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Abstract

Background Breast cancer is the most significant threat to women worldwide. Most chemotherapeutic drugs cause
cancer cell death and apoptosis by inducing oxidative stress and producing reactive oxygen species (ROS). Cancer
cells have a higher rate of metabolic activity than normal cells and thus produce more ROS. Glutathione and its
related enzymes are the most significant antioxidant defense mechanisms that protect cells from oxidative and chem-
otherapeutic impacts. The anticancer actions of phenolic compounds were greatly confirmed. Using phenolic com-
pounds as drugs in combination with chemotherapy may improve health, improve treatment outcomes, and reduce
dose and damage. The goal of the study was to treat breast cancer cell lines (MCF-7) with Tamarindus indica extract
individually and in combination with the anticancer drug tamoxifen (TAM) to improve therapeutic efficacy.

Results After 48 h of incubation at IC,5 concentrations of T. indica extract (47.3 g/mL), tamoxifen (0.8 g/mL), and their
co-treatments, the biochemical and genotoxic effects on MCF-7 cell lines were investigated. In MCF7 cell lines, T.
indica extract increased reduced glutathione levels as well as glutathione transferase, glutathione peroxidase, and glu-
tathione reductase activities. The same was true for oxidative state indicators, where higher levels of catalase and lac-
tate dehydrogenase activity were associated with higher levels of malondialdehyde. T indica has almost no effect

on the DNA damage parameters. All of these variations can produce alterations in cancer cell genotoxicity and apop-
totic pathways, explaining the restoration of DNA moment to normal levels and enhanced survival.

Conclusion Cytotoxic and genotoxic effect of treatment with T indica extract could be attributed to the dynamic
interaction of glutathione cycle and antioxidant enzymes to combat oxidative stress, which can be considered

as a positive therapeutic effect. On the other hand, the negative response of tamoxifen efficacy when co-treated
with T indica reversed tamoxifen’s genotoxicity and enhanced survival.

Keywords Breast cancer, Combination treatment, Glutathione-related enzymes, Genotoxicity, Oxidative stress, Plant
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Background

Cancer is a growing health problem in both develop-
ing and developed countries. It is one of the most com-
mon diseases and causes of death, causing the death of
nearly 10 million people annually [1, 2]. Breast cancer
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the population pyramid shifts, and people embrace
unhealthy lifestyles. Despite significant progress in sur-
vival rates in many developed countries, the 5-year sur-
vival rate in Egypt is still between 28 and 68% [3].

Cancer drugs generally either inhibit or kill cancer
cell development. There are various types of anticancer
drugs, including alkylating agents, antimetabolic, cyto-
toxic drugs, plant derivatives, and protein kinase inhibi-
tors [4]. Tamoxifen (TAM), an anti-estrogen agent, is a
drug commonly used in the treatment of breast cancer
due to its inhibitory effects on estrogen receptor tran-
scription activity. Adjunctive therapy with tamoxifen has
previously been shown to be effective against early-stage
breast cancer and with prolonged survival. However,
some breast cancer patients develop resistance to tamox-
ifen during long-term treatment with TAM [5].

Multidrug resistance (MDR) is considered the most
serious problem in cancer cells. It affects the therapeu-
tic efficacy of anticancer drugs and is a serious barrier
to cancer treatment. The development of redox imbal-
ances and oxidative stress, increased levels of detoxify-
ing enzymes, changes in drug efflux, changes in drug
target enzymes, improved DNA repair, and deactiva-
tion of apoptotic pathways are the most common MDR
resistance mechanisms [6-9]. Most chemotherapeutic
drugs induce cancer cell death and apoptosis through the
induction of oxidative stress and the generation of reac-
tive oxygen species (ROS). Oxidative stress causes an
unstable oxidant-antioxidant balance in favor of oxidizing
substances, leading to increased production of free radi-
cals, particularly ROS (H,0,, O2°~, OH", etc.), thus dam-
age to biomolecules. Cancer cells have a higher rate of
metabolic activity compared to normal cells; they exhibit
higher rates of oxidative stress and ROS production. It
is believed that in cancer cells, ROS may play a dual role
by eliciting both pro-apoptotic and pro-survival effects.
Unregulated redox systems and altered intracellular
ROS levels have been defined as underlying mechanisms
mediating MDR, which regulates key cellular pathways
involved in drug resistance and pro-survival regulat-
ing pathways. Therefore, redox-modifying strategies are
required to overcome this resistance and to improve
cancer drug sensitization [7, 10]. The most important
antioxidant mechanism that protects cells from free radi-
cal, radiation, and chemotherapy attacks is glutathione
(GSH) and its related enzymes. Cancer cell GSH content
is directly related to the overall regulation of redox status
and drug response [11].

In recent decades, the limited efficacy of some drugs
and the severity of side effects have drawn attention to
naturally derived compounds [12, 13]. Combined chemo-
therapy with certain natural compounds may improve
health, reduce the chance of recurrence, improve
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chemotherapy outcomes, and reduce dose and damage
[4]. The anticancer effects of different polyphenols were
widely improved as greatly beneficial and interesting
agents in attack cancer cells by a variety of ways [9]. They
were identified as redox-active molecules with relatively
low toxicity. They exhibit a wide range of benefits includ-
ing anti-inflammatory, antimutagenic, and anticarcino-
genic actions [7, 13-15].

Combination therapy with tamoxifen and antioxidants
can enhance the anticancer efficacy of tamoxifen as the
administration of tamoxifen in combination with antioxi-
dants such as riboflavin and niacin restores antioxidant
activity accompanied by enhanced antitumor activity.
However, antioxidants can reduce the effectiveness of
anticancer treatments [16].

Tamarindus indica (T, indica) is a well-known medici-
nal plant which is a perennial tropical plant that is widely
taken as a traditional medicinal plant all over the world.
The chemistry of this plant falls into several classes,
including phenolic compounds and flavonoids [17]. Pre-
viously, T. indica extract was shown to have antioxidant
activity and cytotoxic effect on breast cancer cell lines
(MCE-7), where it inhibited the activity of these cells
by 72%. However, the combination therapy of T. indica
extract with the drug tamoxifen yielded unexpected
results. Both the plant extract and the cytotoxic inhibi-
tory effect of tamoxifen were eliminated [18].

The aim of this study was to evaluate the effect of T.
indica extract on one of the most important antioxi-
dant defense mechanisms, GSH, and its related enzymes
responsible for cell defense against oxidative stress and
the effects of chemotherapy. Additionally, the study
investigated the effect of combination therapy using
tamoxifen with the plant extract to assess its impact on
increasing tamoxifen efficacy, reducing drug dose, and
addressing drug resistance, which is a significant con-
tributor to cancer treatment failure. GSH was added to
the extract and TAM combination therapy, assuming that
it would reduce the negative effects of this combination.
GSH is available as a dietary supplement to improve the
efficiency of anti-toxin systems.

Materials and methods

Chemicals

Dichloromethane, ethyl acetate, ethanol, and #-butanol,
bovine serum albumin fraction IV (BSA), reduced glu-
tathione (GSH), oxidized glutathione (GSSG), and
1-chloro-2, 4-dinitrobenzene (CDNB) were purchased
from Merck Company. Nicotinamide adenine dinucleo-
tide phosphate reduced form (NADPH) and tamoxifen
were purchased from Sigma Chemical Company (St.
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Louis, MO, USA). All other chemicals were of the highest
purity commercially available.

Preparation of plant extracts

Dry seeds of T. indica, a well-known plant in the local mar-
kets in Egypt with traditional uses, were purchased and
identified. T. indica seeds (250 g) were washed with water,
dried at room temperature for 6 days and ground into fine
powder using a domestic blender, and mixed with solvents
(1:5w/v) of increasing polarity: dichloromethane, ethyl
acetate, and z-butanol. The mixture was allowed to stand
at room temperature for 12 h in the dark, with occasional
agitation. The partitioned fractions were centrifuged at
1000x g for 10 min, filtered through Whatman No. 1 fil-
ter paper, and evaporated to dryness. The obtained dry
weights (DW) of the three fractions were weighted and
saved at—4 °C for further analysis.

Cell line authentication, culture, and treatment

A human breast cancer cell line, human Caucasian breast
cancer, MCF-7, was established. All the following proce-
dures were done in a sterile area using a laminar flow cabi-
net biosafety class II level (Baker, SG403INT, Sanford, ME,
USA). Cells were suspended in Dulbecco’s Modified Eagle’s
Medium-high glucose (DMEM medium) HCT116, 1%
antibiotic—antimycotic mixture (10,000 U/ml potassium
penicillin, 10,000 pg/ml streptomycin sulfate and 25 ug/
ml amphotericin B), and 1% L-glutamine at 37 °C under
5% CO,. Cells were batch cultured for 10 days and then
seeded at concentration of 10x10* cells/well in fresh com-
plete growth medium in 96-well microtiter plastic plates at
37 °C for 24 h under 5% CO, using a water-jacketed carbon
dioxide incubator (Sheldon, TC2323, Cornelius, OR, USA)
[19]. Media was aspirated, fresh medium (without serum)
was added, and cells were incubated for 48 h either alone
(negative control) or with different IC,; concentrations of T.
indica extract (47.3 g/mL) TAM (0.8 ug/mL) and their co-
treatments in the absence and presence of GSH (100 uM).

Preparation of cell lysate

After incubation, the medium was removed. Cells were
scraped. The cells were washed twice with cold phosphate
buffer saline. Cells were lysed in 0.1-M potassium phos-
phate buffer, pH 8.0 containing 5.0-mM EDTA and 5.0-mM
[-mercaptoethanol. The lysate was sonicated for 30 s three
times, centrifuged at 2000 rpm, and preserved at —20 °C for
further analyses.

Biochemical analyses

Glutathione transferase activity

Glutathione transferase (GSTs; EC 2.5.1.18) activity was
determined according to the method [20] by measur-
ing the increase in the concentration of the conjugation
product of GSH and CDNB at 340 nm over 3 min at
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30 °C. One unit of GST activity is defined as the forma-
tion of 1 umole product per min at 30 °C.

Glutathione peroxidase activity

The activity of glutathione peroxidase (GPx; EC 1.11.1.9)
was determined according to the method described
by [21]. The assay reaction mixture contained inl-mL
volume, 50-mM potassium phosphate buffer, pH 7.0,
0.005-M EDTA, 0.075-mM H,0O,, 5.0-mM GSH, 0.28-
mM NADPH, 1-IU GR, and a suitable crude enzyme
homogenate volume. One unit is equivalent to the
oxidation of 1 umole of NADPH in 1 min, at 30 °C.
The extinction coefficient of NADPH was taken to be
6.22mM'cm™

Glutathione reductase activity

The activity of glutathione reductase (GR; EC 1.8.1.7)
was determined spectrophotometrically at 30 °C follow-
ing the decrease in absorbance at 340 nm according to
the method described by [22]. The assay reaction mix-
ture contained in a total volume of 1 mL, 50-mM potas-
sium phosphate buffer, pH 7.0, 1-mM EDTA, 0.1-mM
NADPH, 0.5-mM oxidized glutathione, and the enzyme
solution. One unit of GR activity is defined as the amount
of enzyme which oxidizes 1 pmole of NADPH per min.

Catalase activity

Catalase (CAT; EC 1.11.1.6) activity determination was
carried out according to the method described by [23].
The method is based on monitoring the rate of decom-
position of H,O, at 30 °C. For CAT activity determina-
tion, suitable volume of crude enzyme was added to 1 mL
of substrate mixture, which consisted of 0.02-M H,0,
in 50-mM phosphate buffer, pH 7.0. The decomposi-
tion of H,O, was followed as a decline in absorbance at
240 nm for 1 min. One unit of activity was defined as
the calculated consumption of 1 pmole of H,O,/min at
30 °C. The extinction coefficient of H,0, was taken to be
436 Mt cm™

Lactate dehydrogenase activity

Lactate dehydrogenase (LDH; 1.1.1.27) activity was
measured spectrophotometrically at 340 nm by deter-
mining the rate of oxidation of NADH in the enzymatic
conversion of pyruvate to lactate. The reaction was car-
ried out in the potassium-pyruvate solution as described
by [24].

Lipid peroxidation
Level of lipid peroxidation was determined by measuring
the formation malondialdehyde (MDA) using the method
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of [25]. The principle is based on the fact that MDA pro-
duced from the peroxidation of membrane fatty acid
reacts with 2-thiobarbituric acid (TBA) to yield a pink-
colored complex measured spectrophotometrically at
532 nm.

Total glutathione content

The total glutathione content (GSH) was measured color-
imetrically as shown by [26]. The cell homogenates were
mixed with equal volume of 13% TCA. The precipitated
proteins were removed by centrifugation at 2000 rpm
for 10 min, and the supernatant was used for the assay of
total GSH.

Total protein concentration
Protein concentration was determined using bovine
serum albumin as a standard [27].

Genotoxicity assay

Comet assay (single-cell gel, SVG)

DNA fragmentation was measured by the alkaline comet
assay, which is used to identify the individual DNA
migration patterns [28, 29]. The basic steps of comet
assay are as follows: A layer of 1% ordinary agarose was
first applied to conventional microscope slides. The cell
suspension (lysate) was then combined with 70 pL of
0.5% low melting point agarose and applied to the slides.
All slides were immersed in chilled buffer solution (2.5-M
NaCl, 100-mM EDTA, 10-mM Trizma base, NaOH was
added to pH 10; 1% Triton X-100, 10% DMSO were
freshly added). Slides were kept in lysing solution for up
to 24 h at 4 °C in the dark. Slides were then placed in an
electrophoresis tank and placed in in freshly prepared
alkaline solution (300-mM NaOH and 1.0-mM EDTA,
pH 13) for 20 min, and then electrophoresis was per-
formed for 30 min at 25 V (0.79 V). Slides were washed
three times in neutralizing buffer for 5 min (0.4 M Tris,
pH 7.5). Slides were fixed in cold 100% ethanol, dried
in air, and stained with ethidium bromide. Slides were
examined by fluorescent microscope (Carl Zeiss Axi-
oplan with epifluorescence using filter 15 BP546/12,
FT580, and LP590). The extent of DNA migration for
each sample was determined by simultaneous image cap-
ture and scoring of 50 cells at magnification 400 X using
Komet 5 image analysis software developed by Kinetic
Imaging, Ltd. (Liverpool, UK). Images of comets were
taken using a closed-circuit digital camera (CCD). All
samples were evaluated for the extent of DNA damage
using the following parameters: tail length, tail DNA %,
and tail moment.
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Statistical analysis

All data are reported as mean + SD for n=3-4 independ-
ent experiments. Data were statistically analyzed using
one-way analysis of variance option in SAS 9.3. Signifi-
cant differences among means were separated using Dun-
can’s test. The p-values of less than 0.05 were considered
to be significant. For the cell viability assay, the statistical
significance was assessed between samples and the nega-
tive control (vehicle cells) using the SPSS 11 independent
t-test. A probit analysis for IC;, and ICy, was conducted
using the SPSS 11 system.

Results

The biochemical effects of four main treatments on
MCE-7 cell lines were evaluated after 48 h of incubation
at IC,; concentrations of T. indica extract (47.3 g/mL),
TAM (0.8 ug/mL), and their co-treatments in the absence
and presence of GSH.

Evaluation of GSH levels and its antioxidant

and detoxification enzyme activities of MCF-7 cells

The level of GSH and the catalytic activities of GST, GPx,
and GR were determined in MCF-7 cell lines with four
different treatments and untreated cells.

T. indica extract treatment

Treatment of MCF-7 cell lines with T indica extract
(47.3 g/mL) at IC,5 concentration increased GSH level by
more than 7-fold to 0.69 £0.034 pmol/mg protein com-
pared to untreated cells, P<0.05. Compared to untreated
cells, the extract treatment increased the activity of
GST, GPx, and GR to 1.1 unit/ mg protein (235%, 2.35-
fold), 0.6+0.26 unit/ mg protein (158%, 1.58-fold), and
0.204£0.01 unit/ mg protein (214%, 2.15-fold), respec-
tively (Table 1 and Fig. 1A).

TAM treatment

The anticancer drug TAM, has a dramatic effect on GSH
and its related enzymes of MCE-7 cells (/C,;=0.8 g/mL),
P<0.05. GSH levels increased to 2.66+0.024 pumol/mg
protein, a 27.8-fold increase compared to untreated cells,
and a 3.86-fold increase compared to T. indica treatment,
P<0.05. GST activity increased 8.33-fold to 3.89+0.43
unit/mg protein as compared to untreated cells and 3.5-
fold when compared to T. indica treatment, P<0.05. The
GPx activity showed a significant increase, with a 3.4-fold
and 2.15-fold higher activity compared to untreated and
T indica treated cells, respectively (Table 1 and Fig. 1B).
This is the opposite of the effect of the increase observed
with the previous parameters. The effect of TAM on
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Table 1 Level of GSH, and detoxification enzyme activities of MCF-7-treated cells

Treatment with IC,; concentration GPx GR GST
Untreated cells 0.096+0.012¢ 0.380+0.03° 0.095+0.03° 047 +0.06°
T. indica extract 0.69+0.034° 0.6+0.26° 0.204+0.01° 1.10+0.02¢
TAM 2.66+0.024° 1.29+040° 0.041+0.005¢ 3.89+043°
Extract+TAM 0854021 1.56+0.21° 0.245+0.067° 1.11+£0.10°
Extract + TAM + GSH 1.03+0.03° 1.68+0.52° 0.207 £0.046° 157+0.12°

The values represent the mean + SD of three independent experiments. Values with different superscript letters within the same column indicate significant
differences at P<0.05. GSH level was expressed as umol/mg protein, and enzyme activities of GST, GPx, and GR were expressed as umole/min/mg protein. GSH,
reduced glutathione; GST, glutathione S-transferase; GPx, glutathione peroxidase; GR, glutathione reductase
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GR activity was significantly reduced to 0.041+0.005
units/mg protein with a 2.3-fold decrease compared
to untreated cells and a 5-fold decrease compared to T.
indica treatment, P<0.05.

Co-treatment between T. indica extract and TAM

However, co-treatment of MCF-7 cells with TAM and T
indica extract reduced the effect on GSH levels and GST
and GR activities to almost the same levels as 7. indica
extract single treatments. GPx activity was unaffected
by such co-treatment. The antioxidant concentration
of GSH (100 uM) increased GST and GPx activities to
1.57£0.12 and 1.68 +0.52 unit/mg protein, respectively,
while reducing GR activity to 0.207 + 0.046 unit/mg pro-
tein (Table 1 and Fig. 1C).

Evaluation of oxidative stress status of MCF-7 cells (CAT
and LDH activities and MDA production as a biomarker

of lipid peroxidation)

ROS generated in the cell during cellular metabolism can
chemically react with cellular components such as nucleic
acids, proteins, and lipids, generating oxidative changes
and potentially damaging their biological activities.
Cells, fortunately, have evolved many antioxidant defense
mechanisms (as metabolites, vitamins, and enzymes) to
neutralized or minimize the damaging effects of reactive
species and/or their by-products. Any disruption in the
balance of antioxidants and reactive species leads in a
physiological condition known as “oxidative stress” CAT
is an important antioxidant enzyme that significantly
reduces oxidative stress by decomposing cellular hydro-
gen peroxide to create water and oxygen.

Activities of enzymatic markers of oxidative stress and
tissue damage conditions such as CAT and LDH as well
as the amount of MDA production were determined as
an indicator of lipid peroxidation status in MCEF-7 cell
line after 48 h of four different treatments and untreated
cells.
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T. indica extract treatment

The activity of CAT in cells treated with T. indica extract
was found to be slightly higher (2.72 +0.39 unit/mg pro-
tein) than in untreated cells (1.53 +0.13 unit/mg protein).
LDH activity recorded a significant increase in activity
in treated cells (0.147 £0.007 units/mg protein, 54-fold)
compared to untreated MCF-7 cells, P<0.05. In compari-
son to untreated cells (0.46 +0.029 umol/mg protein), the
level of MDA in cells treated with 7. indica extract was
significantly increased to 1.87+0.18 pmol/mg protein
(4.07-fold) (Table 2 and Fig. 2A).

TAM treatment

TAM treatment does not affect CAT activity (1.23+0.09
unit/mg protein) as compared to untreated cells.
TAM treatment dramatically increased MDA levels
(6.69+0.64 pmol/mg protein) compared to untreated
cells (14.6-fold) and treated cells with the extract (3.6-
fold). TAM treatment also significantly increased LDH to
0.196 £ 0.018 units/mg protein with a 72.3-fold increase
in activity compared to untreated cells (Table 2 and
Fig. 2B).

Co-treatment between T. indica extract and TAM

TAM and T indica extract co-treatment significantly
increased CAT activity to 12.1+0.06 unit/mg protein:
9.8-fold higher than TAM treatment and 4.4-fold higher
than extract treatment, P<0.05. When GSH was added
to the tamoxifen+T. indica extract treatment, it had
the same enhanced effect on CAT activity as each sin-
gle treatment and untreated cells, P<0.05 (Table 2 and
Fig. 2C). In contrast to the increased effect of TAM+T.
indica observed with CAT activity, such combined treat-
ment resulted in a significant decrease in LDH activity
(0.139+0.008 unit/mg protein) and levels of MDA pro-
duction (2.79+0.28 pmol/mg protein) compared with
tamoxifen single treatment, P<0.05. Addition of GSH
to such a combined treatment decreased MDA produc-
tion (3.53+0.35 pmol/mg protein) compared to a single
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tamoxifen treatment; however, there was a significant
decrease in LDH activity (0.039+0.002 units/mg pro-
tein) with a similar value for untreated cells (Table 2 and
Fig. 2C).

Evaluation of genotoxicity and DNA damage of MCF-7 cells
T. indica extract treatment

DNA damage parameters (tail length, % tail DNA, tail
moment) in untreated cells and MCF-7 cells treated
with T. indica extract for 48 h were evaluated (Fig. 3).
There was a slight increase in the examined DNA dam-
age parameters (insignificant change, P~ 0.05) (Fig. 3A, B,
and C).

TAM treatment
However, TAM treatment significantly increased the
three DNA damage parameters when compared to
untreated cells with 1.7-, 2.6-, and 4.26-fold increase in
tail length, tail DNA%, and tail moment, respectively
(Figs. 3 and 4).

Co-treatment between T. indica extract and TAM

The combined treatment of TAM and T. indica extract
reduced the effect of TAM damage on the tested DNA
damage factors. Significant decreases in % DNA in tail
and tail moment values were observed by 60% and 48%,
respectively, compared to TAM-treated cells, P<0.05.
Addition of the antioxidant GSH to such a combina-
tion treatment reduced % DNA and tail moment values
by 45% and 32%, respectively, compared to tamoxifen-
treated cells (Figs. 3B, C and 4C).

Discussion

Cancer has been a major source of public concern as it
has become the leading cause of morbidity and mortal-
ity worldwide. More than 60% of cancer cases are found
in Africa, Asia, Central, and South America. Accord-
ing to the International Agency for Research on Cancer,
there were around 1.1 million cancer cases and 717,000

Table 2 Oxidative stress status and viability of MCF-7 cells and CAT, LDH activities, and MDA production as a biomarker of lipid

peroxidation

Treatment at IC,; concentration CAT

Untreated cells 1.53+0.13¢
T. indica extract 2.72+039°
TAM 1.23+0.09
Extract+TAM 12.1+0.06°
Extract +TAM + GSH 6.12+0.85°

LDH MDA production
0.012+0.0004° 0.46+0.029°
0.147 £0.007° 1.87+0.18¢
0.196+0.018° 6.69+0.64°
0.139+0.008" 2.79+0.28°
0.039+0.002° 3.53+0.35°

The values represent the mean +SD of three independent experiments. Values with different superscript letters within the same column indicate significant
differences at P <0.05. CAT and LDH activities were expressed as pmole/min/mg protein, and level of MDA production was expressed as umol/mg protein. CAT,

catalase; LDH, lactate dehydrogenase; MDA, malondialdehyde production
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cancer deaths in Africa in 2020 [30]. Prostate, lung, and
colorectal cancers account for over half of all incidence
cases in men, with prostate cancer alone accounting for
27% of diagnoses. Breast cancer, lung cancer, and colo-
rectal cancer account for 51% of all new diagnoses, with
breast cancer accounting for about one-third of all female
diagnoses. As a result, an early biomarker for breast can-
cer diagnosis, prognosis, and a potential therapy target is
necessary [31]. Cancer cells are not like normal cells in
that they lack “intelligence” as a result of division and will
proliferate uncontrollably and forced to exist in aerobic
glycolysis settings. Tumor tissues can convert approxi-
mately ten times more glucose to lactate in a given time
than normal tissues under aerobic conditions [32].
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ROS are radical and non-radical chemical species
generated by partial oxygen reduction that accumulates
physiologically in parallel with cellular aerobic respira-
tion. These radicals, if not controlled, may cause DNA
damage and cell death. ROS can cause a variety of DNA
damage, such as oxidized purines and pyrimidines,
single-strand breaks, double-strand breaks, and basic
sites [33]. Drug-derived reactive oxygen species (ROS),
formed as a result of oxidative metabolism, are strongly
associated with the inflammatory response. The body
has defense mechanisms against ROS, such as certain
enzymes (e.g., superoxide dismutase, SOD, CAT, and
GPx, which generates biologically active metabolites),
and thus plays an important role in the neutralization
of ROS [34]. Oxidative stress is caused by an imbalance
in the oxidant-antioxidant balance, which leads to an
increase in the generation of free radicals, notably ROS,
and, as a result, damage to biological components. As a
result, oxidative stress has been linked to the pathogen-
esis of a variety of disorders, including cancer [7].

In the current study, levels of GSH and its related
enzymes, as well as indicators of oxidative stress status
and genotoxicity (DNA damage), were examined in cell
line homogenates. T. indica extract increased GSH lev-
els as well as GST, GPx, and GR activities in MCF-7 cell
lines (Table 1). The same was true for oxidative stress
state indicators, in which increased CAT and LDH activi-
ties correlated with increased level of MDA production
(Table 2). However, this extract had a minor effect on the
studied DNA damage parameters (Figs. 3 and 4).

Phenolic compounds have anticancer potential primar-
ily because of their antioxidant activity; they are power-
ful radical scavengers, metal chelators, modulators of
endogenous defense systems, inducers of GSH redox sta-
tus, and regulators of numerous proteins and transcrip-
tional factors [35]. The phytochemical composition of T.
indica contains several classes of phenols, which provide
its essential pharmacological properties and antioxidant
activities. The ethanol extract of T. indica contains phe-
nolics and flavonoids such as p-coumaric acid, protocat-
echuic acid, rutin, quercetin, and catechins [36]. In vitro,
the antioxidant effect of T. indica extract and its ability
to reduce lipid peroxidation were reported [17] study.
According to [36], T. indica has high phenol contents and
metal ion (Mn*?) levels, with an excellent dual effect of
antioxidant and pro-oxidative activities, as well as cyto-
toxic effects on MCF-7 cancer cells. T. indica extract also
increased the efficacy of the in vivo antioxidant resistance
system as measured by SOD, GPx, and CAT activities,
indicating that 7. indica extract has therapeutic proper-
ties that may reduce the risk of many chronic diseases in
humans [17].
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GSH is an essential tri-peptide that works in the detox-
ification system through the GST catalytic reaction and
in the antioxidant system through the GPx catalytic reac-
tion. The cellular GSH pool is utilized by both enzymes,
but after exposure to increased oxidative stress, GSH
interacts with ROS and oxidizes, forming oxidized glu-
tathione (GSSQ), reducing the GSH/GSSG ratio that is
decreased in many cancers [33, 37]. The sole enzyme that
catalyzes the recovery of GSH from GSSG in a NADPH-
dependent manner is GR [37]. This could explain the
increased GR activity observed in the current results for
MCE-7 cells treated with T. indica extract to meet eleva-
tion of GSH, thus increasing GPx activity.

Induction of ROS in cancer cells is conceived as a
promising pharmacological approach to treat cancers.

Because cancer cells have a higher basal ROS level
than normal cells, proper dosing of ROS inducers may
increase the ROS to a lethal level in cancer cells but a
sublethal level in normal cells, hence selectively kill can-
cer cells. There are many anticancer agents, which kill
cancer cells mainly or partly via induction of cellular
ROS [38].

T indica extracts (n-butanol and ethanol) were
reported to be cytotoxic on MCEF-7 cell lines, with 72%
and 45.5% of dead cells, respectively, as well as their
potential to operate as both an antioxidant and a pro-
oxidant [18, 36]. The cytotoxicity of methanolic T. indica
seed extract on two cancer cell lines (rhabdomyosar-
coma and human lymphoma) was also indicated its anti-
cancer efficacy. The presence of caffeic acid and other
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polyphenols in T. indica seeds can increase the antioxi-
dant activity of treated cancer cells, protecting them from
oxidation. It can also have an effect on cell viability, cell
cycle, migration, phosphorylation, and gene expression
[15]. Furthermore, consuming phytoestrogen-rich foods
like T indica has been proven to prevent the develop-
ment of hormone-dependent breast cancer. Also, T.
indica methanolic extract showed cytotoxicity against
MCE-7 cell lines, as well as positively modulating pro-
gesterone production and negatively modulating estro-
gen levels in a time-dependent manner [39]. This is also
true for the in vitro results using the methanol extract of
T. indica seed coat which has a promising role in breast
cancer prevention [39].
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In this study, the increase in GSH and related enzymes
(GST, GPx, and GR) is due to the ability of T. indica
extract to act as a free radical producer (pro-oxidant
activity), thus stimulating the antioxidant system. The
increased level of lipid peroxidation (increased MDA lev-
els) observed in the current study supports an imbalance
between generation and removal of free radicals. This
stimulation and imbalance within the cancer cells treated
with T indica extract could explain the higher activity of
the damaged cell marker LDH, as well as the previously
documented cytotoxicity as well as the unaffectedness
of DNA damage parameters. These results indicate that
the extract of T. indica can be used to develop new com-
pounds against hormone-dependent breast cancer as it is
possible that the effect of the plant extract on cancer cells
only without normal cells.

Chemotherapy is based on antitumor drugs, which, by
various mechanisms, interfere with the growth of cancer
cells. However, chemotherapy shows many limitations as
it is not limited to cancer cells but rather destroys healthy
tissues resulting in their loss. In addition, cancer often
develops resistance to treatment, resulting in treatment
failure and disease recurrence. Chemotherapy drugs have
significant limitations in cancer treatment, including
drug solubility and instability, nonspecific drug delivery,
and systemic toxicity. Chemotherapy drugs are classified
as alkylating agents, anti-metabolic, immunomodula-
tors, hormonal components, or antibiotics based on their
mode of action. Endocrine therapy is used when patients’
cancer cells have positive hormone receptors. An estro-
gen receptor antagonist (e.g., TAM) is a class of drugs
used in such therapy [2, 40].

In breast cancer, estrogen can bind to its receptor (ER),
and this association provides a stimulus for the prolif-
eration of breast cells, increasing the risk of mutations
during DNA replication. 17-B-Estradiol (E2) binds with
its receptors to specific regions of DNA, regulating the
expression of several genes involved in critical processes
such as cell cycle regulation, development, DNA replica-
tion, differentiation, and apoptosis [2]. TAM exerts anti-
tumor efficacy independent of estrogen receptor (ER)
expression through various mechanisms, such as those
related to oxidative stress. TAM stimulates the genera-
tion of ROS and oxidative stress that can lead to dam-
age to cellular structures and contribute to the adverse
effects of TAM. Accumulation of TAM and its metabo-
lites increases oxidative stress in breast cancer cells, lead-
ing to cell death. Cancer cells enhance TAM resistance
by increasing levels of antioxidant enzymes and elevated
levels of proteins that protect against ROS [16].

In this study, TAM treatment increased all redox bal-
ance parameters examined except for GR where a 43%
decrease in its activity and a slight decrease in CAT
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activity were observed. TAM treatment also affects
the three indicators of DNA damage with an increase
in the value of the tail moment by more than fourfold.
These results are in agreement with what has been pre-
viously reported in the literature and relate to the effect
of anticancer drugs on the oxidative stress system and
genotoxicity.

It was shown that GR activity declines dramatically
with age and in several disorders linked with increased
oxidative stress as compared to other enzymes in the
GSH system. GR is necessary in healthy cells to protect
them from oxidation. As a result, inhibiting or activating
GR activity causes problems with the antioxidant sys-
tem and several enzymatic reactions. The enzyme sys-
tem containing GST and GPx utilizes the cellular GSH
pool to induce detoxification or antioxidant responses
by inactivating xenobiotics and oxidants under nor-
mal physiological conditions. In pathological situations,
infected cells activate the glutathione system efficiently
to survive; increased glutathione levels and dependent
enzymes impair therapeutic efficiency. As a result, inhib-
iting GR enzymes is an essential therapeutic target in
the fight against various cancers. Overexpression of the
antiapoptotic protein Bcl-2 (B-cell lymphoma 2 (Bcl-2)
homologous antagonist killer) raises the level of cellular
and mitochondrial NADPH, which serves as a cofactor
in the GSSG/GSH absorption process. The higher quan-
tity of NADPH enhances mitochondrial GSH uptake, and
the Bcl-2-GSH connection prevents apoptosis. Because
of this mechanism, cancer cells become more resistant
to chemotherapy and therefore enhances antioxidant
capacity and resistance to oxidative stress [37]. This con-
cept could explain the decrease and increase in GR activ-
ity reported in our results as a result of TAM treatment
and TAM+extract co-treatments of MCEF-7 cells vs.
untreated cells.

As a consequence, combination therapy with polyphe-
nols as an adjuvant in order to enhance the anticancer
effect of commercial drugs is one attractive strategy to
overcome the problem of resistance [41]. Combination
techniques such as combining polyphenols with two or
more polyphenols, combining polyphenols with anti-
cancer drugs, combining polyphenols with vitamin sup-
plements, or combining polyphenols with other efficacy
have the potential in cancer treatment and drug resistance
prevention. These techniques may help to slow growth
of cancer cells, and in some situations, the combination
compounds can work synergistically [42]. Combination
therapy with several drugs is a common practice in cancer
treatment. It is the best cancer reduction strategy in clini-
cal chemotherapy. In fact, potential positive outcomes of
synergy include the following: (1) increasing the efficacy
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of a therapeutic effect, (2) reducing the dose but increas-
ing or maintaining the same efficacy to avoid toxicity, (3)
reducing or slowing drug resistance development, and (4)
providing synergy selectivity against target (or synergistic
efficacy) versus toxicity (or antagonism) [43].

The current study examined the effects of co-treating
T. indica extract with TAM in the absence or presence
of GSH. GSH was added to the combination treatment
between the extract and tamoxifen, believing that add-
ing GSH could mitigate the side effects of this union, as
GSH is available in the form of tablets to raise the effi-
ciency of antitoxic systems. Co-treatment of 1. indica
with TAM reduced GSH level and GST activity, whereas
this increased GR and CAT activity, accompanied by a
decrease in LDH activity and MDA production). These
findings of reduced oxidative stress status and MDA pro-
duction supported the findings of the attenuating effect
of the toxicity of the combined treatment (7. indica
extract+TAM) previously reported in our work [18].
The same has been reported for the DNA damage agents
examined; this combined treatment decreases TAM’s
adverse effect.

CAT and GPx can both detoxify H,0,. CAT is found
mostly in peroxisomes, whereas GPx is found primarily
in the cytoplasm. This cellular distribution is definitely
critical for H,0O, detoxification. Furthermore, the high
affinity of GPx for H,0, (km=6 mM) compared to the
low affinity of CAT for H,O, (km up to 25 mM) suggests
that GPx activates at low concentrations, whereas cata-
lase, with low affinity, is activated at high concentrations.
Thus, GPx and CAT alone are not enough to provide cel-
lular defense; their cooperative interaction appears to be
essential. Catalase’s susceptibility to H,O, appears to be
dependent on the amount of GPx activity. In the presence
of H,0,, the upregulation of GPx keeps catalase activity
high. The involvement of catalase in H,O, clearance min-
imizes the depletion of intracellular GSH, which would
otherwise limit the activity of GPx [44].

Cancer cells enhance TAM resistance through ele-
vated levels of enzymes that protect against ROS.
Increased levels of antioxidant proteins were observed
in TAM-resistant MCF-7 cells when compared with
nonresistant MCEF-7 cells through Nrf2/antioxi-
dant response element (ARE) activation. However, in
response, breast cancer cells increased the expression
of Nrf2 (nuclear factor (erythroid-2 related) factor 2),
which activated ARE and increased transcription of
genes related with anti-oxidation and multidrug resist-
ance transporters, enhancing survival from tamoxifen-
induced oxidative damage [16, 45].

To date, the development of the acquired resistance
to cancer tends to be associated with increased cellular
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oxidative stress. Cancer cells that are drug resistant have
a higher concentration of ROS and are more sensitive to
changes in ROS levels. Compounds that can reduce the
formation and accumulation of ROS have the potential to
be effective in treating chemoresistance. As a result, the
use of natural antioxidant molecules such as polyphenols
to create the ROS barrier has become important. The
antioxidant properties of polyphenols occur by stabilizing
free radicals [2]. Polyphenols have the potential to influ-
ence various aspects of cancer drug resistance; including
increasing drug uptake, decreasing drug metabolism by
enzymes (e.g., cytochrome-c and GST), and decreasing
drug efflux. Polyphenols also affect other chemoresist-
ance targets in cancer cells, such as autophagy and apop-
tosis [9].

The current study found that GSH depletion was
associated with reduced lipid peroxidation, and normal
DNA appearance, implying that lipids play a significant
role in resistance to H,0,-induced apoptotic cell death.
This acquired resistance to oxidative stress could be due
to intrinsic factors such as inability to initiate apoptotic
pathways in cancer cells or activation of protective path-
ways such as antioxidant enzyme systems that eliminate
ROS before they can act on the cells. We give evidence
for this possibility in this study.

The current study differs from those of other studies
interested in the same combination theory such as the
results of [41] on the combination effect of some flavo-
noids with the anticancer drug cisplatin; the potency of
a flavonoid named artocarpine has been suggested to
enhance the anticancer activity of cisplatin on H460 and
MCE-7 cell lines with morphological changes indica-
tive of apoptosis. Treatment with oleuropein (a phenolic
component found in olive oil) also decreased the develop-
ment of human breast cancer cells BT-474, MCF-7, and
T-47D, and the combined treatment oleuropein-tamox-
ifen inhibited the growth of the same cell lines in a syn-
ergistic manner. Natural substances such as hesperidin,
nobiletin, tangeretin, and naringin, when combined with
tamoxifen, have a synergistic effect on the MCF-7 cell
line. Apoptosis, cell cycle regulation, and antiangiogenic
effects are among the modes of action implicated [2].
Furthermore, co-treatment of antioxidants such as ribo-
flavin and niacin with tamoxifen could improve its anti-
cancer efficacy, as demonstrated in a Sprague—Dawley
rat model of breast carcinogenesis where it restored lipid
peroxide levels and enhanced antioxidant activity accom-
panied by antitumor activity. In contrast to what has been
shown in tamoxifen-treated female Sprague—Dawley rats,
tamoxifen-phospholipid compound can attenuate tamox-
ifen’s hepatotoxicity by reducing markers of toxicity such
as lipid peroxidation or increasing the activity of antioxi-
dant enzymes [16].
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Antioxidants have the potential to reduce the efficacy
of anticancer therapy. Cancer cells frequently accumu-
late more vitamin C than normal cells, suggesting that
they may be better protected against the detrimental
effects of ROS. The capacity of vitamin C to protect can-
cer cells against tamoxifen-induced lipid peroxidation
in a breast cancer model in vitro supports the potential
adverse effects of vitamin C supplementation during can-
cer treatment (MCF-7 cells). Moreover, co-treatment
with lycopene (a carotenoid hydrocarbon antioxidant)
increased the level of SOD, CAT, GPX, and GSH and
reduced MDA activity as well. Besides, the combination
of sodium butyrate and tamoxifen led to the upregula-
tion of the CAT, SOD, and GPx genes in rat bone marrow
cells. Therefore, this combination therapy could be asso-
ciated with modulating the genotoxic effects of tamoxifen
by reducing oxidative stress [16].

In this study, an increase in CAT and GR activity dem-
onstrated the potential to increase rates of oxidative
stress within MCF-7 cells co-treated with tamoxifen+ 7.
indica extract, suggesting handling with high concentra-
tions of free radicals. These increases in the activity of
such antioxidant enzymes resulted of the combined treat-
ment indicate that breast cancer cells are resistant to the
drug, and that the defense system is trying to overcome
the emerging oxidative stress state. All of these variants
can cause abnormalities in the genotoxicity of cancer
cells and apoptotic pathways, which explains the return
of DNA moment to normal levels.

Conclusions

Finally, the results of this study confirmed the cytotoxic
and genotoxic effect of treatment with 7. indica extract
on MCEF-7 cancer cell lines, which could be attributed
to the dynamic interaction of GSH cycle and antioxi-
dant enzymes to combat oxidative stress caused by this
extract, which can be considered as a positive therapeutic
effect. On the other hand, the negative response of can-
cer cells towards the supposed enhancement of tamox-
ifen efficacy when co-treated with T. indica confirms the
ability of these cells to protect them by activating GSH
and the antioxidant response against an increased oxida-
tive stress state. As a result, combined therapy reversed
tamoxifen’s genotoxicity and enhanced survival. Since
the antagonism and recovery of the majority of the mark-
ers and enzymes evaluated in this study were proven,
it is important to avoid taking any nutritional supple-
ments or eating a certain type of food or drink during
chemotherapy. But the main and definitive reason for this
antagonistic effect is not clear whether it is limited to the
state of oxidative stress or other causes. More research
is needed to understand the mechanism by which these
chemicals cause this impact.
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Abbreviations

CAT Catalase

GSH Reduced glutathione
GST Glutathione transferase
GPx Glutathione peroxidase

GR Glutathione reductase

LDH Lactate dehydrogenase activity
MCF-7  Human Caucasian breast cancer
TAM Tamoxifen

MDR Multidrug resistance

ROS Reactive oxygen species

Acknowledgements
Not applicable.

Authors’ contributions

This work has been carried out in cooperation with all authors. RAG designed
the manuscript diagram, searched the literature, analyzed the data, wrote the
manuscript, and took on the task of publishing it. ERZ and GSAK, participate in
designing experiments, analyzing data, performing experiments, and review-
ing manuscripts. NSS, participate in designing experiments, statistical study of
data, and participation in the manuscript review. AS participate in designing
experiments, shared in writing the manuscript, and involvement in the review
of the manuscript. All authors have read and approved the manuscript.

Funding
The research is funded by the National Research Center, Cairo, Egypt, under
grant number 121104.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate

All experiments were performed under Egyptian laws and National Research
Center regulations approved by the Medical Research Ethics Committee
(MREC) number 19286.The human breast cancer cell line (MCF-7) and normal
skin fibroblasts (BJ1) were performed and identified by the Drug Bioassay-Cell
Culture Laboratory, National Research Centre, Cairo, Egypt.

Consent for publication
All authors have given their consent for publication.

Competing interests
The authors declare that they have no competing interests.

Received: 20 December 2022 Accepted: 26 October 2023
Published online: 21 November 2023

References

1. Ferlay J, Colombet M, Soerjomataram |, Parkin DM, Pifieros M, Znaor A,
Bray F (2021) Cancer statistics for the year 2020: an overview. Int J Cancer.
https://doi.org/10.1002/ijc.33588. Epub ahead of print. PMID: 33818764

2. Maiuolo J, Musolino V, Gliozzi M, Carresi C, Oppedisano F, Nucera S,
Scarano F, Scicchitano M, Guarnieri L, Bosco F, Macri R, Ruga S, Carda-
mone A, Coppoletta AR, llari S, Mollace A, Muscoli C, Cognetti F, Mollace
V (2022) The employment of genera Vaccinium, Citrus, Olea, and Cynara
polyphenols for the reduction of selected anti-cancer drug side effects.
Nutrients 14:1574-1598

3. Abdelaziz AH, Shawki MA, Shaaban AM, Albarouki SK, Rachid AM,
Alsalhani OM, Jomaa MK (2021) Breast cancer awareness among Egyptian
women and the impact of caring for patients with breast cancer on fam-
ily caregivers'knowledge and behaviour. Res Oncol 17:1-8

4. Wende M, Sithole S, Chi GF, Stevens MY, Mukanganyama S (2021) The
effects of combining cancer drugs with compounds isolated from Com-
bretum zeyheri Sond. and Combretum platypetalum Welw. ex M.A. Lawson

(2023) 21:131

20.

21

22.
23.
24.
25.
26.

27.

28.

Page 12 of 13

(Combretaceae) on the viability of Jurkat T cells and HL-60 cells. Biomed
Res Int 18.https://doi.org/10.1155/2021/6049728

Funakoshi-Tago M, Tago K; Li C, Hokimoto S, Tamura H (2020) Coffee decoction
enhances tamoxifen proapoptotic activity on MCF-7 cells. Sci Rep 10:19588
Zong L, Pi Z, Liu'S, Liua Z, Song F (2018) Metabolomics analysis of
multidrug-resistant breast cancer cells in vitro using methyl-tert-butyl
ether method. RSC Adv 8:15831-15841

Ebrahimi S, Hashemy SI (2019) MicroRNA-mediated redox regulation
modulates therapy resistance in cancer cells: clinical perspectives. Cellu
Oncol 42:131-141

Dobiasova S, Rehotové K, Ku¢erové D, Biedermann D, Karové K,
Petraskova L, Koucka K, Vaclavikova R, Valentové K, Ruml T, Macek T, Kien
V, Viktorovd J (2020) Multidrug resistance modulation activity of silybin
derivatives and their anti-inflammatory potentia. Antioxidants 9:455-480
Maleki Dana P, Sadoughi F, Asemi Z, Yousef B (2022) The role of polyphe-
nols in overcoming cancer drug resistance: a comprehensive review. Cell
Mol Biol Lett 27:1-26. https://doi.org/10.1186/511658-021-00301-9
SunW, Dai L, Yu H, Puspita B, Zhao T, Lid F, Tand JL, Lim YT, Chen MW,
Sobota RM, Tenen DG, Prabhu N, Nordlund P (2019) Monitoring structural
modulation of redox-sensitive proteins in cells with MS-CETSA. Redox Biol
24:101-168

. ZhuZ,Du S, DuY, Ren J,Ying G, Yan Z (2018) Glutathione reductase medi-

ates drug resistance in glioblastoma cells by regulating redox homeosta-
sis. J neurochem 144:93-104

Garg N, Howells J, Yiannikas C, Vucic S, Krishnan AV, Spies J, Bostock H,
Mathey EK, Pollard JD, Park SB, Kiernan MC (2017) Motor unit remodel-
ling in multifocal motor neuropathy: the importance of axonal loss. Clin
Neurophys 128:2022-2028

Stefanello FS, Santos CO, Bochi VC, Paula A, Fruet B, Soquetta MB, Dorr
AC, Nornberg JL (2018) Analysis of polyphenols in brewer’s spent grain
and its comparison with corn silage and cereal brans commonly used for
animal nutrition. Food Chem 239:385-401

Ledn-Gonzalez AJ, Auger C, Schini-Kerth VB (2015) Pro-oxidant activity
of polyphenols and its implication on cancer chemoprevention and
chemotherapy. Biochem Pharmacol 98:371-380

Hussain T, Tan B, Yin Y, Blachier F, Tossou MCB, Rahu N (2016) Oxidative stress and
inflammation: what polyphenols can do for us? Oxid Med Cell Long 2016:1-9
Ahmed NS, Samec M, Liskova A, Kubatka P, Saso L (2021) Tamoxifen and
oxidative stress: an overlooked connection. Discov Oncol 12:17-31
Akram M, Muddasar M, Adamu G, Kalum A, Islam S (2021) Phyto-pharma-
cology of Tamarindus indica. Cienc Invest 24:33-40

Guneidy RA, Gad AM, Zaki ER, Ibrahim FM, Shokeer A (2020) Antioxidant
or pro-oxidant and glutathione transferase P1-1 inhibiting activities for
Tamarindus indica seeds and their cytotoxic effect on MCF-7 cancer cell
line.J Gen Engin Biotech 18:74-89

Zingue S, Njuh AN, Tueche AB, Tamsa J, Tchoupang EN, Kakene SD,
Sipping MTK, Njamen D (2018) In vitro cytotoxicity and in vivo anti-
mammary tumor effects of the hydroethanolic extract of Acacia seyal
(Mimosaceae) stem bark. Biomed Res Int 2018:1-13

Habig WH, Pabst MJ, Jakoby WB (1974) Glutathione S-transferases: the first
enzymatic step in mercapturic acid formation. J Biol Chem 249:7130-7139
Paglia DE, Valentine WN (1967) Studies on the quantitative and qualita-
tive characterization of erythrocyte glutathione peroxidase. Lab Clin Med
70:158-169

Zanetti G (1979) Rabbit liver glutathione reductase: purification and
properties. Arch Biochem Biophys 198:241-246

Aebi H (1984) Catalase in vitro. Methods Enzymol 105:121-126

Fountain JA, Parks ME, Dickey A, McKee RW (1970) Lactate dehydroge-
nase isoenzymes in tissues of normal and Ehrlich-Lettré ascites tumor-
bearing Swiss mice. Cancer Res 30:998-1002

Ohkawa H, Oshishi N, Yagi K (1979) Assay for lipid peroxides in animal-
tissues by thiobarbituricacid reaction. Anal Biochem 95:351-358

Saville B (1958) Colorimetric method for total thiol determination. Analyst
83:670-672

Bradford MM (1976) A rapid and sensitive method for quantization of
microgram quantities of protein utilizing the principle of protein-dye-
binding. Anal Biochem 72:248-254

Tice RR, Agurell E, Anderson D, Burlinson B, Hartmann A, Kobayashi H,
Miyamae Y, Rojas E, Ryu J-C, Sasaki YF (2000) Single cell gel/comet assay:
guidelines for in vitro and in vivo genetic toxicology testing. Environ Mol
Mutagen 35:206-221


https://doi.org/10.1002/ijc.33588
https://doi.org/10.1155/2021/6049728
https://doi.org/10.1186/s11658-021-00301-9

Guneidy et al. Journal of Genetic Engineering and Biotechnology

29.

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

(2023) 21:131

Nandhakumar S, Parasuraman S, Shanmugam MM, Ramachandra Rao KR,
Chand P, Bhat BV (2011) Evaluation of DNA damage using singlecell gel
electrophoresis (comet assay). J Pharmacol Pharmacother 2:107-111
Sharma R, Aashima, Nanda M, Fronterre C, Sewagudde P, Ssentongo AE,
Yenney K, Arhin ND, Oh J, Amponsah-Manu F, Ssentongo P (2022) Map-
ping cancer in Africa: a comprehensive and comparable characterization
of 34 cancer types using estimates from GLOBOCAN 2020.https://doi.org/
10.3389/fpubh.2022.839835

Siegel RL, Miller KD, Fuchs HE, Jemal A (2022) Cancer statistics. Cancer J
Clin 72:7-33. https://doi.org/10.3322/caac.21708

Mehdi M, Menon MKC, Seyoum N, Bekele M, Tigeneh W, Seifu D (2018)
Blood and tissue enzymatic activities of GDH and LDH, index of glu-
tathione, and oxidative stress among breast cancer patients attending
referral hospitals of Addis Ababa, Ethiopia: hospital-based comparative
cross-sectional study. Oxid Med Cell Longev 2018:1-13

Stefanou DT, Kouvela M, Stellas D, Voutetakis K, Papadodima O, Syrigos

K, Souliotis VL (2022) Oxidative stress and deregulated DNA damage
response network in lung cancer patients. Biomed 10:1248-1262

Bansal A, Simon MC (2018) Glutathione metabolism in cancer progres-
sion and treatment resistance. J Cell Biol 217:2291-2298

Abotaleb M, Liskova A, Kubatka P, Bisselberg D (2020) Therapeutic
potential of plant phenolic acids in the treatment of cancer. Biomolecules
10:221-244. https://doi.org/10.3390/biom 10020221

Guneidy RA, Zaki ER, Gad AM, Saleh NSE, Shokeer A (2022) Evalua-

tion of phenolic content diversity along with antioxidant/pro-oxidant,
glutathione transferase inhibition, and cytotoxic potential of selected
commonly used plants. Prev Nutr Food Sci 27:282-298

Giller P, Karaman M, Gller U, Aksoy M, Kiifrevioglu Of (2021) A study

on the effects of inhibition mechanism of curcumin, quercetin, and
resveratrol on human glutathione reductase through in vitro and in silico
approaches. J Biomol Struct Dyn Mar 39:1744-1753

Wu H, Wang Y, Ying M (2021) Lactate dehydrogenases amplify reac-

tive oxygen species in cancer cells in response to oxidative stimuli.

Signal Transduction Targeted Ther 6:242. https://doi.org/10.1038/
s41392-021-00595-3

Krishna AS, Benny B, Samraj S, John P, Radhakrishnan U (2022) Modulatory
potential of Tamarindus indica seed coat on oestrogen and progestogen
secretion in MCF-7 cell lines. J Phytopharm 11:75-78

Yao J, Deng K, Huang J, Zeng R, Zuo J (2020) Progress in the understand-
ing of the mechanism of tamoxifen resistance in breast cancer. Front
Pharmacol 11:592912-592920

Daud NNNNM, Septama AW, Simbak N, Abu Bakar NH, Rahmi EP (2019)
Synergistic effect of flavonoids from Artocarpus heterophyllus heartwoods
on anticancer activity of cisplatin against H460 and MCF-7 cell lines. Nat
Prod Sci 25:311-316

Arora |, Sharma M, Tollefsbol TO (2019) Combinatorial epigenetics impact
of polyphenols and phytochemicals in cancer prevention and therapy. Int
J Mol Sci 20:4567-4608

Zhao', Gao JL, Ji JW, Gao M, Yin QS, Qiu QL, Wang C, Chen SZ, Xu J, Liang
RS, Cai Y-Z, Wang XF (2014) Cytotoxicity enhancement in MDA-MB-231
cells by the combination treatment of tetrahydropalmatine and berber-
ine derived from Corydalis yanhusuo W T. Wang. J Intercut Ethnopharma-
col 3:68-72

Baud O, Greene AE, Li J, Wang H, Volpe JJ, Rosenberg PA (2004) Glu-

Page 13 of 13

tathione peroxidase-catalase cooperativity is required for resistance

to hydrogen peroxide by mature rat oligodendrocytes. J Neurosci
24:1531-1540. https://doi.org/10.1523/JNEUROSCI.3989-03

Bekele RT, Venkatraman G, Liu RZ, Tang X, Mi S, Benesch MG, Mackey JR,
Godbout R, Curtis JM, McMullen TP, Brindley DN (2016) Oxidative stress
contributes to the tamoxifen-induced killing of breast cancer cells: impli-
cations for tamoxifen therapy and resistance. Sci Rep 6:21164. https://doi.
0rg/10.1038/srep21164

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.3389/fpubh.2022.839835
https://doi.org/10.3389/fpubh.2022.839835
https://doi.org/10.3322/caac.21708
https://doi.org/10.3390/biom10020221
https://doi.org/10.1038/s41392-021-00595-3
https://doi.org/10.1038/s41392-021-00595-3
https://doi.org/10.1523/JNEUROSCI.3989-03
https://doi.org/10.1038/srep21164
https://doi.org/10.1038/srep21164

	Adverse effect of Tamarindus indica and tamoxifen combination on redox balance and genotoxicity of breast cancer cell
	Abstract 
	Background 
	Results 
	Conclusion 

	Background
	Materials and methods
	Chemicals
	Preparation of plant extracts
	Cell line authentication, culture, and treatment
	Preparation of cell lysate
	Biochemical analyses
	Glutathione transferase activity
	Glutathione peroxidase activity
	Glutathione reductase activity
	Catalase activity
	Lactate dehydrogenase activity

	Lipid peroxidation
	Total glutathione content
	Total protein concentration
	Genotoxicity assay
	Comet assay (single-cell gel, SVG)

	Statistical analysis

	Results
	Evaluation of GSH levels and its antioxidant and detoxification enzyme activities of MCF-7 cells
	T. indica extract treatment
	TAM treatment
	Co-treatment between T. indica extract and TAM

	Evaluation of oxidative stress status of MCF-7 cells (CAT and LDH activities and MDA production as a biomarker of lipid peroxidation)
	T. indica extract treatment
	TAM treatment
	Co-treatment between T. indica extract and TAM

	Evaluation of genotoxicity and DNA damage of MCF-7 cells
	T. indica extract treatment
	TAM treatment
	Co-treatment between T. indica extract and TAM


	Discussion
	Conclusions
	Acknowledgements
	References


