a significant
increase (P < 0.05) in DOX cellular uptake
compared to DOX alone (Fig. 3). The

6 hours. After 6 hours there was no increase
in DOX cellular uptake by increasing the
time. At the same time, there was a significant
increase (P < 0.05) in DOX uptake in MCF-7
cells treated with (DOX and AST 250ug/ml)
compared to (DOX and AST (133ug/ml).

increase in uptake was time-dependent up to

60001

T p B3 DOX
F a 3b mm DOX + AST,3;
% 40001 ab mm DOX + ASTys
a
s
a
. ab
a
3 2000
o ab
E a
]
0 m

0-

ob A 2 & )
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Fig. 3: Effect of AST treatment on the cellular uptake of DOX in MCF-7 cells.

The growing cells were incubated with DOX and /or AST for (0.5, 1, 2, 4, and 6 hrs). After incubation time, 250
pl of medium was transferred to a glass tube containing 750 ul of methanol. An injection volume of 10 pL from
the clear supernatant was transferred into HPLC autosampler vial for LC-MS-MS analysis (AB SCIEX 3200
QTRAP, Germany). Data are presented as mean * SD of 3 independent experiments and analysed using one way
analysis of variance (ANOVA) followed by Tukey- Kramer multiple comparison test. 2 significantly different
from the corresponding DOX alone at P < 0.05. ? significantly different from the corresponding DOX + AST (133
pg/ml) at P < 0.05.

Effect of DOX and\or AST on the MDR
activity:

As shown in Figure (4), DOX
decreased dye accumulation in MCF-7 to
(61.22/ %) compared to the control cell. The

addition of DOX with AST (133 and
250ug/ml) increased dye accumulation to
(124.41 and 133.69%) respectively compared
to DOX alone.



274 Abdel-Moneim M.Osman et al..

400-
abc

<
o 3004
[*]
| =
-]
(&)
w
g 200-
=
(T
o
& 100
=
o

0_

O
&
o°°

Fig. 4: Effect of DOX and/or AST on MDR activity.

The MCEF-7 cells were exposed to Rh 123 for 60 minutes at 37°C. DOX and /or AST were added for 48hrs at
37°C. P- glycoprotein activity of MCF-7 cells was measured in the presence of Rh123 by using
spectrofluorometer with excitation and emission wavelengths of 485 nm to 590 nm, respectively. Data are
presented as mean = SD of 3 independent experiments performed in 3 replicates and analyzed using one way
analysis of variance (ANOVA) followed by Tukey- Kramer multiple comparison test. 2 significantly different
from untreated cells at P < 0.05. ° significantly different from the corresponding DOX at P < 0.05. ¢ significantly
different from the corresponding DOX + AST (133ug/ml) at P < 0.05.

Effect of DOX and\or AST on ABCB1
MRNA Gene Expression of MCF7:

Figure (5) showed the effect of DOX
and\or AST on the gene expression of
ABCB1. Cells treated with DOX alone
showed a significant 74 %-fold increase (P <

to an untreated control cell. The addition of
AST (133 and 250ug/ml) combined with
DOX resulted in a concentration-dependent
decrease and almost complete reversal of
DOX-induced increase in ABCB1 expression
(P < 0.05) to the control value.

0.05) in gene expression of ABCB1 compared

80 a
60
40

20

GENE EXPERSSION OF ABCB1

- E
c,of‘“c. 001- P:.-:,‘i\%

Fig. 5: Effect of DOX and\or AST after 48hrs treatment on mRNA expression of ABCBL1 in

MCF-7 by RT-PCR.

1ul of equal concentration of cDNA was add to 25 pl master mix, 0.25ul CXR Reference Dye, 1l of forward
and reverse primers and the volume was completed to 50 ul. All analyses were carried out in triplicate using a
7500 Fast Real-Time PCR System using a protocol that involved an initial denaturation step at 95 °C for 10
minutes, followed by 40 cycles of denaturing at 95 °C for 15 seconds and annealing at 62 °C for 1 minute. Data
are presented as mean = SD and analysed using one way analysis of variance (ANOVA) followed by Tukey-
Kramer multiple comparison test. 2 significantly different from untreated control cells at P < 0.05.° significantly
different from the corresponding DOX at P < 0.05.¢ significantly different from the corresponding AST
(133pg/ml) at P <0.05. 9 significantly different from the corresponding AST (250pg/ml) at P < 0.05. ¢ significantly
different from the corresponding DOX + AST (133pg/ml) at P < 0.05.
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DISCUSSION

Doxorubicin is the most widely used
drug in the treatment of a variety of human
neoplasms, However, with the increasing use
of DOX, acute as well as chronic cumulative
dose-dependent cardiomyopathy has been
recognized as the major limiting factor for
DOX chemotherapy (Buzadar et al., 1981,
Kantrowitz and Bristow, 1984). A number of
strategies have been investigated in order to
improve  the  cytotoxic  effects of
chemotherapeutic drugs while lowering their
toxicity. Chemosensitization is one technique
that could be utilized to reduce anti-tumor
dose and toxicity. Among the prospective
chemosensitizers is AST (a carotenoid
pigment anti-inflammatory inhibitor), a
natural product that may inhibit the
proliferation of certain cancer cells (Ambati et
al., 2014). Additionally, Fouad et al. (2021)
suggested that AST triggered the beneficial
epigenetic  pathways to mitigate the
chemotoxicity of DOX cytotoxicity in
hormonal-positive  breast cancer cells.
Therefore, in this study, we investigated the
modulatory effect of the natural compound
AST on DOX cytotoxicity in MCF-7 human
breast cancer cell line as well as the
underlying mechanisms of cell cycle
disruption, apoptosis, DOX cellular uptake,
P-glycoprotein activity, and gene expression.

Treatment of MCF-7 cells with
different DOX doses alone was observed to
be cytotoxic to the cells. The cytotoxicity of
DOX has been confirmed by the results of
induction of apoptosis and cell cycle
progression, where After 48hrs of treatment it
was observed that the addition of AST (133
and 250pg/ml) with DOX showed a
significant increase (P < 0.05) in the
percentage of early apoptosis (32.47%,39.13)
respectively compared to DOX alone
(27.3%). These findings are in agreement
with AlQahtani et al. (2019) who found that
AST increases the cytotoxic activity of
DOX which leads to suppression of the
growth of Ehrlich ascites carcinoma
(EAC) cells. In the same line Meiyanto et al.
(2011). Observed that DOX treatment alone
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caused MCEF-7 cells to undergo apoptosis.
While evidence came from the Annexin-V
test of apoptosis, which revealed that MCF-7
cells treated with AST and DOX had much
higher percentages of early apoptosis and
lower percentages of live cells than cells
treated with DOX alone. When DOX is
coupled with AST, many ways of AST
inducing apoptosis have recently been
discovered (Vijay et al., 2018, AlQahtani et
al., 2019). According to several reports, rather
than normal breast epithelial cells (MCF-
10A), the pro-oxidant property of AST was
the primary catalyst for the selective death of
MCF7 cells when growth inhibition was
increased in a synergistic manner (Vijay et
al., 2018). The apoptotic impact of AST has
also been demonstrated in colon cancer cell
lines which is similar to the current findings
(Liu et al., 2016). In 2016 Shao et al. showed
that AST therapy resulted in a decrease in
tumor weight of H22 hepatoma cells relative
to untreated controls, most likely as a result of
an enhanced rate of apoptosis. AST treatment
increased the percentage of Ehrlich cells in
G2/M, the best phase for the activity of DOX
due to the maximum expression of its target
enzyme topoisomerase Il (AlQahtani et al.,
2019). They concluded that AST caused up-
regulation of the tumor suppressor p53 gene,
potentiating DOX cytotoxicity and apoptosis
against mammary tumor cells and
accumulating them in the G2/M phase of the
cell cycle. It has been found that p388
leukemia cells synchronized in S and G2\M
phases were more sensitive to DOX than cells
in Gi1 phase (Oktem et al., 2012). These
previous studies may explain why the
cytotoxic activity of DOX was enhanced in
presence of AST. Chemotherapeutic drugs,
such as DOX, must be present in cellular
compartments and transported to the site of
action in order to exert their cytotoxic activity
(Jiang et al.,, 2014). As a result, it is
hypothesized that cells with more DOX
uptake will have greater sensitivity to the
drug. In the present investigation, the addition
of AST resulted in considerable increases in
DOX cellular uptake. When cells were treated
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with DOX and AST (133 and 250ug/ml),
DOX cellular uptake was increased with
increasing concentration and time compared
to cells treated with DOX alone (figure 4). So,
AST not only improved DOX's efficacy by
triggering apoptosis, but it also raised DOX
availability within the cells. This may explain
why the combination of AST and DOX was
more cytotoxic than DOX alone. In the same
line, another natural agent has been used for
increasing the cytotoxic effect of DOX. In
2012, Osman et al. showed high DOX levels
in  MCF-7 cells when concomitantly
administered with resveratrol with the more
cytotoxic activity of DOX.

In the present study, the P-gp
experiment revealed that treatment with AST
(133 and 250ug/ml) resulted in an increase in
fluorescent dye accumulation inside the cells,
respectively. This was due to the suppression
of P-gp activity, which resulted in greater
DOX accumulation in the presence of AST.
So, the rise in DOX cytotoxicity seen by AST
treatment coincided with an increase in its
cellular uptake. In the present study, the
accumulation of rhodamine-123 in the cells
was used to determine the role of P-gp in the
uptake of DOX. These findings imply that
AST treatment may impair the catalytic
activity of MDR proteins, resulting in an
increase in DOX accumulation. So, the
inhibition of P-gp and multidrug resistance
(MDR) by AST could explain the increase in
DOX cellular uptake in MCF-7 cells
(Rogalska et al., 2014). This finding is
consistent with those reported by van der
Sandt et al. (2000) who investigated the
influence of eugenol and AST on DOX's anti-
tumor activity in hormonally positive breast
cancer cells. Using rhodamine uptake and
efflux experiments, they reported that AST
has the potential to block the function of P-gp,
resulting in an increase in DOX anti-tumor
activity. In our study we demonstrated that
after DOX treatment, ABCB1 mRNA was
overexpressed in MCF-7 cells, presumably
contributing to the development of drug
resistance (figure 5). However, ABCB1/P-gp-
mediated MDR was shown to be reversed by
AST therapy as demonstrated by a reduction
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in ABCB1 mRNA expression following the
addition of AST. In fact, this downregulation
restored the sensitivity of MCF-7 cells to
DOX treatment and demonstrated that AST
administration reduced ABCB1 protein
expression with the consequent increase in
DOX uptake and cytotoxicity. In a study
similar to ours, Komoto et al. (2008)
evaluated the effects of 12 Ca2+ antagonists,
including diltiazem (DIL), on MDR1 mRNA
expression in human cervical carcinoma
(HeLa and Hvrl00-6 cells) that had
previously been treated with
chemotherapeutic agents in an effort to
develop a novel method to inhibit MDR1-
mediated MDR (Didziapetris et al., 2003,
Genovese et al.,, 2017). They showed a
significant decrease in MDR1 mRNA
expression  following  treatment  with
diltiazem (DIL), which is in line with our
findings, but inconsistent outcomes for other
Ca2+ antagonists, proving that the down-
regulation of MDR1 mRNA expression
contributed to the decrease in resistance via
increases in the intracellular concentrations of
anticancer drugs. In conclusion, AST
chemosensitizers DOX cytotoxicity against
the proliferation of MCF-7 human breast
cancer cells. This could be explained by the
induction of apoptosis, enhanced DOX
cellular uptake, downregulation of ABCB1
gene expression and inhibition of P-gp
activity.
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