Received: 1 April 2019 Revised: 24 July 2019

Accepted: 26 August 2019

DOI: 10.1111/cbdd.13621

RESEARCH ARTICLE

Sanguinarine enhances cisplatin sensitivity via glutathione
depletion in cisplatin-resistant ovarian cancer (A2780) cells

Roya Sarkhosh-Inanlou’ | Morteza Molaparast' | Adel Mohammadzadeh'” |

Vahid Shafiei-Irannejad1

ICellular and Molecular Research
Center, Cellular and Molecular Medicine
Institute, Urmia University of Medical
Sciences, Urmia, Iran

2Department of Immunology and
Genetic, Urmia University of Medical
Sciences, Urmia, Iran

Correspondence

Vahid Shafiei-Irannejad, Cellular and
Molecular Research Center, Cellular and
Molecular Medicine Institute, Urmia
University of Medical Sciences, Urmia,
Iran.

Emails: vahid.shafiei @hotmail.com;
Shafiei.v@umsu.ac.ir

1 | INTRODUCTION

Abstract

Ovarian cancer is considered as one of the most lethal gynecological cancers, and cis-
platin-based therapy has an important role as the first-line option for chemotherapy.
Resistance to chemotherapy is the main obstacle against successful cancer chemo-
therapy with cisplatin. Therefore, identifying potent compositions and molecules
with fewer side-effects is a big challenge to overcome cisplatin resistance. In this
study, we investigated the possible mechanism and potency of sanguinarine, a plant-
derived alkaloid, in human cisplatin-resistant ovarian cancer (A2780/R) cells. The
effect of sanguinarine on cytotoxicity of cisplatin was determined by MTT assay.
Apoptosis-inducing effect of sanguinarine alone and in combination with cisplatin
was evaluated by annexin V/PI assay and DAPI staining. Intracellular glutathione
(GSH) content was quantitated using GSH assay kit after treatment with sanguinar-
ine. Results indicated that sanguinarine enhances the sensitivity of A2780/R cells to
cisplatin. Apoptosis-inducing effect of cisplatin was also enhanced when combined
with sanguinarine. Furthermore, sanguinarine reduced intracellular GSH content in a
dose-dependent but not time-dependent manner. These findings suggest that sangui-
narine could reverse cisplatin resistance in A2780/R cells through GSH reduction.
Therefore, sanguinarine can be used as one of the potent adjuvants for ovarian cancer

chemotherapy.
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patients develop resistance after several times of exposure
to cisplatin. Therefore, patients suffering from ovarian

Ovarian cancer is considered as one of the most lethal
cancers of the women. Standard treatment procedures
for ovarian cancer include surgery followed by chemo-
therapy, and cisplatin is considered as the first-line che-
motherapy option (Itamochi & Kigawa, 2012; Oronsky
et al., 2017). Despite the favorable initial response, most
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cancer have a very poor five-year survival rate (Eckstein,
2011; Markman & Bookman, 2000). Multidrug resistance
(MDR) against chemotherapeutics can be developed with
various mechanisms such as overexpression of drug efflux
proteins, reduced drug uptake, enhanced activity of DNA
repair pathways, alteration of target molecules, alteration
of apoptotic pathways, and inactivation of drugs by glu-
tathione, and other detoxifying agents (Shafiei-Irannejad,
Samadi, Salehi, et al., 2018; Shafiei-Irannejad, Samadi,
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Yousefi, et al., 2018). Among them, enhanced drug inacti-
vation by glutathione (GSH) has been shown to be the main
mechanism for resistance against cisplatin (Nikounezhad,
Nakhjavani, & Shirazi, 2017). When cisplatin enters inside
the cells, it forms active electrophilic metabolites by aqua-
tion hydrolysis which can react with various intracellular
molecules such as DNA (Perez, 1998). However, GSH can
conjugate with these active metabolites and GSH—cisplatin
complex is pumped out of the cell by the glutathione-S-
conjugate (GS-X) export pump which prevents them from
reaching to target molecules, and as a result, resistance to
cisplatin will occur (Meijer, Mulder, Hospers, Uges, & De
Vries, 1990; Zhang, Li, & Yu, 2017). Therefore, targeting
intracellular GSH can be considered as a promising strat-
egy for successful chemotherapy with cisplatin.

Previous studies have shown that sanguinarine, a plant-de-
rived alkaloid, can reduce intracellular GSH content (Debiton,
Madelmont, Legault, & Barthomeuf, 2003; Ulrichova et al.,
2001). Sanguinarine belongs to the family of benzophenan-
thridine alkaloids and have shown several biological proper-
ties including anti-inflammatory, antibacterial, and antifungal
activities. In addition to that, anticancer effects of sangui-
narine have been reported in different cancers with multiple
pathways (Matkar, Wrischnik, & Hellmann-Blumberg, 2008;
Park et al., 2010). Ulrichova and colleagues have shown that
sanguinarine decreases intracellular GSH content in hepato-
cytes (Ulrichovi et al., 2001). In another study, Debiton and
colleagues showed GSH depletion in L-929 murine cells after
treatment with sanguinarine (Debiton et al., 2003). Since GSH
content is associated with resistance to cisplatin, it seems that
the natural compound, sanguinarine, can reverse GSH-asso-
ciated resistance in cisplatin-resistant cells. Therefore, in the
current study we investigate the possible effects of sangui-
narine on cytotoxicity of cisplatin, apoptosis-inducing effects
of cisplatin, and intracellular GSH levels in cisplatin-resistant
ovarian cancer (A2780/R) cells.

2 | METHODS AND MATERIALS

Cisplatin and sanguinarine were obtained from Cayman,
USA. N-Acetylcysteine (NAC) was obtained from Avicenna
Laboratories Inc, Iran. 4,6-Diamidino-2-phenylindole
(DAPI) and 3-(4,5-dimethylthiazol)-2, 5-diphenyltetrazolium
bromide (MTT) were obtained from Sigma Co, USA. Fetal
bovine serum (FBS), RPMI-1640, and trypsin-EDTA were
purchased from Gibco, USA. Human sensitive (A2780/S) and
cisplatin-resistant ovarian cancer cells (A2780/R) were kind
gifts from FH. Shirazi, Pharmaceutical Sciences Research
Center, Shahid Beheshti University of Medical Sciences,
Tehran, Iran. Annexin V/Propidium iodide apoptosis kit was
purchased from MabTag GmbH, Germany. GSH (reduced
glutathione) assay kit was obtained from ZellBio GmbH,

Germany. This study was carried out under the approved
protocols with the ethical committee of Urmia University of
Medical Sciences (IR.UMSU.REC.1397.254).

2.1 |

A2780/S and A2780/R cells were cultured in RPMI-1640
medium containing 10% FBS, 100 unit/ml penicillin, and
100 mg/ml streptomycin and maintained in 37°C incuba-
tor with 50% CO,. To maintain the resistance phenotype,
A2780/R cells received 2.5 pM cisplatin in each culture
which was removed from the medium one week prior to each
experiment.

Cell culture

22 |

To determine the cytotoxicity of various compounds, MTT
assay was performed according to previous methods (Azimi
et al., 2018). Briefly, A2780/S and A2780/R cells at the
density of 10* cells/well were cultured in 96-well plates and
incubated for 24 hr. Then, different concentrations of cispl-
atin with or without sanguinarine were added to the wells.
After 48 hr, cells received fresh medium containing 500 ug/
ml MTT. Following 4-hr incubation, 200 pl dimethyl sulfox-
ide replaced the MTT containing medium to solve the purple
formazan crystals and incubated for further 30 min. Finally,
the absorbances of all wells were measured at 570 nm using
an ELISA plate reader (State Fax, USA). Cell viability and
half-maximal inhibitory concentration (ICs,) of each treat-
ment were also calculated. Moreover, to calculate the resist-
ance fold (RF), the ICs, of A2780/R cells in each treatment
was divided to ICs, of wild-type parental cells.

Cell viability assay

23 |

The coefficient of drug interaction (CDI) was determined
according to the Chou-Talalay method to investigate the
drug interaction between sanguinarine and cisplatin (Chou &
Talalay, 1984). CDI was calculated with the following for-
mula: CDI = AB/A x B, where AB is the viability of cells
treated with combination of sanguinarine and cisplatin, and A
and B are the viability of cells treated with sanguinarine and
cisplatin, respectively. According to this method, CDI = 1,
CDI > 1, and CDI < 1 indicates additive, antagonistic, and
synergistic effects, respectively.

Combination effect analysis

2.4 | Apoptosis analysis

To evaluate the apoptosis-inducing effects of sanguinarine,
flow cytometeric analysis of apoptosis was performed. 5 X 10°
of A2780/R cells were seeded into each well of six-well plates
and maintained in 37°C incubator for 24 hr. Afterward, cells
were exposed to medium containing sanguinarine (1 pM),
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cisplatin (11 pM), sanguinarine (1 pM) + cisplatin (11 pM),
and sanguinarine (1 pM) + cisplatin (11 pM) + NAC (1 mM).
Following 48 hr, cells were trypsinized, PBS washed, and re-
suspended in 100 pl annexin V binding buffer. Then, 5 pl of
annexin V/FITC and 5 pl of propidium iodide were added and
incubated at dark for 15 min. Finally, cells were centrifuged and
resuspended in 200 pl of annexin V binding buffer and flow
cytometeric analysis of apoptosis was measured using Partec
GmbH (Munster, Germany).

2.5 | DAPI staining

DAPI staining was performed for visualization of the
fragmented and condensed nuclei of the cells in different
treated groups. 4 X 10* of A2780/R cells were cultured onto
the glass coverslips placed in each well of 6-well plates and
incubated at 37°C for overnight. After 24 hr, cells received
fresh medium containing sanguinarine (1 uM), cisplatin
(11 uM), and sanguinarine (1 pM) + cisplatin (11 puM).
Control group received only fresh medium. After 48 hr,
cells were PBS washed following by fixation with 4 wt%
paraformaldehyde for 15 min. After another step of wash-
ing, the permeability of the cells was increased by addi-
tion of Triton X-100 (0.1% w/v) for 10 min. Afterward,
cells were washed again and stained with 0.3 pg/ml DAPI.
Following 15-min incubation at dark, the excess stain was
removed by washing and the nuclei of the cells were ob-
served with fluorescent microscope (Nikon Eclipse Ts2R,
Japan).

2.6 | Measurement of intracellular
GSH content

GSH assay kit (ZellBio, Germany) was used for quantifica-
tion of intracellular GSH content. In brief, 5 X 10° of cells
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were cultured into each well of 6-well plates and incubated
overnight at 37°C. Then, cells were treated with or with-
out sanguinarine in the presence or absence of NAC for the
indicated times. After each time, cells were harvested and
washed with PBS and centrifuged at 270 g for 5 min. Then,
100 ul cell lysis buffer was added to the cell pellet and incu-
bated on ice for 20 min followed by centrifugation at 20,200
g for 10 min. The supernatant of each sample was used for
GSH assay using the manufacturer's protocol.

2.7 | Statistical analysis

All data were presented as mean + SD of three independ-
ent experiments. GraphPad Prism software 6.01 was used for
data analysis and construction of graphs. One-way analysis
of variance (ANOVA) with Bonferroni's and Sidak's tests
was performed to explain the significance between groups.
p-Values lesser than .05 were considered as significant.

3 | RESULTS
3.1 | Characterization of A2780/S and
A2780/R cells

MTT assay was performed to determine the viability of
A2780/S and A2780/R cells following treatment with
various concentrations of cisplatin. As seen in Figure la,
A2780/S cells exhibited more toxicity to cisplatin compared
with A2780/R cells, indicating the resistance phenotype in
A2780/R cells. To further confirm the resistance phenotype,
basal intracellular GSH content was measured and compared
in A2780/R and A2780/S cells. Results showed that resistant
cells have significantly higher amounts of GSH in compari-
son with parental sensitive cells (Figure 1b). As previously
reported, cisplatin resistance in tumor cells is associated with
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FIGURE 1

Depicting resistance phenotype in A2780/R cells. (a) The viability of A2780/S and A2780/R cells after treatment with different

concentrations of cisplatin for 48 hr was assessed by MTT assay. Each point represents the mean + SD of three independent experiments. (b) Basal

GSH content was measured in both A2780/S and A2780/R cells using GSH assay kit. Each point represents the mean + SD of three independent

experiments. *Significance at p < .05
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intracellular GSH levels (Britten, Green, & Warenius, 1992;
Jamali et al., 2015; Nikounezhad et al., 2017).
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FIGURE 2 The cytotoxicity of sanguinarine and cisplatin in
A2780/S and A2780/R cells. (a) The cytotoxicity of sanguinarine

in A780/S and A2780/R cells for 48 hr was determined with MTT
assay. Each point represents the mean + SD of three independent
experiments. (b, ¢) A780/S and A2780/R cells were treated with

0.5, 1 uM sanguinarine, respectively, in combination with different
concentrations of cisplatin in the presence or absence of 1 mM NAC
(N-acetylcysteine) in both cells for 48 hr. Cell viability was determined
by MTT assay. Each point represents the mean + SD of three
independent experiments. *Significance at p < .05

3.2 | Effects of sanguinarine on viability of
ovarian cancer cells

A2780/S and A2780/R cells were exposed to various concen-
trations of sanguinarine (0.5-7.5 uM) for 48 hr, and the viabil-
ity of cells was determined with MTT assay. As seen in Figure
2a, the ICs, of sanguinarine in A2780/R and A2780/S cells was
2.36 and 3.05 uM, respectively. The toxic effects of sanguinar-
ine in A2780/S cells start from 1 uM and in A2780/R cells
start from 1.5 pM. Therefore, a safe concentration of 0.5 uM
for A2780/S cells and 1 uM for A2780/R cells was chosen
and combined with different concentrations of cisplatin in both
cells (Figure 2b, c). Shift to left in the cytotoxicity profile of
cisplatin in A2780/R cells following treatment with sanguinar-
ine indicates that sanguinarine could successfully enhance the
toxicity of cisplatin in these cells. Treatment with sanguinar-
ine significantly decreased the IC5, and RF values in A2780/R
cells, indicating that sanguinarine reversed cisplatin resist-
ance in resistant ovarian cancer cells (Table 1). Furthermore,
CDI analysis indicated that the combination of sanguinarine
and cisplatin was synergistic since the CDI values were lesser
than 1 among all concentrations (Figure 2¢). Addition of ImM
NAC to the combination of sanguinarine and cisplatin could
not reverse the cytotoxic effects. In A2780/S cells, sanguinar-
ine could also enhance the toxicity of cisplatin, although this
effect was lower in comparison to A2780/R cells.

3.3 | Effect of sanguinarine on apoptosis
induction in A2780/R cells by cisplatin

To determine the effect of sanguinarine treatment on cispl-
atin-induced apoptosis in A2780/R cells, flow cytometeric
analysis of apoptosis was performed after staining with
annexin V/PI. As seen in Figure 3, combination of sangui-
narine and cisplatin significantly enhanced the migration
of A2780/R cells to apoptotic regions in comparison with
each compound alone (Figure 3). When NAC was added to
this combination, no substantial change was observed in the
rate of apoptosis. DAPI staining was also performed further
to flow cytometery to observe the nuclei of the cells after
treatment with sanguinarine and cisplatin. The morphology
of chromatin and integrity of nucleus is a good indicator of
healthy and apoptotic cells. Fluorescence microscopy images
were shown in Figure 4. As observed, control group that only
received fresh medium did not show any change in nuclei as
they were homogenously stained. Furthermore, single treat-
ment with sanguinarine or cisplatin could only lead to chro-
matin condensation in comparison with control group, while
combination of sanguinarine and cisplatin led to apoptosis in
A2780/R cells as confirmed by chromatin condensation and
fragmentation. Moreover, the number of cells was decreased
in combination treatment group, indicating that this combina-
tion prevented the proliferation of cells.
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TABLE 1 Effect of treatment with sanguinarine on cisplatin
cytotoxicity in A2780/S and A2780/R cells

Sanguinarine
Cisplatin 1 pM + Cisplatin
Cell lines ICsy (pM) RF ICsy (pM) RF
A2780/S 2.14+0.51 - 1.43+0.21 N
A2780/R 19.7 + 1.53 9.2 10.93 + 1.22 5.1°

Note: The viability of cells was determined following treatment with different
concentrations of cisplatin in the presence or absence of 1 pM sanguinarine.
Each value represents the mean + SD of three independent experiments. RF
values were calculated by dividing the ICs of resistant cells in each treatment to
the ICs of sensitive cells.

“Significance at p < .05.

34 |

Effects of sanguinarine on intracellular GSH content of
A2780/R cells following treatment with different concentra-
tions of sanguinarine and different time intervals were de-
termined using a GSH assay kit. When sanguinarine 1 pM
was added to the medium of A2780/R cells, 27% of cellu-
lar GSH was decreased after 30 min (Figure 5a). After 1, 3,
and 6 hr, no significant change was observed in GSH levels
in comparison with 30 min, indicating that GSH depletion
following sanguinarine treatment was very fast and mostly
occurred in primary minutes. When cells were exposed to
different concentrations of sanguinarine, a dose-dependent
decline was observed in cellular GSH content (Figure 5b). At
all concentrations, addition of 1 mM NAC had no significant
change on GSH levels in comparison with cells receiving
only sanguinarine.

Intracellular GSH content

4 | DISCUSSION

Multidrug resistance is the main barrier against successful
cancer chemotherapy. Several mechanisms and pathways
are involved in MDR development, but the main mechanism
for resistance to cisplatin is enhanced drug inactivation by
cellular GSH (Kawahara et al., 2019; Meijer et al., 1990;
Nikounezhad et al., 2017; Perez, 1998). GSH, an important
intracellular antioxidant defense, conjugates to active elec-
trophilic cisplatin inside the cells and inactivates it before
reaching to DNA. Lida and coworkers in 2001 investigated
the effect of GSH depletion on cisplatin resistant in colonic
cancer cells. They targeted GSH synthesis by a hammer-
head ribozyme against the rate limiting y-glutamylcysteine
synthetase enzyme in GSH synthesis. They found that re-
duction in GSH levels sensitized colonic cancer cells to cis-
platin (Iida et al., 2001). In a very recent study performed by
Kawahara and colleagues, targeting an enzyme involved in
sulfur metabolism (cystathionine p-synthase), by exogenous
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carbon monoxide (CO) enhanced the sensitivity of ovarian
cancer cells to cisplatin through intracellular GSH reduc-
tion (Kawahara et al., 2019). Therefore, targeting intracel-
Iular GSH can be a promising approach to overcome cisplatin
resistance. Recently, plant-derived compounds have gained
especial interest among researchers for the treatment of dif-
ferent human diseases due to their natural origin and lower
toxicity.

Sanguinarine, a naturally occurring alkaloid, has shown
anticancer effects in several studies further to its anti-in-
flammatory and antibacterial effects. Sanguinarine exerts
its anticancer properties by targeting multiple pathways
and molecules inside the cells such as VEGF, Akt, p38,
p27, cyclin D1, XIAP, Bid, and Bcl-2 (Kalogris et al.,
2014; Kim et al., 2008; Xu et al., 2013). Sanguinarine was
also capable of reducing intracellular GSH content in var-
ious types of tumor cells (Debiton et al., 2003; Jang et al.,
2009; Ulrichova et al., 2001). As mentioned, GSH is the
major contributor in cisplatin resistance. Therefore, in the
present study we investigated the influence of sanguinarine
on resistance to cisplatin in cisplatin-resistant ovarian can-
cer (A2780/R) cells.

Our results showed that sanguinarine decreased the RF
and ICs, values of cisplatin in A2780/R cells. At concen-
trations ranging 0.5-1.5 puM, sanguinarine did not show
significant cytotoxicity in A2780/R cells. Therefore, the
concentration of 1 uM was chosen as a safe concentration
to minimize the toxic effects of sanguinarine itself and
combined with various concentrations of cisplatin. We ob-
served that treatment with sanguinarine 1 uM significantly
enhanced the cytotoxicity of cisplatin in A2780/R cells as
confirmed by reduced ICs, and RF values. The addition
of thiol-reducing agent, NAC, could not reverse the cyto-
toxic effects of combination treatment. In sensitive wild-
type ovarian cancer (A2780/S) cells, the concentration of
0.5 uM was chosen as a safe concentration based on the re-
sults of MTT assay. Sanguinarine could also decrease the
ICj of cisplatin in A2780/S cells, but this effect was much
lower in comparison with resistant cell types. Cisplatin is a
widely used anticancer drug for human malignancies, and
however, cisplatin-based chemotherapy is accompanied by
sever adverse effects on healthy organs and tissues such as
nephrotoxicity and cardiotoxicity which have a direct as-
sociation with drug concentrations (El-Awady, Moustafa,
Abo-Flmatty, & Radwan, 2011; Pabla & Dong, 2008).
Thus, reducing the effective concentration of cisplatin is a
favorable target in chemotherapy. To achieve this goal, one
strategy is to use cisplatin with safe compounds. As ob-
served in results, combination therapy with sanguinarine
significantly reduced the ICs of cisplatin in A278/R cells,
suggesting that sanguinarine can be considered as a potent
compound for improving adverse toxic effects of cisplatin,
with no change on its efficiency.
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FIGURE 3 Flow cytometeric analysis of apoptosis in A2780/R cells following 48-hr treatment with: (a) fresh medium (Control), (b)
sanguinarine (1 pM), (c) cisplatin (10 pM), (d) sanguinarine (1 pM) + cisplatin (10 pM), and (e) sanguinarine (1 pM) + cisplatin (10 pM) + NAC

(N-acetylcysteine; 1 mM)

To further analyze the effect of sanguinarine on cispla-
tin cytotoxicity, flow cytometeric analysis of apoptosis and
DAPI staining was performed to evaluate the apoptosis-in-
ducing effect of sanguinarine in combination with cisplatin in
A2780/R cells. Results of flow cytometery analysis indicated
that combining sanguinarine with cisplatin enhanced the

migration of cells to apoptotic regions more than each com-
pound alone. NAC could not decrease the apoptosis caused
by sanguinarine and cisplatin. Same results were observed in
DAPI staining in which the nuclei of the cells in combination
group showed more fragmented DNA compared with cells
receiving each compound alone and untreated control group.



SARKHOSH-INANLOU ET AL.

FIGURE 4 Fluorescence microscopy
images of A2780/R cells stained with DAPI
following 48-hr treatment with (a) fresh
medium (Control), (b) sanguinarine (1 pM),
(c) cisplatin (10 pM), (d) sanguinarine

(1 pM) + cisplatin (10 pM)

As mentioned above, cellular GSH is the main mechanism
for the development of cisplatin resistance. Cisplatin was
used to establish the cisplatin-resistant ovarian tumor cells
from parental A2780/S cells (Nikounezhad, Nakhjavani, &
Shirazi, 2016). The resistant phenotype was confirmed by
enhanced cisplatin IC5, and basal intracellular GSH content.
To examine whether sanguinarine affected GSH levels inside
the cells, intracellular GSH content was measured after treat-
ment with sanguinarine at different concentrations and differ-
ent time intervals. Results indicated that GSH reduction with
sanguinarine occurs 30 min after treatment, and after 1, 3, and
6 hr, no significant change was observed in comparison with
30 min, indicating that GSH depletion by sanguinarine is a
fast process. In addition, sanguinarine reduces GSH levels in
a dose-dependent manner as higher concentrations showed
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significantly lower GSH levels. Addition of NAC, as a thiol-
reducing agent, had no effect on GSH levels after treatment
with sanguinarine. The failure in reversing GSH depletion
by NAC indicates that GSH depletion occurs by mechanisms
other than routine biological mechanisms. Debiton and col-
leagues in an in vitro experiment showed that sanguinarine
directly reacts with GSH at pH 7.4 in a time- and concentra-
tion-dependent manner. They hypothesized that the reactive
quaternary cationic form of sanguinarine at physiological pH
is highly sensitive to nucleophilic attack by thiols in GSH
molecule (Debiton et al., 2003). This is also in accordance
with the findings of our study and justifies the early and rapid
GSH depletion in our results.

As discussed earlier, GSH nullifies the active form of
cisplatin which is pumped out of the cell before reaching
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Intracellular GSH content following treatment with sanguinarine. (a) A2780/R cells were treated with sanguinarine 1 pM and

intracellular GSH content was measured with GSH assay kit after 0.5, 1, 3, and 6 hr. Each point represents the mean + SD of three independent
experiments. *Significance at p < .05. (b) A2780/R cells were treated with sanguinarine (1, 2.5, and 5 pM) in the presence or absence of NAC
(N-acetylcysteine) for 3 hr, and intracellular GSH content was measured using GSH assay kit. Each point represents the mean + SD of three

independent experiments. *Significance at p < .05
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to its target molecule, DNA (Yu, Yang, Zhang, He, & Ren,
2015; Zhang et al., 2017). To further explore the molecular
mechanism of sanguinarine effects on cisplatin resistance in
ovarian cancer cells, it would be better to analyze the levels
of active platinum and rate of DNA damage after treatment
with sanguinarine (Wan et al., 2018), but due to limitations in
this study it has not been determined. Therefore, this issue is
suggested to be clarified in the future studies.

To conclude, our results indicated that treatment with
sanguinarine can increase the sensitivity of A2780/R cells
to cytotoxic effects of sanguinarine. The apoptosis-inducing
effects of cisplatin were also enhanced after combination
treatment with sanguinarine. Sanguinarine reversed cisplatin
resistance in A2780/R cells through intracellular GSH deple-
tion. However, more studies are needed to investigate the ef-
fects of sanguinarine on other mechanisms involved in MDR
such as expression of drug efflux transporters.
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