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Berberine, a well-known isoquinoline alkaloid derivative, has a varied range of pharmacological effects.
Herein, we notice the radio-modulatory outcome of berberine in cultured ovarian cancer (SKOV-3) cells
exposed to c-rays as radiotherapy (RT). Cells pre-treated with berberine were irradiated by c-irradiation
and the liberation of reactive oxygen species (ROS) was analyzed by flow cytometry. Apoptotic cell death
along with the DNA damage associated with protein expressions was projected by flow cytometry and
confocal microscopy. Experimental findings established that berberine might be a capable radiosensitizer
for treating SKOV-3, because of oxidative DNA damage. Moreover, the in-silico study of the compound,
berberine suggests free energy of binding (DG) �7.5 kcal/mol with SKOV-3 and �8.8 kcal/mol of PALB/
BRCA2, which proves an effective and compact binding of the complex and is safe for future clinical trials.
Thus, our approach is probably to widen the field of study of SKOV-3 and PALB/BRCA2 from the inhibition
of these targets as a prospective nutraceutical for the anti-cancer theragnostic candidate.
Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction nosis and symptoms, ovarian cancer appeared at an advanced stage
In the present scenario, ovarian cancer is an evolving cause of
mortality among gynecological tumors (Ajjarapu et al., 2021;
Chan et al., 2018; Teekaraman et al., 2019). It arises not only from
the ovarian surface epithelial but also from the endometrium wall
of fallopian tubes and metastasizes through the lymphatic routes
(Kurman & Shih, 2010; Lim et al., 2016; Vafadar et al., 2020;
Vetter & Hays, 2018). In Saudi Arabia, according to the National
Cancer Registry, ovarian cancer is the seventh most common can-
cer representing 3.3 % of the total cancers affecting women. Ovar-
ian cancer holds the 10th most lethal cancer among several other
cancers as per the latest data from the International Agency for
Research on Cancer. In 2020, Saudi Arabia reported a total of 444
new ovarian cancer cases constituting 1.6 % of the new cancer
cases and 281 deaths (Aga et al., 2022). Since, a lack of early diag-
leads to extensive invasion and becoming a poor prognosis toward
patient compliance (Teckie et al., 2013; J. Yan et al., 2011). Because
of the intricate heterogeneity related with ovarian cancer, numer-
ous treatment regimes (chemotherapy, radiotherapy, and
immunotherapy) are available to control tumor growth in the
localized areas (Bi et al., 2018; Goel & Aggarwal, 2010; Gong
et al., 2021; Liskova et al., 2021). Among them, majority of ovarian
cancer requires high intensity of ionizing radiations to destroy
infected tissue (Medhat et al., 2017). Nevertheless, it has certain
drawbacks, assaulting normal tissues, lower radiation supply to
the infected cells, and develop resistance to the radiation (Jagetia
& Venkatesha, 2005; Medhat et al., 2017). Thus, there is an imper-
ative need to find the new window by limiting the doses of (RT)
with a suitable radiosensitizers, which is capable of targeting ovar-
ian cancer, leaving behind healthy cells unaffected or at minimal
side effect (Medhat et al., 2017). During this course of radiology,
high-energy gamma or X-rays are primarily employed to ionize
cellular constituents. Radiosensitizers sensitize water molecules
(a major cellular component) for radiolysis resulting in the dis-
charge of free radicals species, and charged water molecules
(Hogle, 2006; Mallick & Waldron, 2009). These radicals together
with the ionizing radiations targeting DNA and other cellular
membrane causes structural injuries resulting in the initiation of
apoptosis followed by lipid peroxidation (Halliwell & Aruoma,
1991).
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From these viewpoints, it is significant to mention that redox
balance is necessary to sustain the physiological activity for fitness
and the immune system (Tang et al., 2018). Redox activities like
phosphorylation and other kinds of cellular processes facilitated
by kinases/phosphatases are playing a critical role in cell regulat-
ing systems (Sarkar et al., 2022). Of particular importance, RAC
(Rho family)-alpha serine/threonine-protein kinase (AKT) is much
expressed in ovarian cancers and it is capable of phosphorylating
various downstream effectors, such as apoptotic proteins, tran-
scription factors, and other oncogenes, including mammalian tar-
get of rapamycin (mTOR) (Ponte et al., 2021; Y.-H. Wu et al.,
2020). Most of the anticancer candidates derived from natural
products were found to decrease AKT activation as the main
molecular mode of action (Gasparri et al., 2017; H. Wu et al.,
2019). Based on the abundant anti-oxidant effects, natural prod-
ucts inhibited cancer progression by decreasing AKT/mTOR path-
way, and suppressed AKT-mediated activation of mTOR and its
effectors in a series of cancer cell line is found to be potential
(Ponte et al., 2021). Berberine (2,3-methylenedioxy-9, 10-dimen
thoxyprotoberberinechloride, BBR) (Fig. 1)- a water soluble alka-
loid derived from Berberis species (Li et al., 2020). It may be
extracted from many other sources viz., European barberry, gold-
enseal, goldthread, Oregon grape, phellodendron etc (Maria et al.,
2018). It exhibited antibacterial, antifungal and shows anticancer
activity against various cancers (Chen et al., 2015). It can inhibit
tumor metastasis, and enhance radiosensitivity via the regulation
of multiple pathways in ovarian cancer cells (Hou et al., 2017;
Wang et al., 2017). Liu Z. et al. have observed the effect of berberine
on multiple cancer cell lines at lower concentrations (15 lM) upon
exposure of a certain frequency (2–6 Gy) X-ray irradiation. The
results shown that the proliferation of cancer cells was inhibited
without affecting non-malignant cells (Liu et al., 2009).

Herein, we are presenting radiosensitizer effect of berberine
against ovarian cancer cell line (SKOV-3), displaying promising
effects in combination with radiotherapy. Therefore, the investiga-
tion could be beneficial for the finding of a potential radiosensitizer
for ovarian cancer patients. Our outcomes may allow implications
in planning cancer therapy approaches of drug with
radiosensitizers.
2. Materials and methods

2.1. Cell line and chemicals

The human ovarian cancer (SKOV-3) and Hyman epithelial kid-
ney (HEK 293) cell line was obtained from the ATCC (Manassas, VA,
Fig. 1. Molecular structure of Berberine.
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USA). Dulbecco’s Modified Eagle’s Medium (DMEM), 100 lg/ml
penicillin streptomycin with 10 % fetal bovine serum (FBS), was
used for SKOV-3 culture in 5 % CO2 at 37 �C. The cell culture media
constituents viz.; FBS, DMEM, PSN antibiotic cocktail, EDTA, and
trypsin were acquired from Gibco (Grand Island, NY, USA). Bio-
chemical assay kits were purchased from Calbiochem (Mas-
sachusetts, USA). Antibodies were bought from eBioscience (San
Diego, USA), Santa Cruz Biotechnology (Texas USA) and Abcam
(U.K.).
2.2. MTT assay

A cell viability assay was performed using earlier described
methods (Nandi et al., 2017), where viable cells metabolized by
mitochondrial succinic dehydrogenase activity of proliferating
cells to yield a purple formazan product. Dimethyl sulfoxide
(DMSO) is used to solubilise the purple colour. The absorbance of
developed formazan was taken spectrometricaly identified at
570 nm. Here, MTT assay used to quantify the cell viability post
irradiation along with the berberine treatment.

The SKOV-3 cells were trypsinised and centrifuged. Population
of 1.5 � 104 cells were calculated by haemocytometer before
reseeding in 96 well plates. Staining and analysis were accom-
plished after 24 h of post-irradiation to permit enough time for
apoptosis behind irradiation to examine the metabolic activity.
2 � 96 well plates were castoff for each liberation of cell lines. In
each plate, five wells were seeded for each radiation dose (0, 1, 2,
3, 4 and 5 Gy), as well as five wells were taken for each concentra-
tion of berberine (0, 5, 10, 15, 20, 25 and 30 lM). Furthermore, five
wells were seeded for each set of berberine and irradiation combi-
nation (berberine- 0 lM + irradiation- 0 Gy, berberine- 0 lM + irra
diation- 2 Gy, berberine- 5 lM + irradiation- 2 Gy and berberine-
10 lM + irradiation- 2 Gy); berberine- 0 lM + irradiation- 0 Gy
has been taken as control. The cell medium was removed from
the wells after 24 h of incubation. 100 ll of tetrazolium salt
(0.2 mg/ml) was augmented to each well and incubated at 37 �C
for 2 h under humidified atmosphere. The supernatant was dis-
carded from the wells and formazan crystals were dissolved in
200 ll of isopropanol. The absorbance was measured after
30 min. ELISA reader read the blank, which was left as empty wells
having 200 ll of isopropanol. MTT assay was also performed in the
HEK-293 cell line to check the cytotoxicity of berberine in a
healthy cell.
2.3. Irradiation

Irradiation was executed at room temperature from a Cobalt-60
source at a dose rate of 2.5 Gy/min.
2.4. Quantification of apoptosis using flow cytometry

To determine the mechanistic approach of cell death, using the
Annexin-V FITC/DAPI apoptosis kit (Calbiochem, CA, USA) (Bhanja
et al., 2017) was employed. Briefly, c-rays were introduced into
berberine pre-treated SKOV-3 cells. Berberine treatment was given
for 2 h prior to the irradiation. After the 2 h of berberine treatment,
treated cells were washed by PBS twice for irradiation. After irradi-
ation, cells were incubated for 24 h. Then the incubated cells were
washed and stained with Annexin-V-FITC as per company’s proto-
cols. The measurement of FITC appearance was carried out by Flow
cytometer (BD LSRFortessa TM San Jose, CA, USA) to ensure the
apoptosis.
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2.5. Determination of intracellular ROS

iROS production displays a vital part in the stimulation of apop-
tosis at cellular level (Mishra et al., 2020). To calculate the iROS, we
incubated the treated cells with 10 lM (20, 70-dichlorofluorescein
diacetate prior the analysis by flow cytometer (BD LSRFortessa,
USA). The increase of DCF fluorescence directly exposes the pro-
duced ROS.

2.6. Determination of reduced glutathione (GSH) activity

The cell lysate was subjected in 0.1 ml of 25 % TCA to analyse
the GSH level, followed by centrifugation. The endogenous
R � SH group was deliberated in a mixture of 1 ml (20 ll of
0.5 mM DTNB set in 0.2 M PBS, with 25 ll of cell supernatant
and 955 ll of reaction buffer). A yellow complex of DTNB produced
after reduction of -SH group of GSH. The absorbance was recorded
at 412 nm and the assay was executed three independent times
(n = 3) (Ognjanović et al., 2012).

2.7. Determination of lipid peroxidation

Thiobarbituric acid reactive substance (TBARS) level in the cell
lysate was measured as per the adapted protocol of Beuege and
Aust (Buege & Aust, 1978). The homogenate mixture containing
TCA (15 %), TBA (0.375 %), and HCl (5 N) was boiled at 95 �C for
15 min. The absorbance at 535 nm was noted against a suitable
blank. The lipid peroxidation was revealed as the amount of TBARS
formed, in nmol/mg protein (Olszewska-Słonina et al., 2011).

2.8. Assessment of protein expression

Cells were fixed in 4 % paraformaldehyde in PBS (pH 7.4) fol-
lowed by permeabilization (0.1 % Triton X-100 in PBS) with 0.1 %
FBS for 5 min. Before incubation with respective primary antibody,
the washing of intracellular cells were carried out using PBS with
3 % FBS. After that, the primary antibody’s labelled cells were
raised with FITC conjugated goat anti rabbit/mouse IgG (secondary
antibody). Stained cells were exposed to flow cytometry (BD
LSRFortessa flow cytometer, USA) (Mukherjee et al., 2019).

2.9. Immunofluorescence

Concisely, control/treated SKOV-3 cells were washed in PBS
(0.01 M) for 10 min followed by incubation in blocking solution
having 2 % bovine serum and 0.3 % Triton X-100 in PBS for 1 h. Fur-
ther incubation of cells were takes place with the individual pri-
mary antibody (p-AKT and RAD50), monitored by washing and
staining with respective fluorophore-conjugated secondary anti-
body. Prior to mounting with the ProLong antifade reagent (Molec-
ular Probe, Eugene, OR, USA), slides were counterstained with 6-
diamidino2-phenylindole for 10 min and inspect under confocal
laser-scanning microscope (FV 10i, Olympus, Japan) (Manna
et al., 2019).

2.10. Molecular docking

The ligand of interest was undertaken from the PubChem data-
base (Bonvino et al., 2018), and retrieved in SDF format (Kim et al.,
2019). Open Babel software was used for the PDB format conver-
sion (O’Boyle et al., 2011). The energy minimization was performed
by means of UCSF Chimera (Pettersen et al., 2004) and Amber ff 14
sb force field. Ovarian cancer receptor SKOV-3 (Pdb: 5IHJ) and
PALB2/BRCA2 (Pdb: 3EU7) were obtained from a protein data bank
(Berman, 2000). The preparation of protein before docking was fol-
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lowed by previous protocol employing AutoDock Tools (v.1.5.6) of
the MGL software package (Forli et al., 2016).

2.11. Statistical analysis

Data of each experiment were statistically analyzed using Ori-
gin Pro followed by mean ± standard deviation (SD) using Student’s
t-test, at the significance level of P < 0.05.
3. Results

3.1. Cytotoxicity measurement of berberine with and without gamma
irradiation

Initially we have performed the cytotoxicity of gamma irradia-
tion in SKOV-3 cell line by MTT assay (Fig. 2A). From the MTT assay
data, it has been detected that at 5 Gy of irradiation, cells viability
decreased by nearly 80 % and we have also witnessed that at 2 Gy
of irradiation almost 30 % cells death occurred. Simultaneously the
cytotoxicity of berberine was assessed (Fig. 2B), and it has been
recognized that at 30 lM almost 90 % of cells were not viable
whereas at 5 and 10 lM of berberine almost 20 and 30 % cells
death were observed during 24 h. Then the radio-sensitization
property of berberine (5 and 10 lM) was estimated under gamma
irradiation of frequency 2 Gy (Fig. 2C).

The MTT result showed that pretreated by 5 lM of berberine
treatment followed by 2 Gy irradiation has resulted in more than
80 % SKOV-3 cell death. In the case of 10 lM of berberine treat-
ment followed by 2 Gy irradiation has resulted in more than
90 % SKOV-3 cell death. This initial information suggested that in
the case of berberine (5 and 10 lM) treated gamma irradiated well
the cell death is significantly higher compared to only 2 Gy of
gamma irradiation or only berberine treatment of 5 and 10 lM.
This study suggested to evaluate further confirmation of detail
pathway for berberine mediated radiosensitization in SKOV-3 cell
line. We have also checked the cytotoxicity of berberine (Fig. 2D)
by MTT assay against HEK-293 cell line. From the MTT data it
has been established that there is no significant cytotoxicity upto
100 lM concentration of berberine.

3.2. Measurement of reactive oxygen species

Apoptosis is caused by over production of ROS inside the cell,
thereby damaging cellular constituent’s, and organelles (Redza-
Dutordoir & Averill-Bates, 2016). Under the influence of ROS,
H2DCFDA- a non-fluorescent molecule is oxidized to highly fluo-
rescent molecule 20,70-dichlorofluorescein (DCF), which may found
to be useful method to detect the elevated levels of ROS. The
noticeably increase in the mean fluorescence intensity (MFI) of
DCF was observed with berberine treatment after 2 Gy gamma
irradiation while inspecting the ROS level (Fig. 3A). In case of
10 lM berberine pretreated 2 Gy gamma irradiated tube the MFI
is significantly higher than only gamma irradiated tube, which
were repeated multiple time to validate the ROS generation. The
DCF + cell % was given in inset. Compared to gamma irradiation
and berberine only, the level of reduced glutathione amount
decreases (Fig. 3B). At the same time, higher rate of TBARS forma-
tion were displayed in combination groups (Fig. 3C), which estab-
lished the incidence of oxidative surge in SKOV-3 cells.

3.3. Measurement of apoptosis

Flow cytometric assessment was carried out to investigate
whether the berberine causes apoptosis/necrosis, by evaluating
the level of phosphatidyl serine using Annexin-V-FITC/PI staining



Fig. 2. MTT assay data of (A) only Gamma irradiated (0–5 Gy) SKOV-3 cells, (B) Only Berberine (0–30 lM) treated SKOV-3 cells, (C) with berberine pretreated Gamma
irradiated SKOV-3 cells, and (D) with berberine in HEK 293 cell line. The significant results presenting P value < 0.05 were labeled as ⁄, # (In A; * denoted control versus 2 Gy,
** denoted control versus 3 Gy, # denoted control versus 4 Gy, ## denoted control versus 5 Gy, and in B; * denoted control versus 10 lM, ** denoted control versus 15 lM, ***
denoted control versus 20 lM, # denoted control versus 25 lM, ## denoted control versus 30 lM).
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(Fig. 4A). The flowcytometric analysis suggested that berberine
(10 lM) pretreated with 2 Gy gamma irradiated tube, the
Annexin-V intensity has been significantly increased compare to
only gamma irradiated and control tube. The PI intensity also
increased with berberine treatment in presence of Gamma irradia-
tion. This experiment was done for 24 h of incubation after irradi-
ation�H2O2 of 1 mM strength has been taken as positive control.
The ROS generation and the apoptosis confirmation suggested that
the berberine induced radiosensitization is caused by ROS induced
apoptosis.
3.4. Cellular pathway analysis via AKT mediated DNA damage axis

To justify whether the mechanism of apoptosis upon berberine
pretreated gamma irradiated cells were DNA damage mediated or
not, flow cytometric evaluation of c-H2AX was conducted. It has
been well-known that in case of berberine pretreated gamma irra-
diated tube the c-H2AX expression was increased compared to
only 2 Gy gamma-irradiated and control ones. The experiment
was done after 24 h of incubation after irradiation. This data
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(Fig. 4B) further confirmed that the complete event is happening
by ROS mediated DNA damage. For further affirmation, we have
estimated RAD50 expression, a double-strand break repair protein
by confocal microscopy (Fig. 5). In this experiment, we have esti-
mated the expressions of AKT and RAD50 at 5 and 10 lM concen-
trations of berberine to visualize the green fluorescence. The
experimental facts established that as the amount of berberine
was higher, the expression of RAD50 (Red) was increased whereas
the expression of AKT (Orange) was decreased. In this comment,
DAPI was used as a nucleus stainer. Thus, berberine-induced
radiosensitization was due to the oxidative burst in AKT-
mediated DNA damage mode.
3.5. Molecular docking

To give more insight into the interaction mode of berberine
(PubChem ID: 2353), molecular docking studies were performed
with receptor SKOV-3 (Pdb: 5IHJ) and PALB2/BRCA2 (Pdb: 3EU7)
(Fig. 6). The basis of choosing these two receptors by keeping in
mind to the repair of DNA damage and gram-negative coccobacillus



Fig. 3. (A) Flow cytometric presentation of ROS generation by DCFDA. (B) The bar diagram represented the TBARS level in control, irradiation, berberine, and
irradiation + berberine treated groups. Nanomoles of TBARS/ mg of protein was plotted along the Y-axis and control irradiation, berberine, and irradiation + berberine were
taken along the X-axis. (C) The bar diagram represented the reduced glutathione content in irradiation, berberine, and irradiation + berberine treated groups. Nanomoles of
reduced glutathione/mg of protein was plotted along the Y-axis and irradiation, berberine, and irradiation + berberine were taken along the X-axis. Error bars were SEM for
n = 3. p < 0.05 was considered significant.

Fig. 4. (A) Assessment of Annexin-V level in control, irradiation, berberine, and irradiation + berberine treated groups along with the positive control (H2O2 of 1 mM). (B)
Expression of c-H2AX in control, irradiation, berberine, and irradiation + berberine treated groups with the positive control (H2O2 of 1 mM).
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Fig. 5. Expression of AKT and RAD50 in control, irradiation, berberine, and irradiation + berberine treated groups, in presence of the green fluorescence berberine.
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that has recently appeared as a source of hospital-acquired infec-
tions. With the help of the Lamarckian Genetic Algorithm, the pro-
tein–ligand docked complex was undertaken to achieve the lowest
free energy of binding (DG). Fig. 6 showed that berberine strongly
recognizes the active site of these proteins and inhibit their enzy-
matic activity. We have selected the best conformation amongst
the various conformations have been executed. The free energy
of binding (DG) for 5IHJ obtained to be �7.5 kcal/mol, and inhibi-
tory concentration (Ki) 322.453 nM. Similarly, in case of 3EU7 the
free energy of binding (DG) was �8.8 kcal/mol, inhibitory concen-
tration (Ki) 356.43 nM. Therefore, the outcomes revealed that ber-
berine has a substantial character in the dealing of ovarian cancer
treatment.

4. Discussion

Paying emphasis to the overview of natural-derived radiosensi-
tizer in order to increase the radiation capability towards ovarian
cancer. Isoquinoline based flavonoids owns various applications
with unique mode of action (Dey et al., 2020; Liskova et al.,
2021). Particularly, berberine exhibited cytotoxicity through direct
effect on progression of cancer cell (Y. Liu et al., 2008; Zhang et al.,
2020). The major cellular enzymes that lead to the anticancer
potential of berberine is Akt, mitogen activated protein kinases
(MAPKs), cell cycle checkpoint kinases, etc (Habtemariam, 2020;
Y.-B. Yan et al., 2020). However, the direct influence of berberine
on cancer cells is comparatively weak but its effect enhances many
folds once combined with radiotherapy (Pauwels et al., 2005).
Despite the impressive experimental evidence, the radio-
sensitizing potential of berberine on ovarian cancer cells using
gamma radiation is scarcely reported. Owing to its weak lipid sol-
ubility, it is tough for berberine to enter the cytomembrane and
grasp through the gastrointestinal route (Lu et al., 2006; Tiwari &
Mishra, 2020; Zou et al., 2017). Keep in mind, the multifunctional
role of berberine, we hypothesize that it might increase the sensi-
tivity of tumor radiotherapy. Marverti et al showed that the devel-
opment of cisplatin-resistant ovarian cancer cells has been
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inhibited through berberine via preventing the role of enzymes
that are essential for DNA synthesis (MARVERTI et al., 2013). Hou
et al has also ascertained that berberine enhances the sensitivity
of ovarian cancer cells to PARP inhibitors as a result of apoptosis
through DNA damage (Hou et al., 2017). In this article, we observed
the application of berberine with gamma radiation boosts the
radiosensitivity of ovarian cancer cells. The analysis showed that
the ovarian cancer cells treated with berberine increased levels
of oxidative stress and hence, DNA damage. As anticipated, dis-
playing a synergistic radiosensitizing efficacy once composed with
gamma irradiation; induces apoptosis and inhibited tumor
expansion.

Thus, radiosensitization potential of berberine in SKOV-3 has
been evaluated. First, we have checked the cytotoxicity of berber-
ine and gamma irradiation individually. From the initial MTT data
2 Gy and 10 lM concentration of gamma irradiation and berberine
concentration was selected respectively because these concentra-
tions are significantly less toxic to healthy cell, HEK 293 cell line.
To find out the fundamental mechanism of the radiosensitization
potential of berberine on SKOV-3 cells, flow cytometric analysis
was implemented using Annexin V-FITC staining assay. The flow
cytometric results reflected that the radiosensitization by berber-
ine (10 lM) is due to apoptosis. Previous reports said that ROS play
a major role in apoptosis (Kamogashira et al., 2015; Slika et al.,
2022). So, we have calculated the ROS generation by H2DCFH-DA
and the analysis confirmed that the apoptotic cell death was due
to ROS generation. Furthermore, higher rate of TBARS formation
and decreased level of (GSH) content supported the elevated ROS
generation data.

We have also evaluated that DNA damage, whether it is endoge-
nous or exogenous, forms of double stranded breaks (DSBs), it is
continuously followed by a series of nuclear protein such as phos-
phorylation of the histone, H2AX. H2AX is a variant of the H2A pro-
tein. So, the expression of c-H2AX was monitored before and after
irradiation of berberine (10 lM) treated SKOV-3 cells. The flow
cytometric data established that the c-H2AX expression was ele-
vated in berberine treated cells that confirmed the DNA double



Fig. 6. (a) The surface view of SKOV-3 (Pdb: 5IHJ) and PALB2/BRCA2 (Pdb: 3EU7); (b) Docked pose of Berberine with SKOV-3 (Pdb: 5IHJ) and PALB2/BRCA2 (Pdb: 3EU7)
showing 2D interaction plot originating from several non-covalent weak interactions.
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strand breaks. This is already reported that RAD50 plays a key role
in double-strand break (DSB) of DNA. Hence, the RAD50 expression
on gamma irradiated berberine treated SKOV-3 cells result further
established that the radiosensitization is happening due to double
stranded breaks of DNA. The DNA damage response (DDR) signal-
ing pathway orchestrated by the ATM ATR kinases and RAD50 is
the central regulator of this network in response to DNA damage.
Both ATM and ATR are activated by DNA damage and DNA replica-
tion stress, but their DNA-damage specificities are distinct and
their functions are not redundant. We have checked the expression
of c-H2AX to check the ROS induced DNA damage. After confirma-
tion the DNA damage, DNA damage regulatory proteins (including
116
ATM, ATR, RAD50) are involved in AKT activation, so the expression
of AKT was measured in only gamma irradiated cells and berberine
pre-treated gamma irradiated cells. The data validated that the
expression of AKT was increased owing to radiosensitization by
berberine. Finally, we established that berberine encouraged
radiosensitization is triggered by oxidative burst and activate c-
H2AX in the DNA damage response pathways via AKT axis.
5. Conclusion

Natural products may ascertain to be a great asset for the devel-
opment of therapeutic candidate mainly due to low toxicity. Due to
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unique structure and biochemical pathways of active molecules
that can be used as ovarian cancer inhibitor against SKOV-3 and
PALB2/BRCA2 is of prime importance. In summary, we present
strong in vitro evidence that berberine functions as a radiosensi-
tizer in SKOV-3. Further, we demonstrated that berberine specifi-
cally induce oxidative burst and activate c-H2AX in the DNA
damage response pathways. Additionally, molecular modelling
studies have been shown that berberine recognizes the active resi-
dues of SKOV-3 (Pdb: 5IHJ) and PALB2/BRCA2 (Pdb: 3EU7) in a
highly specific binding pattern. In future work we will check the
in vivo radiosensitization efficacy of berberine along with dosime-
try analysis.
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