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Scoulerine promotes cytotoxicity and attenuates stemness 
in ovarian cancer by targeting PI3K/AKT/mTOR axis

ABSTRACT

In women, ovarian cancer is a common gynecological cancer associ-
ated with poor prognosis, reoccurrence and chemoresistance. 
Scoulerine, a benzylisoquinoline alkaloid, has been reported 
 effective against several carcinomas. Thus, we investigated the 
impact of scoulerine on ovarian cancer cells (OVCAR3). Cell viabi-
lity was assessed by MTT assay, migration was determined by 
Boyden Chamber assay, while the invasion was monitored by 
Boyden Chamber assay using the matrigel. The stemness proper-
ties of OVCAR3 cells were observed by tumorsphere assay. Epi-
thelial to mesenchymal transition (EMT) and stemness-related 
protein markers were monitored by real-time PCR analysis and 
immunoblotting. Scoulerine inhibits the viability of OVCAR3 
cells with the IC50 observed at 10 µmol L–1 after 48 h treatment. 
Scoulerine inhibited the colony-forming ability, migration and 
invasiveness of OVCAR3 cells in a dose-dependent fashion. 
Scoulerine treatment also drastically reduced the spheroid-form-
ing ability of OVCAR3 cells. The mesenchymal and stemness- 
-related markers like N-cadherin, vimentin, CD-44, Oct-4, Sox-2 
and Aldh1A1 were downregulated, whereas the epithelial markers 
like E-cadherin and CD-24 were upregulated in scoulerine-treated 
cells. The upstream PI3K/Akt/mTOR-axis was downregulated in 
scoulerine-treated cells. We concluded that scoulerine successfully 
perturbs the cancerous properties of OVCAR3 cells by targeting 
the PI3K/Akt/mTOR axis. In vivo studies revealed a substantial 
decrease in tumor mass and volume after scoulerine treatment. 
Furthermore, scoulerine treatment was found to decrease oxidative 
stress factors in ovarian cancer mice model. Scoulerine is a potential 
anticancer agent against ovarian cancer and can be considered as 
a lead molecule for this malignancy, provided further investiga-
tions are performed.

Keywords: scoulerine, ovarian cancer, epithelial to mesenchymal 
transition, stemness, PI3K/Akt/mTOR axis

Ovarian cancer is a common gynecological cancer associated with a poor prognosis (1). 
Nearly 200,000 women are diagnosed with ovarian cancer yearly worldwide. Among them, 
the chance of survival on a five-year scale is around 45 % (2). Epithelial ovarian cancer, one of 
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its common subtypes, poses a major threat to patients due to high recurrence after the first 
line of treatment (3). Recurrence of ovarian cancer has been noted to be about 70 % (4). The 
cancer stage at diagnosis is one of the most important elements in evaluating a patient’s like-
lihood of recurrence. The recurrence rate in stages 1, 2, 3 and 4 is 10, 30, 70 to 90 and 90 to 95 %, 
respectively, in ovarian cancer (4). Epithelial cells adhere to a higher degree on the basal 
membrane surface by intercellular adhesion complexes that are different from the mesenchy-
mal ones, which are highly non-polar and possess higher cell-to-cell mobility (5). These two 
cell types are involved in the phenomenon known as epithelial-mesenchymal transition 
(EMT) by regulating several marker proteins (6, 7). EMT is also considered a promoter of 
metastasis (8). Transformations caused due to EMT result in cells acquiring mobility, a mes-
enchymal feature. Developing mesenchymal features eventually promotes the subpopula-
tion of cancer stem cells (CSCs). The role of CSCs has been documented by many studies to 
be critical in the process of recurrence of ovarian cancer and also encourages chemoresistance 
development (9, 10). PI3K/AKT/mTOR signalling hyperactivation has been reportedly linked 
to cancer metastasis via CSCs and possible chemoresistance (11–13). Earlier reports have sug-
gested regulation of this signalling cascade can be beneficial for controlling chemoresistance 
(14, 15). Though the standard option for treating ovarian cancer patients involves platinum-
agent-based chemotherapy, there are a few more options like treatment with taxanes, hor-
monal therapy, etc. (16–18). However, the side effects of such therapies are inevitable (19, 20). 
Therefore, the search for novel anti-ovarian cancer agents is needed.

Scoulerine (SU) is an intermediate isoquinoline alkaloid plant metabolite found in 
Croton flavens, Corydalis dubia and Corydalis cava and is known to show antimitotic effects 
against cancer cells (21). Scoulerine has been reported to posses’ anticancer properties (22, 
23). Nevertheless, the anticancer properties of scoulerine against ovarian cancer and the 
associated molecular mechanisms have not been thoroughly investigated. The oncogenic 
potential of any cancer depends on EMT ability and its stem cell-like properties (24, 25). 
Cancer stem cells (CSCs) are characterized by CD-44/CD-24 surface markers, which gain 
their stem-like characteristics through EMT (26). Blocking the EMT in cancer cells also 
results in subsequent downregulation of stemness within cancer cells, reducing its meta-
static potential (27). In the present study, we have aimed to investigate the effect of a natu-
ral compound, scoulerine, a benzylisoquinoline alkaloid (Fig. 1a), on ovarian cancer cells 
(OVCAR3). Several reports have shown that scoulerine exhibits a broad spectrum of pharma-
cological activities, including antibacterial, antiemetic, anti-inflammatory and antitussive 
properties (28, 29). Reports have also suggested that scoulerine affects the activity of DNA 
topoisomerase I (30) and hence may be able to regulate gene expression. On the other hand, 
scoulerine is also known to show antiapoptotic and antiproliferative activities against 
 cancer cells (22, 23). However, the antiproliferative role of scoulerine on ovarian cancer cells 
remains elusive. The present study aims to evaluate the possible effects of SU on the oncogenic 
properties, EMT and stemness of ovarian cancer cells and the upstream signalling cascade 
that may be involved.

EXPERIMENTAL

Materials

Scoulerine was procured from Herbest Bio-Tech, China (CAS 6451-73-6) (purity > 98 %). 
Human ovarian epithelial adenocarcinoma cells (OVCAR3; ATCC®HTB161™) and HEK293; 
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ATCC®CRL-1573™) were obtained from the ATCC, USA. Antibodies, anti-GAPDH, anti-
N-Cadherin, anti-E-Cadherin, anti-Vimentin, anti-CD44, anti-Oct-4, anti-Sox2, anti-Ald-
h1A1, anti-Akt and anti-p-Akt were obtained from Cell Signaling Technology (USA). While 
other antibodies, anti-CD24, anti-PI3K, anti-mTOR and anti-p-mTOR were purchased from 
Santa Cruz Biotechnology (USA). Clarity Western ECL substrate luminol assay kit was 
obtained from (BioRad Laboratories, Inc. Tumorsphere medium was obtained from Stem 
Cell Technologies. All chemicals are purchased from Sigma or stated accordingly.

Cell culture

Human ovarian epithelial adenocarcinoma cells (OVCAR3 and HEK293) were grown 
in DMEM supplemented with 10 % FBS and antibiotic (100 U mL–1) in a CO2 incubator.

Cell viability assay

The OVCAR3 and HEK293 (1 × 104 cells mL–1) cells were grown in a 96-well plate and 
subjected to scoulerine treatment for various time points (24 and 48 h). Cell viability was 
measured using the MTT assay. At the end of SU treatment, MTT stock solution of 5 mg 
mL–1 concentration and volume 100 µL was supplemented to cells with 2 h of incubation 
at 37 °C. The formazan crystals then produced were dissolved using DMSO and after that, 
absorbance was measured at 570 nm using SpectraMaxTM 340 microplate reader (Molecu-
lar Devices, USA) (31).

Colony formation assay

The OVCAR3 (1 × 104 cells mL–1) cells were treated with and incubated with or without 
SU (5 and 10 µmol L–1) for 48 hours. After treatment, only the viable cells were transferred 
to 24 well plates at approximately 200 cells mL–1 density and allowed to grow in normal 
culture conditions without SU for two weeks. After that, the colonies formed were stained 
with crystal violet and photographed using ECLIPSE Ti2 inverted microscope (NIKON). 
Colonies formed were quantified by dissolving the stained cells in methanol and the 
 absorbance at 540 nm was measured using a SpectraMaxTM 340 microplate reader ( Molecular 
Devices) (32).

Trans-well migration and invasion assay

Boyden’s chamber system was used to evaluate the migration of the ovarian OVCAR3 
cells. Briefly, SU-treated and control OVCAR3 cells (10,000 cells) were added to the cell 
culture insert (Thermo, USA). On the other hand, to evaluate the invasiveness of OVCAR3 
cells, a matrigel basement was used along with Boyden’s chamber. The OVCAR3 (1 × 104 
cells mL–1) cells were treated with or without SU (5 and 10 µmol L–1) for 48 h. After treat-
ment, only the viable cells were added to the cell culture insert (Thermo, USA) containing 
media or 100 µL Matrigel solutions (Corning, USA). The inserts were placed in 2 mL of 
serum-free culture media (SFCM) (negative control) and DMEM containing 10 % FBS as a 
chemo-attractant. The media was aspirated from the inserts after 24 hours and the mem-
brane was washed three times in phosphate-buffered saline (PBS). The OVCAR3 cells were 
then subjected to crystal violet staining for 10 min. The cells were then rinsed in PBS to 
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remove any remaining stains. 24 hours after SU treatment, migration of cells was mea-
sured using ECLIPSE Ti2 inverted microscope (NIKON) at 100 × magnification. Image J 
software version 1.50 was used to quantify the wound region. After that, the remaining 
crystal violet stains in the plate were dissolved in 10 % acetic acid and the absorbance at 
600 nm was measured using a SpectraMaxTM 340 microplate reader (33).

Tumorsphere assay

The OVCAR3 (1 × 104 cells mL–1) cells were treated with SU (5 and 10 µmol L–1) for 48 h. 
After treatment, only the viable cells (1000 cells mL–1) in single-cell suspension were grown 
in a tumorsphere medium containing heparin (4 µg mL–1) and hydrocortisone (0.48 µg mL–1) 
on ultralow attachment plates. Cultures were grown for 10 days to form the primary 
 tumorspheres. The tumor spheres were counted and photographed using ECLIPSE Ti2 
inverted microscope (NIKON). After capturing the images, the spheroids were again 
 subjected to the single-cell suspension, reseeded in the complete tumorsphere medium 
and cultured for another 10 days to form the secondary spheroids. Image J software version 
1.50 was used to measure the size of the spheres (34).

Quantitative RT-PCR study

Quantitative real-time PCR (qRT-PCR) was performed to analyze the expression of 
EMT (N-cadherin, E-cadherin, vimentin, CD-44 and CD-24) and CSC (Oct-4, Sox-2 and 
ALDH1A1) markers. Briefly, the TRIzolTM Reagent (Thermo Fisher Scientific) was used to 
extract the total RNA from tissues and cells according to the procedure described by the 
manufacturer. Isolated RNA was reverse-transcribed with the help of RevertAid’s first-
strand cDNA synthesis kit (Thermo Fisher Scientific). The RT-PCR was performed using 
SYBR Green PCR master mix (Takara, Japan) on Quant Studio 3.0 PCR system (Applied 
Biosystems). Experiments were conducted in triplicates. The relative expression levels 
were determined using the 2-ΔΔCT method with the human GAPDH gene as endogenous 
control. The primers used are mentioned in Table I.

Table I. Primer sets used for qRT-PCR analysis in this study

Set Gene name Forward primer (5′-3′) Reverse primer (5′-3′)

1 N-cadherin GCGTCTGTAGAGGCTTCTGG GCCACTTGCCACTTTTCCTG

2 E-cadherin GGTTTTCTACAGCATCACCG GCTTCCCCATTTGATGACAC

3 Vimentin TGTCCAAATCGATGTGGATGTTTC TTGTACCATTCTTCTGCCTCCTG

4 CD-44 AGCAGCGGCTCCTCCAGTGA CCCACTGGGGTGGAATGTGTCT

5 CD-24 GACTCAGGCCAAGAAACGTC CCTGTTTTTCCTTGCCACAT

6 Oct-4 GTTGATCCTCGGACCTGGCTA GGTTGCCTCTCACTCGGTTCT

7 Sox-2 CACATGAAGGAGCACCCGGATTAT GTTCATGTGCGCGTAACTGTCCAT

8 ALDH1A1 TGTTAGCTGATGCCGACTTG TTCTTAGCCCGCTCAACACT

9 GAPDH GAGAAGGCTGGGGCTCATTT AGTGATGGCATGGACTGTGG
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Western blot analysis

The OVCAR3 (1 × 104 cells mL–1) cells were treated with SU (5 and 10 µmol L–1) for 48 h 
and cellular proteins were extracted using Lysis buffer (Thermo, USA) after SU treatment. 
The concentration of protein was measured using the Bradford assay (35). The expression of 
the target protein was monitored using Western blot analysis. Primary and secondary anti-
bodies were used at dilutions recommended by the manufacturer. Bands were visualized 
using the Clarity Western ECL substrate luminol assay kit and chemiluminescence was 
monitored using Chemidoc™ Gel Imaging System (Bio-Rad Laboratories, Inc.).

Experimental animals and in vivo study

Thirty BALB/c nude mice (6-week-old) were provided by the Vital River Laboratories, 
Animal Technology Co., Ltd. (China). All mice obtained were housed individually at 24 ± 
1 °C temperature, under 60 % humidity and exposed to 12 h light/dark cycles. Free access 
was given to laboratory chow and water to all the mice ad libitum. The protocols on mice 
were conducted in accordance with the guidelines issued by the National Institutes of 
Health China. The animals were housed in sterilized cages (n = 3 per cage) and monitored 
under a standard laboratory environment (12 h:12 h day/night cycle, 22–23 °C, humidity 
55–60 %). The mice were accustomed to the animal house conditions for five days before 
the start of the study. Approval for the present study was obtained from the Animal Care 
and Use Committee of the Xuzhou Medical University, China. SK-OV-3 Ovarian cells (1 × 
106 cells/200 µL) were subcutaneously inoculated into the flanks of female BALB/c nude 
mice to generate xenografts. Mice were assigned randomly to three groups of 10 each, 
sham, ovarian cancer model (model) and SU treatment (at 1, 2.5, 5 and 10 mg kg–1 dose) 
groups. The drug was treated when the tumor volume came to 0.52 µm3. Mice were 
sacrificed at the end of the treatment. The size of the tumor was measured using a digital 
caliper and the tumor volume was determined with the following formula: length (mm) × 
width (mm) × height (mm) × 0.52.

Determination of oxidative factors

Blood samples were collected from the mice on day 16th day, and centrifuged at 4 °C 
for 15 min at 3,000 g to isolate the serum. The serum samples were stored at –80 °C for the 
determination of various factors by ELISA assay. The commercially available kits (Nanjing 
Jiancheng Biology Engineering Institute, China) were used to determine MDA (cat. no. 
A003-1), SOD (cat. no. A001-1), GSH (cat. no. A006-2) and GSH-PX (cat. no. A005) activities. 
Spectrophotometry was used for the measurement of absorbance at 450 nm wavelength 
using Microplate Reader (BioTek Instruments, Inc., USA).

Statistical analysis

The mean ± standard deviation (SD) was used to express all data. Statistically signifi-
cant differences between groups were established using the student’s t-test for two-sample 
comparisons and the one-way ANOVA followed by Tukey’s post hoc test for more than 
two-sample comparisons. Statistical analysis of various experimental data was done by 
using the GraphPad Prism 7 software (GraphPad Software, USA). p < 0.05 was considered 
statistically significant.
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RESULTS AND DISCUSSION

Scoulerine inhibits the viability of OVCAR3 cells

The effect of SU on the proliferation of normal human embryonic HEK293 and human 
ovarian epithelial adenocarcinoma cells, OVCAR3, was studied by culturing the cells and 

Fig. 2. a) Colony forming assay after treatment with 5 and 10 µmol L–1 of scoulerine; b) graphical 
representation of inhibition of the colony formation ability of OVCAR3 by scoulerine. Colony quan-
tification by spectrophotometric analysis is represented here. Experiments were accomplished in 
triplicates and data are shown as mean ± SD. * p < 0.05 as compared to untreated cells.

Fig. 1. a) Chemical structure of scoulerine; MTT assay for measuring cell viability of b) OVCAR3 and 
c) HEK-293 cells. Cells treated with cisplatin (5 µmol L–1) were used as a positive control. All experi-
ments were accomplished in triplicates and data are shown as mean ± SD.
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treating them for 24 and 48 hours with various concentrations of SU (0–50 µmol L–1) (Fig. 
1a). The findings of the MTT assay revealed that SU substantially reduced OVCAR3 pro-
liferation in a dose-dependent manner (Fig. 1b). After 24-hour incubation, the IC50 value 
was obtained at 40 µmol L–1, whereas the IC50 value obtained after 48-hour incubation was 
10 µmol L–1. In addition, the IC50 concentration of SU did not affect the viability of HEK293 
cells after 48-hour incubation (Fig. 1c).

According to our findings, scoulerine treatment considerably reduces cell viability in 
ovarian cancer cells (OVCAR3). However, scoulerine treatment shows little or no inhibi-
tory impact on the HEK293 cell line. We may conclude that scoulerine specifically acts on 
ovarian cancer cells. Earlier studies reported that cancer cells like Caco-2 and HepG2 could 
be effectively inhibited from proliferating by scoulerine (22). Another recent study demon-
strated that the tumour cell lines B16-F10, HepG2, K562 and HL-60 were sensitive to scoule-
rine extracted from the stems of Xylopia laevigata (36).

Scoulerine reduced the clonogenic property of OVCAR3 cells

The formation of viable colonies is one of the hallmark properties of cancer cells. We 
observed that SU decreased the colony-forming ability of OVCAR3 cells in a dose-dependent 
fashion (Fig. 2a). At 5 µmol L–1 SU, the viable colonies were reduced to 60.3 ± 5.6 %, whereas, 
at a higher concentration of 10 µmol L–1, the ability of colony formation by OVCAR3 cells was 
reduced further to approximately 78.3 ± 2.2 %, compared to control cells (Fig. 2b).

Scoulerine suppressed the migration and invasiveness of OVCAR3 cells

An assay involving Boyden’s chamber was utilized to measure SU’s impact on cell 
migration and invasiveness. Compared to untreated control, 5 µmol L–1 SU substantially 
reduced OVCAR3 cell migration (Fig. 3a). The results indicated that when treated with 

Fig. 3. a) Effect of scoulerine treatment on cell migration of OVCAR3 cells. Scale bar is 10 µm; b) 
graphical representation of spectrophotometric data in a quantitative manner; c) effect of scoulerine 
treatment on the invasiveness of OVCAR3 cells. Scale bar is 10 µm; d) graphical representation of 
spectrophotometric data in a quantitative manner. Experiments were performed in triplicates and 
data are shown as mean ± SD. * p < 0.05 as compared to untreated cells.
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5 µmol L–1 SU, OVCAR3 cells lost their motility by 56.2 ± 6.7 % and their invasiveness by 
67.2 ± 7.1 % compared to untreated cells. At a higher concentration of 10 µmol L–1 SU, the 
moti lity and invasiveness of OVCAR3 cells decreased further to 82.6 ± 4.5 % and 92.8 ± 3.1 %, 
respectively. Thus it may be concluded that SU significantly inhibited ovarian cancer cells’ 
migration potential by 56.2 ± 6.7 % (p < 0.05) (Fig. 3b) and invasiveness by 67.2 ± 7.1 % (p < 0.05) 
compared to untreated cells (Fig. 3c,d).

Scoulerine reduced the sphere-forming ability of OVCAR3 cells

The sphere-forming assay was performed to identify the cancer stem cell (CSC) popu-
lation of OVCAR3 cells. It was observed that the treatment of OVCAR3 cells with SU (5 and 
10 µmol L–1) significantly reduced both the size and numbers of primary and secondary 
spheres formed compared to the untreated cells (Fig. 4a). At 5 µmol L–1 SU, primary spheres 
decreased by 69.6 ± 5.3 % and secondary spheres by 91.5 ± 2.7 % (Fig. 4b). On the other hand, 
at a higher dose (10 µmol L–1 SU), the number of primary spheres decreased by 58.4 ± 6.1 % 
and secondary spheres by 93.5 ± 3.1 % (Fig. 4b). Thus, SU had a clear role in decreasing the 
cancer stem cell (CSC) like properties of ovarian cancer cells.

Downregulation of EMT and stem markers in scoulerine-treated OVCAR3 cells

Alteration of metastasis in cancer cells can be determined by changes in EMT markers. 
Changes to cell-to-cell adhesion receptors can be decreased by downregulating N-cadherin 
and vimentin and increasing the expression of E-cadherin (37). Compared to untreated 

Fig. 4. a) Phase contrast microscopic image of primary and secondary spheroid formation. Scale bar 
is 10 µm; b) graphical representation of primary and secondary spheroids formation ability in a 
quantitative manner. Experiments were performed in triplicates and data are shown as mean ± SD. 
* p < 0.05 as compared to untreated cells.
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cells, SU-treated ovarian cancer cells showed dose-dependent upregulation of E-cadherin 
and downregulation of N-cadherin and vimentin (Fig. 5a–c). CD-44 downregulation is 
related to attenuating the malignant phenotype of various cancer cells (38). SU-treated 
OVCAR3 cells showed downregulation of CD-44 and upregulation of CD-24, indicating 
that SU blocks EMT of OVCAR3 cells and reduces its metastatic potential. Similarly, SU 
significantly reduced the stemness markers like Oct-4, Sox-2 and Aldh1A1 in OVCAR3 
cells (Fig. 5d–f).

Scoulerine treatment was reported to reduce clonogenic ability, migration potential, 
invasiveness and tumor spheroid-forming ability of ovarian cancer cells. As these proper-
ties relate to the reduction of metastatic potential of cancer cells, we investigated the EMT 
and stemness markers of scoulerine-treated OVCAR3 cells. To our expectations, we found 
a dose-dependent overexpression of E-cadherin, while the expression of N-cadherin and 
vimentin were downregulated. Furthermore, CD-44 was found to be downregulated and 
CD-24 to be upregulated. These expression levels suggest that scoulerine helps block the 
EMT of OVCAR3 cells, therefore helping reduce metastasis. Stem cell-like properties of 
OVCAR3 cells were decreased as the expression of stemness markers, Oct-4, Sox-2 and 
Aldh1A1, got downregulated on treatment with scoulerine.

Fig. 5. a) mRNA and b) Western blot analyses for expression of E-cadherin, N-cadherin, Vimentin, 
CD-44 and CD-24; c) densitometric quantification of Western blot using ImageJ (NIH software); d) 
mRNA and e) Western blots analyses for expression of Oct-4, Sox-2 and AldhA1; f) densitometric 
quantification of Western blot using ImageJ (NIH software). Experiments were performed in tripli-
cates and data are shown as mean ± SD. * p < 0.05 as compared to untreated cells.
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Downregulation of PI3K/Akt/mTOR signaling pathway in scoulerine-treated OVCAR3 
cells

Alteration in CD-44 expression is mainly related to altered expression of the PI3K/
AKT signalling cascade. Hence we investigated whether SU affected the PI3K/AKT/mTOR 
pathway in OVCAR3 cells by measuring the levels of p-AKT, p-mTOR and PI3K (P85) in 
OVCAR3 cells. SU significantly reduced the PI3K (P85), p-AKT and p-mTOR levels while 
keeping AKT and mTOR protein expressions unchanged (Fig. 6a,b). Thus the results indi-
cate that SU may target the upstream PI3K/AKT signalling cascade in OVCAR3 cells.

Alterations in EMT and stemness can be related to upstream PI3K/AKT/mTOR path-
way downregulation (39). The same was found in the case of scoulerine-treated OVCAR3 
cells. A dose-dependent downregulation of p-AKT, p-mTOR and PI3K was observed, 
whereas the AKT and mTOR levels were unchanged. This indicates that scoulerine acts as 
a regulator of the PI3K/AKT/mTOR pathway, which blocks the EMT and stem cell-like 
properties of ovarian cancer cells. Therefore, these findings indicate that scoulerine  decreased 
cell viability and metastatic potential of the OVCAR3 cells by acting on PI3K/AKT/mTOR 
axis.

In vivo inhibition of tumor mass and volume in scoulerine-treated ovarian cancer mice 
model

In vivo studies on xenografted models of mice were performed to unveil in vivo anti-
cancer potential of scoulerine. The results indicated potential suppression of ovarian can-
cer in a dose-dependent manner. The tumor mass in controls was nearly 2.1 g. After the 
application of scoulerine, the tumor mass decreased from 2.1 to about 0.7 g at 10 mg kg–1 of 
scoulerine (Fig. 7a), signifying substantial dose-dependent mass loss of tumor mass after 
drug treatment. Next, investigations were performed on tumor volume and the results an 
implied decrease in tumor volume after treatment with scoulerine. The control tumor 

Fig. 6. a) Western blot analysis for expression of PI3k (p85), AKT, pAKT, mTOR, p-mTOR and GAPDH 
proteins; b) densitometric quantification of Western blot using ImageJ (NIH software). Experiments 
were performed in triplicates and data are shown as mean ± SD. * p < 0.05 as compared to untreated 
cells.
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volume was about 1800 mm3, which was reduced to about 1100 mm3 at 5 mg kg–1 of drug 
dose. On further increasing the maslinic acid dose (10 mg kg–1), the tumor volume short-
ened to almost 600 mm3 (Fig. 7b).

Scoulerine decreased oxidative stress in ovarian cancer mice model
In the ovarian cancer mice model the activities of SOD, CAT and GSH were lower in 

serum compared to treated mice groups. The MDA level in ovarian cancer mice model 

Fig. 7. a) In vivo effect of scoulerine on ovarian tumor mass in xenografted models of mice at repre-
sented doses; b) in vivo effect of scoulerine on ovarian tumor volume in xenografted models of mice 
at represented doses. Data from three distinct experiments are stated as mean ± standard deviation 
(* p < 0.05).

Fig. 8. Effect of scoulerine on oxidative stress factors in ovarian cancer mice model. The effect of 1, 2.5, 
5 and 10 mg kg–1 scoulerine in a mice model on: a) SOD; b) CAT and c) GSH activities; d) the level of 
MDA was also determined.
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serum was higher compared to treated mice groups. Scoulerine treatment alleviated SOD, 
CAT and GSH activities significantly in the mice model at doses of 1, 2.5, 5 and 10 mg kg–1 
(Fig. 8a–d). Moreover, the MDA level was decreased after treatment with scoulerine at 
doses of 1, 2.5, 5 and 10 mg kg–1 in a dose-based manner.

CONCLUSIONS

In summary, our results showed that scoulerine treatment induces cytotoxicity, inhib-
its colony-forming ability, migration and invasiveness, and attenuates stemness in ovarian 
cancer cells by targeting PI3K/AKT/mTOR axis. Scoulerine treatment inhibited tumor 
growth and volume in the ovarian cancer mice model by targeting oxidative response. 
Further, detailed knockdown approaches would shed more light on the molecular mecha-
nism of scoulerine in ovarian cancer.

Abbreviations. – CSCs – cancer stem cells, DMEM – Dulbecco’s Modified Eagle Medium, ECL – 
enhanced chemiluminescence, EMT – epithelial-mesenchymal transition, PBS – phosphate-buffered 
saline, SU – scoulerine.
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