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1. ABSTRACT 

Background: Ovarian cancer (OvCa) is the leading gynecological cancer and has 

been reported to have multi-drug resistance. Due to poor prognosis, women have low 

survival rates and therapies have negative impacts on the quality of life. Resistance to 

conventional treatments such as chemotherapy and radiation therapy is the reason for 

the need for innovative therapies. Phytochemicals (PCs) have demonstrated 

significant potential in the field of OvCa by inhibiting metastasis of cancer cells. 

Thymoquinone (TQ) is a promising drug in the field of OvCa for inhibiting the cell 

proliferation of cancer cells.  

 

Objectives: The study demonstrates cisplatin (CDDP)- induced chemoresistance in 

OvCa using in-vitro assays. The study also determines the anti-chemoresistance 

mechanisms of CDDP along with TQ in OvCa.  

 

Methodology:  The cells (PA-1 and SKOV-3) were subjected to a time-dependent 

treatment with progressively higher doses of TQ. SKOV-3 were induced with CDDP 

drug resistance. After obtaining the IC50 value by MTT, the cells were assessed for 

DAPI and Rh-123 staining by fluorescence microscopy. Genetic expression in cells 

was studied using RT-PCR for PIK3A/B, RAD51 and BRCA1/2. Flow cytometry was 

conducted for cell death analysis. After treatment, the cells were analyzed for colony 

formation study. The capacity of the treated cells to migrate was also evaluated and 

quantified. Western blotting was used to assess the changes in protein expression 

before and after treatment of TQ on the cells. The mutagenicity was measured by the 

AMES test. Docking analysis was conducted for Bax, Bcl-2, p53, STAT3, and 

Caspase-3/9.  
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Results: The minimal inhibition for PA-1 cells was obtained at 8 µM for CDDP and 

18 µM for CDDP. In SKOV-3, the IC50 of CDDP was obtained at 3 µM, and TQ 

exhibited at 14 µM. Prolonged exposure of the cells to CDDP resulted in the 

successful development of a CDDP-resistant cell population. The R_SKOV-3 showed 

6 µM for CDDP and 14 µM for TQ. The morphological and mitochondrial changes 

were observed in fluorescence microscopy. The apoptosis induced by the compounds 

was quantified with flow cytometric analysis. The genetic and protein changes 

induced by the TQ were analyzed with RT-PCR and western blotting, respectively. 

Further, the wound healing capacity and the mutagenicity of TQ were compared with 

CDDP in all the cell populations.  

 

Conclusion: TQ demonstrates a strong potential as a therapeutic approach to enhance 

CDDP response in OvCa. Indeed, TQ is a promising therapeutic agent in preclinical 

cancer research. 

 

Keywords: Ovarian cancer; Cisplatin; Thymoquinone; Chemoresistance; 

Phytochemicals; Drug-resistance; DAPI; Apoptosis; PA-1; SKOV-3. 
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2. INTRODUCTION 

 

2.1. BACKGROUND 

 

One of the leading causes of mortality in various parts of the world is cancer. 

Estimating over 18 million new diagnoses leading to an average poor prognosis of 

over 9.6 million of the population. Regardless of human development worldwide, 

morbidity and mortality cancer are an essential cause. Cancer peculiarities tend to 

vary over diverse demographics (1). The most multifactorial disease in women is 

OvCa having a low survival rate because of abstruse symptoms. OvCa is a common 

type of cancer in women accounting for more than 3 lakh new cases and more than 1 

lakh deaths annually. Most of the cases develop in peri- and post-menopausal women 

(2). 

 

OvCa is diagnosed in advanced stages due to an insignificant prognosis and 

lack of accurate screening. The response of a patient to chemotherapy is tremendously 

heterogeneous and there is no detection system to predict the sensitivity or resistance 

of chemotherapy in OvCa. Early identification and proper treatment such as novel 

therapies would improve patient survival (3). Unfortunately, no early detection is site-

specific and sensitive to high-grade serous OvCa. There is also a root reoccurrence of 

a tumour contributing to the death of an individual. This diverse and extensive range 

of research holds significant promise to positively impact both women at risk of OvCa 

and those who have already been diagnosed with this life-threatening disease (4). 
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Studies have shown the incorporation of CDDP and paclitaxel (PTX) through 

intra-peritoneal therapy associated with carboplatin (CB) and PTX for understanding 

the complete survival of stage III OvCa patients as adjuvant (5). Since there can be a 

relapse of the tumour or metastases of the disease, understanding the mechanism of 

CDDP is of clinical significance. Cancer cells within a tumour exhibit heterogeneity 

and can be composed of various clones, which are groups of cancer cells sharing a 

common genotype. The understanding of cancer progression has been greatly 

influenced by the principles of evolutionary theory. The interaction of cancer cells 

with their surrounding in the TME contributes to tumour heterogeneity, ultimately 

influencing the response to therapeutic interventions (6). 

 

A major hurdle during chemotherapy is the development of drug resistance 

formulating numerous complications. The efficacy of an anticancer drug is restricted 

by miscellaneous factors such as DNA damage repair, epigenetic modification, drug 

efflux, alteration of drug target, cell death inhibition, etc. (7). In the research scenario, 

CDDP opens several pathways leading to chemoresistance which requires 

complementary effects for therapeutic. Recently emergent interest is reducing cancer 

cells by using dietary chemo-protective agents (phytochemicals) in combination with 

chemotherapeutics. Phytochemicals (PCs) are obtained from naturally occurring 

substances like fruits and vegetables, which have demonstrated chemo-protective 

effects on cancer cells (8).  

 

Thymoquinone (TQ) demonstrates a multifaceted and intricate mode of action 

in OvCa cells. Its impact on cell proliferation seems to be contingent on the specific 

cell type, as it can exhibit inhibitory or stimulatory effects. Notably, the anti-
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proliferative response induced by TQ suggests that it influences certain signalling 

pathways or cellular contexts within the cells. In terms of metabolic reprogramming 

in OvCa cells, TQ has been observed to have a stimulating effect and works 

synergistically with CDDP to promote apoptosis. TQ can enhance and amplify the 

metabolic alterations that occur in OvCa cells, potentially negatively influencing their 

growth and survival. The interaction between CDDP and TQ contributes to a positive 

effect on the metabolic pathways. 
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2. INTRODUCTION 

 

2.2. REVIEW OF LITERATURE 

 

OvCa is the seventh most common gynaecological malignancy with more than 

3,13,000 newly diagnosed cases having >80% survival rate. The risk of women 

developing OvCa in life is 1 in 75 and the probability of mortality from the disease is 

1 in 100 (9,10). OvCa has a poor prognosis which contributes to a 75% death-to-

incidence rate at advanced stages. Due to the insufficiency of screening or diagnostic 

technology, cancer is hard to identify on time. The factors such as social 

demographics and deprived access to health are also the reason OvCa epidemiology. 

The 5-year survival rate is between 30-40% worldwide and increases moderately from 

2-4% every year (11). 

 

The risk factors include age, reproduction, hormonal, genetic, lifestyle, and 

socio-demographic factors. The predisposition of age-related factors is very common 

in women above the age of 60. The lower survival rate is due to the advancement of 

the diseases, although the relationship between occurrence and age is uncertain (12). 

The menarche at an early age and late menopause increases the ovulation cycles 

alternatively stimulating the risk for OvCa. Consumptions of oral contraceptives, 

hormonal supplements, infertility treatments, prolonged lactation, and high age at 

childbirth are additive risks of OvCa (13). Gynecological factors such as pelvic 

inflammation, endometriosis, ovarian cysts, and tubal ligation contribute to OvCa 

risks (14). Among the genetic factors, mutation of BRCA1/2, RAD51, and Lynch 

syndrome are also some factors that trigger OvCa (15,16). The risk factors also 
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include lack of diet and nutrition, obesity, smoking, alcohol, and caffeine intake. Lack 

of awareness and education, poor access to health care, and environmental factors are 

also risks in OvCa (17,18). 

 

The primary OvCa is categorized as epithelial and non-epithelial cancer. 

Epithelial tumours are mucinous and non-mucinous subtypes. The non-mucinous 

comprise serous (high and low grade), endometroid, clear cell, and unspecified 

tumours. Non-epithelial cancer has two subtypes: sex cord-stromal and germline 

tumours. The sex cord tumors include granulosa (fibroma, fibrothecoma, thecoma) 

tumors and sertoli cell (Leydig cell) tumors. The germ cell tumour involves teratoma, 

monodermal, dysgerminoma, yolk sac, and mixed germ cell tumour (19). Epithelial 

OvCa comprises majorly of non-mucinous type and only 3% are of the mucinous 

type. About 70% of the mucinous subtypes are high and low serous and the rest are 

either endometroid, clear cell, or unspecified (10,20).  

 

The FIGO has determined four surgical staging for fallopian, peritoneal, and 

OvCa. The tumour constricted to the fallopian tubes and ovaries is defined as stage I. 

In stage IA, the tumour is restricted to one fallopian tube with no malignancy in the 

ascites or no tumour in both. In stage IB, the tumour is limited to the tubes and 

ovaries having no malignancy or no tumour. Stage IC, the tumour is either on the 

tubes, ovaries, or both and has either a malignant cell, ruptured capsule, or surgical 

spill. Stage II includes a tumour on one or both ovaries and tubes with peritoneal 

cancer. The extension or implants on the uterus or/and tubes or/and ovaries or/and 

either of the pelvic tissues is staged IIA/B. The stage III, the tumour is confined to one 

or both ovaries or tubes or peritoneal cancer, the tumour spread outside the 
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peritoneum or/and metastasis in retroperitoneal lymph nodes. parenchymal metastasis 

and extra-abdominal metastasis excluding metastasis of the peritoneal cavity is 

defined as stage IV (21).  

 

 

Fig. 1: Classification of OvCa. 

 

The screening of OvCa is to identify the disease and to understand the regime 

for the treatment. However, the detection of the disease is the beginning of 

understanding the associated clinical applications. The diagnostic techniques also 

comprise diagnostic, prognostic (patient outcome estimation), and predictive 

(treatment response) biomarkers (22). One of the most potential biomarkers in OvCa 

is CA125, predominantly used for diagnosis at early stages (I &II), moreover can be 
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used to analyze the prognosis of the disease (23). Also, 75% of diagnosed patients 

have BRCA1/2 mutations are very common in high-grade OvCa, which are 

prospective biomarkers (24). Other markers contain epigenetic markers (miRNAs) 

(25), and liquid biopsy involves circulating tumour cells, circulating DNA, and 

extracellular vesicles (26–28). Although, pathological and histopathological 

investigations are essential for OvCa diagnosis.  

 

The first line of treatment is the primary debulking of the tumour since the 

disease is diagnosed at advanced stages. After the debulking surgery, the patients 

undergo radiotherapy or chemotherapy depending on the impending conditions. The 

first line of treatment has been altered for better treatment and improvising the quality 

of surgery. Hyperthermic intraperitoneal chemotherapy (HIPEC) is another 

therapeutic strategy during/after cytoreduction surgery. By increasing the temperature 

of the body, the chance of drug penetration increases during chemotherapy (29). 

Hyperthermia helps the drug to sieve into the peritoneal regions making it susceptible 

to DNA repair and sensitivity (30). These conditions also obstruct angiogenesis, 

activate NK, and increase apoptosis. This treatment also works better during the 

recurrence of a tumour (31). The PFS and OS are inversely proportional to current 

clinical trials and first-line therapy assessment. The conventional treatment consists of 

drugs such as CDDP, CB, and PTX that have been under standard use for decades. 

The patients endure 6 years of follow up showing an 11% survival rate with CDDP-

PTX compared to other drugs (32–34).  

 

The most recent monoclonal antibody Bevacizumab (BVZ) is used in the 

treatment of OvCa which improves the health of high-risk patients. The chemotherapy 
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results show an increase in the PFS for 3-4 months with improvement in survival in 

high-risk patients. It also displays remarkable results with doxorubicin (DOX), CB, 

and PTX (35,36). Furthermore, PARP inhibitors are the new trajectory in the 

treatment of OvCa. These target the PARP enzymes (PARP 1/2/3) that are involved in 

the DNA repair mechanism. These inhibitors can repair single and double-stranded 

breaks and homologous and non-homologous recombination. These also function 

effectively on the loss of function mutations such as BRCA1/2 (37). One of the 

substantial examples of PARP inhibitors is Niraparib (Zejula TM, Ni) which is used in 

the maintenance of advanced OvCa. Despite BRCA1/2 mutations, Ni is recommended 

in the treatment of high-grade OvCa as it is involved in DNA repair via homologous 

recombination (38). Ni also works efficiently alone and along with BVZ, and this 

combination is also used in BRCA1/2 mutation patients in the maintenance of OvCa 

(39). Both Olaparib and rucaparib (also PARPi) along with Ni are used in the 

treatment of recurrent OvCa resistant to platinum drugs (40).  

 

CDDP has been the most universally used chemotherapeutic agent for more 

than five decades. CDDP-based chemotherapy continues to be the standard treatment 

for numerous cancer types. Despite its associated toxicities, treatment failures due to 

resistance, and limited understanding of its mechanism of action. The cytotoxic 

effects of CDDP occur through its covalent interaction with guanine residues in DNA, 

leading to the formation of intra-strand adducts as DNA lesions. Resistance to 

chemotherapy is a prevalent factor contributing to the ineffectiveness of CDDP 

treatment in cancer cells (41).  

CDDP has been the primitively used chemotherapeutic drug in the treatment 

of OvCa. CDDP induces ROS by destroying the mitochondrial integrity thereby 
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causing apoptosis in OvCa cell lines (42). CDDP causes cytotoxicity on the 

serine/threonine kinase i.e., ILK present in the extracellular matrix of the cells thus 

reducing cell proliferation (43). CDDP also works well with topotecan in high-grade 

OvCa during palliative chemotherapy (44). The systemic improvement of patients is 

dependent on the outcome of the patient.  

 

Patients experience a relapse of tumour refractory (intrinsic/first-line 

treatment) resistance and acquired resistance (after a few months of treatment). These 

tumor behaviours are heterogeneous depending on the prognosis and patient response. 

Intrinsic resistance is the pre-existing resistance that reduces the efficacy of the 

chemo-drugs. Inherent genetical mutations, initiation of defence mechanisms against 

toxins, and subpopulation to pre-existing insensitively add to intrinsic 

chemoresistance. Acquired resistance is due to continuous treatment with a particular 

drug that reduces the efficacy of the drug. The reasons for acquired resistance can be 

TME variations, drug target alteration, and proto-oncogene stimulation (45,46).  

 

The causes of drug resistance can be drug influx/efflux, altered drug target 

(metabolism), augmented DNA repair, apoptosis escape, activation of oncogenes, 

epigenetic modifications, TME, EMT, autophagy, exosomes, CSCs, and so on 

(47,48). The most challenging obstacle to tackle in drug resistance is getting over 

MDR. The ABC present on the cell surfaces allows the movement of drugs in/out of 

the cells. CTR1 and ATP7A/B are responsible for drug influx/efflux specifically by 

CDDP (49). MRP (1- 4) has an amphiphilic unidirectional efflux pump responsible 

for the entry and exit of CDDP. While MRP4 has been associated with CDDP 

resistance, MRP1 increases the accumulation of CDDP (50).  
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Secondly, this environment prompts the cancer cells to undergo augmented 

DNA repair mechanisms. The single and double-stranded breaks in the DNA structure 

are mediated with cell cytotoxicity via CDDP. Excision repair proteins such as 

ERCC1/XPF cause CDDP resistance in several other cancers (51). CDDP causes an 

irreversible process of cell proliferation due to the activation of oncogenes, exogenous 

or endogenous pathways (52). Another reason for the development of CDDP-

mediated chemoresistance is EMT. The rise in cellular migration, invasion, and 

causes apoptosis resistance. The knockdown of Snail and Slug protein (a chief protein 

responsible for EMT) reduces the transition of cells to EMT while overcoming drug 

resistance (53).  

 

The imbalance between pro- and anti-apoptotic factors contributes to the 

evasion of apoptosis. Resistance induced by CDDP results in the over-expression of 

anti-apoptotic proteins while the pro-apoptotic proteins tend to down-regulate, leading 

to the evasion of apoptosis and reduced sensitivity to cytotoxic drugs. Also, caspases 

(3/6/7/8/9) polarize the death domain and the apoptosome, in addition, to participating 

in MDR (54). The TME can either activate or dysfunction the apoptosis hence 

contributing to chemoresistance (55). Drug resistance and its molecular mechanisms 

play an important role in drug discovery and identification of precise targets to 

augment chemotherapeutic outcomes thereby surging quality of life. 

 

In the future, utilizing PC-based approaches for gynecologic cancer therapy is 

likely to become a standard practice, wherein patients would be treated with capsules 

or infusions containing a combination of PCs and carefully designed therapeutic 
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agents. This approach aims to tailor treatments to individual patients, optimizing their 

effectiveness and minimizing adverse effects. Using PCs will support enhancing 

conventional therapy in addition to a new approach to fighting against cancer. Further 

studies using high throughput are required to complement the existing studies that will 

help in the subsequent clinical trials (56). 

 

PC participation has synergistic effects on numerous diseases such as diabetes, 

inflammation, respiratory, cardiovascular, and neurodegenerative diseases. PCs are 

not only antiproliferative and anti-microbial, but also have antioxidant, anti-

inflammatory, and anti-hyperglycemic properties. PCs target cancer cells without 

affecting the normal cells and do not cause adverse effects (57). Curcumin (Cu) is 

most frequently used in Indian cuisine and modulates a variety of cellular 

mechanisms. It leads to cell apoptosis, activates proto-oncogene, and regulates NF-

κB, TNF-α/β, and STAT3. It is also proficient in nano-formulation and combination 

with many drugs (58). In OvCa, Cu inhibits the proliferation of SKOV-3 cell lines by 

reducing the expression of the circular RNA302, PLEKHM3, and SMG1 genes 

(activates during progression) (59). Resveratrol (Res) chiefly found in grapes and 

berries contains anti-cancer properties that target AKT, HIFα, MAPK, PIK3, PTEN, 

STAT3, etc. (60). Res causes downregulation of Notch/PTEN and AKT in OvCa (61). 

Another prospective constituent is Quercetin (Q) found in several fruits and 

vegetables. It reduces migration and proliferation, lessens VEGF, and HIFα, reduces 

MMP2/9 along with STAT3, and is currently used in a clinical trial for many cancer 

therapies (62). Capsaicin (Ca) is abundantly found in red pepper, causes suppress 

PIK3/mTOR pathway, and leads to autophagic and apoptotic cell death (63). Allicin, 

apigenin, baicalein, baicalin, dicoumarol, genistein, gingerol, hispudilin, lycopene, 
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nimbolide, tea polyphenolics, ursolic acid etc., are some PCs used in the treatment of 

various cancers (64). 

 

TQ is a component of Nigella sativa, which is commonly called “black cumin 

or kalonji” traditionally used in Indian cuisine. It has anti-proliferative, anti-microbial, 

anti-inflammatory, and antioxidant properties. It has been proven to have an anti-

cancer effect on ovarian, breast, osteosarcoma, brain, and pancreatic tumour. It 

stimulates apoptosis by enhancing Bax and Caspase-3/8 and reducing Bcl-2. It 

decreases STAT3, PIK3/AKT and MAPK thus inhibiting carcinogenesis. The EMT 

process is reduced by TQ by suppressing MMP2/9 and TWIST proteins stopping the 

invasion and migration (65,66). TQ modifies the level of Bcl-2 and Bax and increases 

apoptosis in SKOV-3 cell lines (67). The folate chitosan-loaded nanoparticles 

diminish the expression of folate receptors in SKOV-3 and contribute to 

chemosensitivity (68). TQ reduces cell proliferation, lessens migration via JNK, Src, 

and FAK, and increases ROS in different OvCa cell lines (69). 
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2.3. JUSTIFICATION 

Cancer majorly contributes to mortality, accounting for over 18 million new 

diagnoses that amount to over 9.6 million deaths. Regardless of human development 

worldwide, morbidity and mortality of cancer are essential causes. The most 

multifactorial disease in women is OvCa having a low survival rate because of 

abstruse symptoms. Developing a lifetime risk of OvCa in women is 1 in 75 with the 

mortality chance being 1 in 100, over 80% of the cases occur after the age of 40. 

 

The utilization of PCs in combination with chemotherapeutics holds great appeal for 

prevention and intervention strategies due to their wide availability, cost-

effectiveness, and high tolerability. PCs offer several advantages, including the ability 

to directly observe and topically treat accessible organs, making them attractive for 

assessing the effectiveness of PC compounds. Recent studies have demonstrated the 

essential effects of PCs, such as TQ influence multiple signaling pathways involved in 

various protective actions. These actions include protection against metastasis, 

oxidation, inflammation, angiogenesis and changes in epigenetic processes and CSCs.  

 

Discovering novel therapies based on molecular targets rather than traditional 

indications can potentially streamline the regulatory approval process for cancer 

therapeutics. The progress in these areas would bolster the capability of 

pharmaceutical industries to make informed decisions in drug development, resulting 

in better patient survival rates and improved quality of life for those affected. By 

increasing efficacy and minimizing harmful side effects, these advancements have the 

potential to make a significant impact on overall patient outcomes. 
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3. MATERIALS AND METHODS 

 

3.1. Materials 

 

Cisplatin and Thymoquinone were acquired from Sigma Aldrich. The media 

used included DMEM (Gibco, Cat. No.-11965092) and McCoy’s 5A (modified) 

medium (HiMedia, Cat. No.-16600108). Antibiotic-Antimycotic (100x) solution 

(ThermoFisher Scientific, Cat. No.-15240062) and FBS (Gibco, Cat No.-10270106) 

were used in cell culture. PBS (HiMedia, Cat. No.- TL1006), MTT (Sigma Aldrich), 

DAPI (D9542), Annexin V-FITC Apoptosis Detection Kit (R&D Systems, Cat. No. -

4830-01-K), DMSO, and PFA were purchased from Qualigens, India. PI (Cat. No.- 

P1304MP) from ThermoFisher Scientific was used for staining. Antibodies for beta-

actin, Bcl-2, and p53 were obtained from Jupiter Life Sciences, while the secondary 

antibody IgG-HRP was acquired from MERCK. TMB (Cat. No.- T0565) from Sigma 

Aldrich was used for protein studies. RIPA lysis buffer (Cat. No.- TCL131) and 

protease inhibitor cocktail (ML051) were purchased from HiMedia. S. typhimurium 

MTCC 3234 was procured from MTCC Gene Bank, Chandigarh, India. L-Histidine 

and D-Biotin were sourced from HiMedia. 

 

3.2. METHODOLOGY 

 

3.2.1. Cell culture 

 

The OvCa cell lines were procured from the National Centre for Cell Sciences, 

Pune. PA-1 was cultured in DMEM (prepared with 10% FBS and 1% antibiotic-



 

Materials and Methods  

 

 17 
 

antimycotic solution). SKOV-3 was grown in McCoy's 5A with a similar composition 

of serum and antibiotics. Both the cell lines were incubated at 37°C with humidity of 

5% CO2 (New Brunswick Galaxy 170R, Eppendorf, India) for all the further 

experiments and maintained till 80% confluency. 

 

3.2.2. Cytotoxicity assay 

 

Both the cell lines were seeded at 5x102 density and incubated for 24 h at the 

above-mentioned conditions. They were further incubated with increasing 

concentrations of the compounds (3 - 100 µg/ml) for 24 h, 48 h, and 72 h. The cells 

were subjected to 5 mg/ml MTT reagent and kept for 4h in the incubator. Further, 

they were resuspended in 100 µL of DMSO. The absorbance was noted at 490 nm 

(Lisa plus microplate reader) (70). 

 

Formula: 
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3.2.3. Resistance development in SKOV-3 

 

SKOV-3 was incubated in a 6-well plate at the standard conditions for 24 h. 

Considering the IC50 value (3 µM) obtained from the MTT assay, the cells were 

preliminarily treated with 0.2 µM of CDDP. Depending on the confluency and the 

aseptic conditions of the cells, further subculture was conducted. The cells were 

maintained in duplicate flasks. The concentration of CDDP was gradually increased to 
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achieve resistance for several days. After achieving resistance for every concentration, 

the cells were subjected to an MTT assay. The method was used from (71,72) with 

minor modifications. The CDDP-resistant cell lines are mentioned as R_SKOV-3. 

 

3.2.4. Evaluating the polarization state of the cell membrane 

 

A density of 1x106 cells was cultured in a 24-well plate having coverslips. PA-

1 cells were subjected to treatment with TQ at 7 µM, 14 µM, and 21 µM. SKOV-3 

was treated with 3 µM of CDDP and 14 µM of TQ, while the resistant were treated 

with 14 µM of TQ. Following treatment, and PBS rinse, they were stained with Rh-

123 and incubated for 30 min. 4% PFA for 30 min was used to fix the cells. The 

control was the untreated cells. Assays were conducted separately for PA-1, SKOV-3, 

and R_SKOV-3. The cells were observed under a 40X magnification (Olympus Bx41, 

Olympus, Japan) fluorescence microscope. The cells were visualized with RES® 

CapturePro software (Jena, Germany). GraphPad Prism 5.1 was used to calculate 

intensity (73). 

 

3.2.5. Morphologically staining with DAPI 

 

The cells were grown at 1x106 density over coverslips and treated post-

incubation. 4% PFA was used for fixing them, after a PBS rinse. DAPI (1 µg/ml) was 

added to the cells for 5 min, at RT in the dark. Apoptotic cells were examined using 

Olympus BX41 (Olympus, Japan) at 40X magnification. The observation and analysis 

of the cells were conducted using Pro RES® Capture Pro software (Jena, Germany) 

(74). 
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3.2.6. Quantification of apoptosis 

 

OvCa cells were seeded with 1x106 density and incubated for 24 h. Further, 

cells were treated with a selected concentration of the compounds. These were 

gathered with ice-cold PBS and then transferred to flow cytometry tubes. The cells 

were subjected to centrifugation (ROTEK Laboratory centrifuge) at 1000 rpm for 5 

min at RT and washed thoroughly with cold PBS. The pellet was stained with 1 µg/ml 

Annexin V-FITC and 5 µL of PI after being re-suspended in 1X ice-cold buffer. 

Further, cells were kept in the dark for 15 min while kept on ice. Untreated cells were 

used as control. The experiments for resistant and SKOV-3 were separately 

conducted. Further, the data was collected using FACS (BD, Bioscience) and 

analyzed to quantify the rate of apoptosis (FlowX 10.0.7) (75). 

 

3.2.7. RNA extraction 

 

The OvCa cells cultured in a 6-well plate were treated with 7 µM, 14 µM, and 

21 µM of TQ for 24 h. The trypsinized cells were then resuspended in 200 µL of 

TRIzol reagent and stored at RT for 5 min. At 12000 rpm cells were centrifuged 

(Eppendorf 5810 R) and the upper layer was collected in fresh tubes. The RNA was 

quantified using Biophotometer (Eppendorf BioPhotometer plus) (76). 

 

3.2.8. RNA expression studies 

 

The RNA expression studies were done using the SYBR Premix (Applied 

Biosystem, USA). The primers were obtained from Eurofins Genomics (Bengaluru, 
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India), and their sequences are mentioned in Table 1. The quantification was done 

using the 2-∆∆Ct method. The reaction conditions were set at 95 °C for 30 sec, 

followed by 40 cycles of denaturation at 95 °C, annealing at 61 °C and extension at 72 

°C for 20 sec each for each gene. β-actin was used as the internal control for reference 

(77). 

 

No. Primer 

name 

Sequence 5’ to 3’ Length 

1. PIK3CA-F GGTTGTCTGTCAATCGGTGACTGT 24 

 PIK3CA-R GAACTGCAGTGCACCTTTCAAGC 23 

2. PIK3CB-F TTGTCTGTCACACTTCTGTAGTT 23 

 PIK3CB-R AACAGTTCCCATTGGATTCAACA 23 

3. RAD51-F TCTCTTCCCATTGCACACCTT 21 

 RAD51-R ACCTGGAAGCTTTCCTAACTAGAG 24 

4. BRCA1-F TGAATGACTGCCTTGGGTCC 20 

 BRCA1-R AGGTGATTTCAATTCCTGTGCT 22 

5. BRCA2-F CCCTTCTTTGGGTGTTTTATGCT 23 

 BRCA2-R CCTTCCTGTGATGGCCAGAG 20 

6. β-actin- F GCCCTGGCACCCAGCACAAT 20 

 β-actin- R GGAGGGGCCGGACTCGTCAT 20 

 

Table 1: Sequence of the genes used to design the primer. 
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3.2.9. Colony formation assay 

 

The cells were seeded at 100 cells per well in 6-well plates and treated with 

the compounds based on their respective IC50 values. They were maintained at 

standard incubation conditions for 14 days, by replacing the fresh media every 

alternate day. After rinsing the cells with PBS, 4% PFA was used for 15 min at RT 

and stained with 0.4% crystal violet for 15 min. After the plates were dried, the 

number of colonies was counted for both the resistant and non-resistant cells. The data 

were analyzed using GraphPad Prism 5.1. To determine the PE, the number of 

surviving colonies was divided by the number of cells initially plated. The SF was 

calculated as the number of colonies that arose after treatment, expressed as a fraction 

of the plating efficiency (78). 

 

Formula: 
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PE= Plating efficacy 

SF= Surviving fraction 

 

3.2.10. Wound healing/scratch assay 

 

The cells were seeded with 1x105 density for treatment with the compounds. 

After 24 h, a 200 µL tip was used to scratch each well vertically. The detached cells 

were rinsed with PBS, replaced the media with fresh media and incubated for 24 h. 

The cells were observed for 0 - 24 h. The media was replaced with pre-warmed PBS 
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and the images were acquired. The cells were observed with 40X magnification under 

an optical microscope (Olympus BX41, Olympus, Japan). The cells were observed 

using Pro RES® Capture Pro software (Jena, Germany) (79). The wound closure was 

measured using ImageJ software and the before/after gap was computed (80). 

 

Formula: 

&����		�����
 = 	 �	'	(�	 = 	0	ℎ����) 	− 	'	(� = Δℎ����)
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A t= 0 hours = measurement of the gap, immediately after scratching 

A t= ∆ hours = measurement of the gap, after h hours of scratching 

 

3.2.11. Extraction of whole protein 

 

Cells seeded at 1x106 density were treated with CDDP and TQ for 24 h. The 

protein extraction was done after exposing the cells to the lysis buffer (500 µL RIPA 

buffer + 10 µL protease inhibitor cocktail). With continuous vortexing, the cells were 

maintained on ice for 1 h. Harvested cells were transferred into 1.5 ml Eppendorf 

tubes. The cells were centrifuged at 12,000 rpm for 20 min using an Eppendorf 5810 

R centrifuge. After centrifugation, the supernatant (liquid portion) was separated and 

stored at - 4 °C until further use (81). 
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3.2.12. Protein expression analysis 

 

The above-mentioned proteins were boiled for 3 min in a water bath and 

separated on a 7.5% SDS-PAGE gel for 2 ½ h at 110V. This was then put into a 

transfer chamber containing Towbin buffer (25 mM Tris, 192 mM glycine, pH 8.3 

with 20% methanol (v/v)) and run for 3 h at 110V. To prepare the blot for antibody 

probing, it was blocked with 1% BSA overnight at 4 °C and then washed 2-3 times 

with PBS. The blot was incubated o/n with primary antibodies (anti-beta, Bcl-2, and 

p53) diluted in 1% BSA (4 °C). The next day, this was thoroughly rinsed with PBS 

(10 min, three times). Next, the blot was incubated with goat anti-mouse IgG-HRP for 

3 h at RT with agitation. TMB was used to visualize the protein bands. Milli Q water 

was used to stop the reaction after 30 min. The resulting bands were then observed 

and analyzed (82,83). 

 

3.2.13. Ames Test 

 

The Salmonella typhimurium MTCC 3234 was purchased from MTCC Gene 

Bank, Chandigarh, India. The cultures were inoculated in nutrient broth for 12 h at 

37°C. The mutagens were CDDP and TQ (a series of concentrations was used) while 

the negative control was autoclaved water. In 2 ml Eppendorf tubes, 100 µL of fresh 

culture, 200 µL of Tris/Biotin solution (0.5 mM L-Histidine and D-Biotin), 500 µL of 

sodium phosphate buffer (0.2 M sodium dihydrogen phosphate and 0.2 M sodium 

hydrogen phosphate at pH 7.0), 100 µL of test samples and 1 ml of autoclaved water 

was used to prepare the solution. Each concentration was prepared separately. After 

mixing the tubes, an L-shaped spreader was used to spread the cultures. The plates 
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were incubated for 48h at 37 °C in the dark. The images were captured, and colonies 

were counted (84–86). 
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3.2.14. Statistical analysis 

 

The experiments described above were replicated in triplicates. The data obtained 

from each experiment were presented as mean ± S.D. To analyze the data and 

determine statistical significance, ANOVA and Bonferroni's tests were used for both 

the treatment and control groups. These statistical tests helped assess whether there 

were significant differences between the treatment and control groups. 

 

3.3. METHODOLOGY- DOCKING 

 

3.4. MATERIALS 

The information regarding TQ, and its SMILES notation was retrieved from 

PubChem (PubChem ID: CID 10281) through the National Center for Biotechnology 

Information (NCBI) in 2022. Protein structures and information were obtained from 

UniProt, the universal protein knowledgebase in 2021. Homology modelling software, 

SwissModel, and Phyre2 were used to optimize the structures of TQ and the proteins. 

Avogadro and AutoDock Tools were utilized for the structure optimization of TQ and 

the proteins. Patchdock was employed for molecular docking, and BIOVIA Discovery 

Studio Visualizer was utilized for virtual screening. 



 

Materials and Methods  

 

 25 
 

3.5. METHODS 

 

3.5.1. Ligand datasets 

 

The therapeutic target TQ (ligand) was docked with proteins such as Bax, Bcl-

2, STAT3, p53, and Caspase-3/9. The structure, physical and chemical properties, and 

canonical smiles were collected from PubChem as primary information for TQ. 

 

3.5.2. Receptor dataset (protein template) 

 

The protein details were obtained from UniProt (Bax, Bcl-2, STAT3, p53, and 

Caspase-3/9). Further, the proteins were modified by adding polar hydrogen atoms 

and removing the molecules of water. The optimization of proteins was conducted 

using AutoDock tools. 

 

3.5.3. Energy optimization 

 

The energy optimization was conducted using Avogadro’s software. There is a 

necessity to add hydrogen bonds to satisfy the valency for building a computational 

model. The extension tab will have the optimized geometry. The optimized structure 

allows the molecule to form conformational stability. The molecules make atom 

position changes and calculate energy position. The selected molecular mechanism 

will be available in the extension tab (that allows the user to select parameters 

required to calculate energy) (87). 

 



 

Materials and Methods  

 

 26 
 

3.5.4. Structure generation 

The structure was generated by collecting the canonical SMILES from 

PubChem. The canonical SMILES were uploaded in the translator and .pdb and 3D 

output were selected. The output generates the structure of the desired protein. 

 

3.5.5. Validation of protein 

 

The protein templates were validated with a Ramachandran plot using SWISS-

MODEL and Discovery Studio (88,89). The bond angle and four quadrants are shown 

in the Ramachandran plot. The Ramachandran plot signifies “allowed regions” and 

“disallowed regions” geometry. Once the valency is full and new molecules that can 

bind and place where no new molecules can bind. 

 

3.5.6. Homology modelling 

 

The sequence was retrieved from UniProt and .pdf format was used to save the 

protein template. Homology modelling was conducted for the template using SWISS-

MODEL and Phyre2 (90). 

 

3.5.7. Protein optimization 

 

The proteins were optimized by AutoDock tools. The water molecules were 

removed, and hydrogen molecules were added. The file was saved in .pdb format 

(91). 
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3.5.8. Molecular Docking 

 

The analysis of proteins with TQ was conducted using the molecular docking 

software PATCHDOCK. The proteins and ligands must be uploaded in .pdf format in 

the software. The RMSD was set at ≤1.5 A°. The results are obtained by adding the 

email address. The results demonstrate major binding sites along with their ACE (92). 

 

3.5.9. Ligand and protein visualization 

 

The ligand and receptor interaction were visualized using Discovery Studio. 

The .pdf file was uploaded to Discovery Studio (93). The images were saved for 

ligand interaction analysis. 
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4. RESULTS 

4.1. TQ inhibits cell survival and proliferation  

 

The cytotoxicity of TQ was primarily modulated in the L929 fibroblasts with 

different concentrations. The cytotoxicity was obtained at 8 µM for CDDP and 18 µM 

for TQ (Fig. 2). The impact of TQ on the viability of PA-1 cells was determined by a 

range of concentrations and treatment durations. As shown in (Fig. 3), TQ treatment 

resulted in concentration and time-dependent cytotoxicity of PA-1 cells. The IC50 

values of TQ were determined to be 7 µM, 14 µM, and 21 µM for 24 h, 48 h, and 72 h 

of treatment, respectively, and these concentrations were used for subsequent 

experiments. Statistical analysis revealed observations of high significance when 

compared (***p <0.0001). 

 
 

Fig. 2:  Illustration of L929 cytotoxicity after treatment series of concentration 

with CDDP and TQ for 24 h, 48 h, and 72 h. 
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IC50 obtained for CDDP was 8 µM/mL and TQ was 18 µM/mL. The data is 

represented as mean ± S.D. and the IC50 values were calculated. The significance is 

indicated at ***p <0.0001. 

 

 

Fig. 3:  Illustration of PA-1 cytotoxicity after treatment series of concentration 

with TQ for 24 h, 48 h, and 72 h. 

 

The data is represented as mean ± S.D. and the IC50 values were calculated. The 

significance is indicated at ***p <0.0001.   
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4.2. TQ leads to a decrease in the mitochondrial membrane potential  

 

The fluorescent microscope was used to observe the change in MMP [M (∆ 

Ψ)] of the cells following treatment with TQ at various concentrations. The change in  

∆Ψm was assessed by fluorescent microscopy using Rh-123 dye. After 24 h of 

treatment, the untreated PA-1 showed an increased level of green fluorescence. This 

signifies that the mitochondrial membranes remained intact. The treated cells had a 

shrinkage in the level of fluorescence intensity. This reduction in fluorescence 

intensity is indicative of mitochondrial dysfunction (Fig. 4). 

 

 

Fig. 4:  The fluorescence microscope image analysis of MMP in PA-1 cells. 
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The images provided correspond to different treatment conditions: [A] Control 

(untreated cells), [B] 7 µM/mL of TQ, [C] 14 µM/mL of TQ, and [D] 21 µM/mL of 

TQ. Additionally, [E] represents the percentage of fluorescence intensity. The data is 

presented as mean ± S.D. The significance between control and treated cells is 

indicated as ***p <0.0001, **p <0.001, and *p <0.05. These statistical values 

demonstrate the level of significance in the observed changes when compared to the 

control group. 

 

4.3. PA-1 displays increased sensitivity in response to TQ 

 

After subjecting the cells to TQ treatment, apoptotic nuclear changes were 

analyzed through DAPI staining (Fig. 5). The untreated cells displayed an even 

distribution of the stain and presented brighter fluorescence with intact nuclear 

material upon examining the images. However, the TQ-treated cells exhibited reduced 

fluorescence compared to the untreated cells, accompanied by cellular blebbing of the 

membrane, the disintegration of the nuclear membrane, and the presence of apoptotic 

bodies. Therefore, the administration of TQ induced cell death in PA-1. 
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Fig. 5:  Representation of DAPI staining by fluorescence microscopy. 

 

The images display the morphological changes in the cells after treatment. The 

observed changes in the images are nuclear protrusions (white arrows), nuclear 

condensation (red arrows), nuclear disintegration (yellow arrows), and the presence of 

apoptotic bodies (white circles). These visual cues are common indicators of 

apoptosis, strongly suggesting programmed cell death in the cells. The images above 

characterize: [A] Control (untreated cells), [B] 7 µM/mL, [C] 14 µM/mL, and [D] 21 

µM/mL of TQ. 
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4.4. TQ leads to apoptosis in PA-1 

 

To determine the extent of cell apoptosis, Annexin V treatment was performed 

before analysis, and the results depicted in Fig. 6 show an increased apoptosis, 

following the treatment with 14 µM TQ compared to the control. The untreated cells 

exhibited a live fraction of 99.6% with a proportion of 0.19% dead cells. While 

0.012% and 0.16% were observed for early and late apoptosis, respectively. These 

findings indicate a notable rise in apoptosis after being incubated with the 

compounds. This consequently decreased the proportion of viable cells. The treated 

cells exhibited a viability of 66.0% and a proportion of dead cells at 0.033%. This 

demonstrates cell death after TQ treatment. Conversely, the untreated cells 

demonstrated negligible amounts of early and late apoptosis compared to the treated 

cells. The significance of the experiments was found at *p <0.05 (Fig. 6). 

 

 

Fig. 6: The apoptosis histogram in PA-1 cells after TQ. 
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The images depict: [A] Control, [B] Cells treated with 14 µM of TQ and [C] The bar 

graph represents the live, dead, early, and late apoptotic cells. Data is represented 

mean ± S.D. for all three experiments. The significant difference is indicated as ***p 

<0.0001 between control cells vs treated.  

 

4.5. PA-1 cells gene expressions were altered by TQ  

 

TQ was treated at concentrations of 7 µM, 14 µM, and 21 µM on PA-1 cells. 

The changes in PIK3CA/B, RAD51, and BRAC1/2 expressions were observed. 

RAD51 and BRAC1/2 expressions were reduced post-treatment. Although, post-

treatment PIK3CA/B were upregulated. Mutations and over-expression of these genes 

are often observed in OvCa. The expression of PIK3CA/B was significantly increased 

after 48 h of TQ treatment. The minimal change expression observed in PA-1 was 

after 24 h. However, in the case of RAD51 and BRCA1/2, there was a significant 

reduction in their expression after 24 h of treatment. Interestingly, this expression 

level increased and then decreased again after 48 h and 72 h of treatment (Fig. 7). 
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Fig. 7: The RT-PCR gene expression after treatment for [A] PIK3CA [B] 

PIK3CB [C] RAD51 [D] BRCA1 and [E] BRCA2. 

 

The mean ± S.D. of the gene expression for all three experiments is seen in the graph. 

The significance is indicated as ***p <0.0001, **p <0.001, *p <0.05 between control 

cells vs treated. 

 

4.6. CDDP- resistance development in SKOV-3 

 

The development of CDDP resistance was analyzed by the increasing IC50 

concentration and cell viability estimation after every dose. The IC50 for parent 

SKOV-3 was separately noted and calculated. The drug-resistant cell is mentioned as 
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R_SKOV-3 in further analysis. The IC50 obtained for parental SKOV-3 was 3 µM 

and the R_SKOV-3 displayed IC50 at 6 µM. The resistance was developed till 10 µM 

and maintained for performing the subsequent assays. The development is shown in 

(Fig. 8).  

 

 

Fig. 8: CDDP resistance development in SKOV-3 cell lines. 

 

The images above represent: [A] Treatment of CDDP with 0.4 µM/mL on SKOV-3 

cells lines [B] 0.8 µM/mL [C] 1.2 µM/mL [D] 2 µM/mL [E] 3 µM/mL [F] 4 µM/mL 

[G] 5 µM/mL [H] 6 µM/mL [I] 10 µM/mL of CDDP respectively. [J] The present cell 

growth of R_SKOV-3. 
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4.7. TQ displays anti-proliferative effects  

 

MTT assay was performed on SKOV-3 and R_SKOV-3 cells in a manner 

dependent on both time and concentration (Fig. 9). IC50 values for CDDP and TQ of 

SKOV-3 were determined at 2 µM and 16 µM, and 3 µM and 14 µM, respectively, 

after exposure for 24 h and 48 h. Further experiments were conducted using the 48 h 

IC50 values. After resistance development, the IC50 value for CDDP was found to be 

6 µM, while TQ was 14 µM for R_SKOV-3 cells. Apoptotic activities of the 

compounds were assessed in both SKOV-3 and R_SKOV-3 cell lines in subsequent 

assays. 

 

 

Fig. 9: Illustration of CDDP and TQ treatment for 24 h and 48 h of cytotoxicity 

in SKOV-3 and R_SKOV-3. (R_SKOV-3 is resistant CDDP cell lines). 
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The IC50 in SKOV-3 for CDDP was 3 μM/mL and TQ was 14 μM/mL. The IC50 in 

R_SKOV-3 for CDDP was 6 μM/mL and TQ was 14 μM/mL. [TQ24 = Treatment of 

SKOV-3 with TQ for 24h; CIS24 = Treatment of SKOV-3 with CDDP for 24h; TQ48 

= Treatment of SKOV-3 with TQ for 48h; CIS48 = Treatment of SKOV-3 with 

CDDP for 48h; RTQ24 = Treatment of CDDP-R_SKOV-3 with TQ for 24h; RCIS24 

= Treatment of CDDP- R_SKOV-3 with CDDP for 24h; RTQ48 = Treatment of 

CDDP- R_SKOV-3 with TQ for 48h; RCIS48 = Treatment of CDDP- R_SKOV-3 

with CDDP for 48h]. 

 

4.8. TQ induces dysfunction of mitochondria  

 

The leakage of Rh-123 dye indicates organelle expansions and mitochondrial 

dysfunction, ∆Ψm. Significant changes in MMP were observed in SKOV-3 cells 

following treatment with TQ resulting in the highest level of depolarization. CDDP 

treatment did not show significant depolarization in R_SKOV-3 cells, but TQ 

remained effective (Fig. 10). 
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Fig. 10:  SKOV-3 and R_SKOV-3 evaluation of MMP. 

 

The figure displays: [A] The untreated SKOV-3, [B] 3 µM/mL of CDDP, [C] 14 

µM/mL of TQ, [D] R_SKOV-3 untreated cells, [E] 6 µM/mL of CDDP, [F] 14 

µM/mL of TQ and [G] The bar graph represents the percentage of fluorescence 

intensity in the groups. Data are expressed as mean ± S.D. The significance is 

indicated as ***p <0.0001, **p <0.001, and *p <0.05.   
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4.9. TQ stimulates changes in the morphology  

 

 DAPI staining was used to observe the modification in the nuclear 

structure, post-treatment in both the cells. The indications of apoptosis were well 

established by DAPI staining. The nuclei of the cells exhibited condensation and 

fragmentation, blebbing membranes, and apoptotic bodies. The changes in the nuclear 

material are clearly shown in (Fig. 11), further implying that apoptosis is induced by 

TQ treatment. The untreated cells did not show any significant morphological 

changes. 

 

 

Fig. 11:  Representation of DAPI staining fluorescent images. 
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The images depict the following: [A] Untreated SKOV-3 cells, showing intact nuclei 

and high fluorescence intensity, [B] 3 µM/mL of CDDP treatment on cells, [C] 

SKOV-3 treated with 14 µM/mL of TQ, [D] Untreated R_SKOV-3 cells, [E] 6 

µM/mL of CDDP and [F] 14 µM/mL of TQ. The images provide visual 

representations of the different cellular responses to the treatments. The changes in 

nuclear morphology and fluorescence intensity in response to the respective 

treatments were observed. The images indicate nuclear membrane blebbing (white 

arrows) and apoptotic body formation (white circles), nuclear condensation (red 

arrows), and nuclear fragmentation (yellow arrows).  

 

4.10. TQ causes apoptosis in SKOV-3 

 

The SKOV-3 showed an increase in apoptosis after the treatment of 14µM TQ 

as associated with the control. The control cells had 99.9% live, 3.0% early, and 0.3% 

late apoptotic cells, respectively. Correspondingly, SKOV-3 was treated with CDDP 

hence the proportion of early apoptosis was 20.3%. The late apoptosis was 7.25% and 

the live and dead proportion was 72.4% and 0.09% respectively. In the TQ-treated 

SKOV-3, the live and death percentage was 76.0% and 7.21%. Nevertheless, the 

apoptosis in the early and late stages was 6.23% and 10.5%. Correspondingly, in 

R_SKOV-3 control cells, 84.7% were the live cells and 0.14% were the dead cells. 

7.32% were the early apoptotic and 7.88% were the late apoptotic cells. The CDDP-

treated R_SKOV-3 cells displayed 5.14% and 0.47% of early and late apoptotic cells 

while 94.1% live and 7.21% of dead cells. Similarly, in TQ treated R_SKOV-3 cells, 

the live cells were 76.0% and dead cells were 7.21% and 10.5% early and 6.23% late 

apoptotic cells were observed. The late and early apoptotic changes in the treated and 
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untreated cells were negligible. The significant difference was calculated to be 

***p<0.0001 for the findings (Fig. 12). 

 

 

 

Fig. 12: The apoptosis histogram in SKOV-3 and R_SKOV-3 cells after TQ 

treatment. 

The images show: [A] Untreated control SKOV-3, [B] 3 µM of CDDP treated on 

SKOV-3, [C] 14 µM of TQ treated on SKOV-3, [D] Untreated control R_SKOV-3, 

[E] 6 µM of CDDP, [F] 14 µM of TQ and [G] The bar graph represents stages of 

apoptotic cells. Data is mean ± S.D. for all experiments. The significance is 

designated at ***p <0.0001, **p <0.001, *p <0.05.  
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4.11. The modulation in the expression of SKOV-3 

 

The changes in the expression of PIK3CA/B, RAD51, and BRCA1/2 were 

observed in both cells. The expression of PIK3CA/B, RAD51, and BRAC1/2 was 

downregulated after the treatment. The expression was compared with the control 

Similarly, in R_SKOV-3 there was significant down-regulation of the above-

mentioned genes. Represented in (Fig. 13). 

 

 

 

Fig. 13: The RT-PCR gene expression analysis in SKOV-3 and R_SKOV-3. 
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The images display: [A] PIK3CA, [B] PIK3CB, [C] RAD51, [D] BRCA1 and [E] 

BRCA2 gene expression. The results are presented as mean ± S.D. of the gene 

expression. The significance is indicated with ***p <0.001, **p <0.01 and *p <0.05. 

 

4.12. Post-exposure to TQ reduces the colony formation  

 

 In this study, the cell population of SKOV-3 and R_SKOV-3 cells 

were compared to the control group after treatment. The results post-treatment of TQ 

significantly decreased the colonies in both cell lines. In SKOV-3, the cells formed 96 

colonies after 14 days. The number of colonies gradually decreased with an increase 

in the duration of exposure to TQ. In CDDP treated, the number of colonies in 

SKOV-3 after 14 days was 98. The cells exhibited a maximum of 94 colonies after 14 

days of TQ treatment. In contrast, the untreated R_SKOV-3 produced a maximum of 

93 colonies after 14 days. In CDDP treated R_SKOV-3, the colonies were 92 after 14 

days. In R_SKOV-3, the cells produced 90 colonies after TQ treatment. The statistical 

significance of the decrease in the number of colonies formed in CDPP and TQ. 

These were compared to the corresponding untreated cells and specified as ***p < 

0.0001, **p <0.01, and *p <0.05 (Fig. 14). 
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Fig. 14:  Representation of colony formation assay after exposure to TQ and 

CDDP. 

The images show [A] Controls were untreated SKOV-3, [B] 3 µM/mL CDDP treated 

on SKOV-3 and [C] 14 µM/mL TQ treated on SKOV-3. [D] R_SKOV-3 Control, [E] 

6 µM/mL CDDP treated on R_SKOV-3 and [F] 14 µM/mL TQ treated on R_SKOV-

3. [G] The bar graph shows colony growth in CDDP and TQ. The graph represents 

data expressed as mean ± S.D. The significance is implied as ***p <0.0001, **p 

<0.01 and *p <0.05. 
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4.13. The effect of TQ on cell migration/ scratch assay 

 

The confluent monolayer of cells was analyzed for wound closure in both SKOV-3 

and R_SKOV-3. Both the untreated cells had a maximum quantity of migrated cells 

after 24 h post-treatment. Correspondingly, after 12 h and 24 h, the cells had a good 

capacity of cells migrated from the original wound. (Fig. 15 and 16). 

 

 

Fig 15: The wound healing/scratch assay in SKOV-3. 

The images show: [A] Control - 0 h [B] CDDP - 0 h [C] TQ - 0 h [D] Control - 12 h 

[E] CDDP - 12 h [F] TQ - 12 h [G] Control - 24 h [H] CDDP - 24 h [I] TQ - 24 h and 

[J] The bar graph represents the wound closure percentage. The data show the mean ± 

S.D. of three independent experiments with significance indicated at ***p <0.0001. 
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Fig 16: The wound healing/scratch assay in R_SKOV-3. 

The images show: [A] Control - 0 h. [B] CDDP - 0 h. [C] TQ - 0 h. [D] Control - 12 

h. [E] CDDP - 12 h. [F] TQ - 12 h. [G] Control - 24 h. [H] CDDP - 24 h. [I] TQ - 24 h 

and [J] The bar graph represents the wound closure percentage. The data represents 

the average ± SD of three independent experiments. Statistical significance is 

indicated at ***p <0.0001. 
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4.14. The expression of proteins is modulated by TQ 

 

The expression of Bcl-2 in SKOV-3 cells was significantly affected after 

treatment with TQ and CDDP, suggesting pro-apoptotic effects. This implies that the 

treatment led to changes in Bcl-2 levels, which are associated with promoting 

apoptosis in the cells. In contrast, the results showed a reduction of Bcl-2 expression 

in R_SKOV-3 cells. Additionally, p53 is a tumour-suppressor that is frequently 

reduced in the cancer micro-environment, promoting tumour progression, and its gene 

is often mutated in cancers, contributing to drug resistance. Treatment with TQ and 

CDDP led to a slight upregulation of p53 in SKOV-3 cells, while an increase in p53 

expression was observed significantly in response to TQ treatment in R_SKOV-3 

cells, with minimal effects observed in CDDP and control cells. These findings 

demonstrate that TQ regulates the expression of apoptotic proteins in OvCa cells. 

Therefore, suggesting its potential efficacy against drug-resistant cancer cells (Fig. 

17). 

 

 

Fig. 17:  Representation of western blotting analysis. 
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The images display: [A] Bcl-2 and p53 expressions in SKOV-3 cells. [B] Bcl-2 and 

p53 expressions in R_SKOV-3 cells.  

 

4.15. Mutagenicity tests for CDDP and TQ 

 

The Ames test is a well-established and widely accepted bacterial assay used 

to detect the mutagenic potential of substances. It is specifically designed to evaluate 

the ability of a chemical to induce mutations in pathogenic bacteria. Our results 

showed maximum mutagenic activity at 20 µM/mL of CDDP while TQ showed 

activity at 100 µM/mL.  

 

 

Fig 18: Representation of AMES Test assessed on S. typhimurium. 
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The images above represent:  [A] Control - autoclaved H2O, [B] 2 µM/mL, [C] 3 

µM/mL, [D] 10 µM/mL of CDDP respectively, [E] Control - DMSO, [F] 20 µM/mL, 

[G] 30 µM/mL, and [H] 100 µM/mL CDDP, respectively. 

 

 

Fig 19: Representation of AMES Test assessed on S. typhimurium. 

 

The images above represent: [A] Control - autoclaved H2O, [B] TQ - 2 µM/mL, [C] 3 

µM/mL, [D] 10 µM/mL of TQ, [E] Control - DMSO, [F] 20 µM/mL, [G] 30 µM/mL 

and [H] 100 µM/mL of TQ, respectively. 
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4.16. 3D structure generation for TQ 

 

The online SMILES converter and generator were utilized to generate the 3D 

structure of TQ, which was subsequently optimized in Discovery Studio and 

Avogadro software. The optimized structure was subjected to energy minimization, 

resulting in a calculated energy of 16.993 KJ/mol in Avogadro software (Fig. 20 and 

21). 

 

Fig. 20: Optimization of TQ. 

 

[A] Data on TQ from PubChem and [B] Optimization of geometry and energy 

calculation in Avogadro software. The red circle shows energy minimalization, E= 

16.933 KJ/mol. 
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Fig. 21: The optimization using AutoDock Tools.  

The images display [A] Screenshot from AutoDock Tools [B] Protein optimization 

through the removal of water molecules and the addition of polar hydrogens. 

 

4.17. Homology modelling of the proteins 

 

The 3D structures of the proteins and their specific regions were obtained 

using the Phyre2 Protein folds recognition server and Swiss-Model Interactive 

Workspace as the modelling software. The whole protein structure of Bax was 

matched on Phyre2 with the 1f16a template (100% confidence and % I. D) of PDB 

and was also built by the Swiss Model with the template 4s0o.1.An of PDB, which 
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had 99.48% sequence identity of the Apoptosis regulator box. The Phyre2 match with 

1f16a was conducted using the Bax isoform alpha and was also utilized for docking. 

Swiss-Model further provided built models for the domains BH1/2/3, which were 

subjected to MolProbity validations for the structures along with Ramachandran Plots 

(Fig. 22). Similarly, the structures for other proteins were generated using Swiss-

Model and Phyre2. 

 

 

 

Fig. 22: [A] Bax structure prediction from Phyre2 [B] Swiss-Model and [C] 

Ramachandran Plot of Bax-BH1 with the built structure. 
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4.18. Molecular docking and visualization  

 

After molecular docking with PatchDock, only the solutions that displayed 

conventional hydrogen bonds and Carbon-Hydrogen bonds were selected for further 

analysis. The interactions between the amino acids and TQ were recorded in Table 1 

after screening with Discovery Studio. It was observed that these interactions were 

concentrated in specific domains such as BH (in Bax and Bcl-2), CARD, SH2, and 

DNA binding domains, which play crucial roles in apoptotic activities and are often 

targeted by chemotherapeutic drugs (Table. 2). Hydrophobic interactions were 

ignored during the analysis. Additionally, Ramachandran Plot validations of the 

protein structures after docking were obtained from Discovery Studio (Fig. 23). The 

selected solutions with conventional hydrogen bonds and Carbon-Hydrogen bonds are 

depicted in (Fig. 24). 
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Fig.  23: Interactions between TQ and receptors. 

[A] (i) Bax-BH1 domain in 3D (ii) 2D, [B] (i) Bcl-2 in 3D (ii) 2D, [C] (i) p53 in 3D 

(ii) 2D, [D] (i) STAT3 in 3D (ii) 2D, [E] (i) Caspase-3 p12 subunit in 3D (ii) 2D, and 

[F] (i) Caspase-9 CARD domain in 3D (ii) 2D as visualized in Discovery Studio. 
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Fig. 24: Ramachandran Plots of the following proteins after docking with TQ and 

visualization in Discovery Studio: (a) Bax (b) p53 (c) Caspase-9. 
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(a) Bax 

Residue Bond length ACE 

Asp84 2.783 -100.27 

Leu120 3.723 -114.27 

Lys123 2.896 -44.47 

Cys126 2.684 -53.99 

Ala97 3.319 -114.86 

Trp158 2.871 -87.32 

Glu75 3.010 -50.42 

Lys57 2.983 -24.52 

Bax isoform alpha 

Asp84 2.806 -93.89 

Lys119 2.353 

BH3 
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(b) Bcl-2 

Residue Bond length ACE 

His186 3.035 -126.92 

Asn11 2.622 -97.59 

Leu86 3.042 -106.66 

Gly33 1.724 -92.08 

Pro71 3.778 -92.08 

Ser87 2.844 -132.37 

Cys158 2.530 -134.35 

Arg127 3.661 -150.85 

Gly155 3.619 -114.03 

His120 2.090 -71.38 

Ser105 1.854 -88.38 

His20 2.98 -86.41 

 

 

 

 

 

 

 

BH1 

BH4 

BH3 
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(c) p53 

Residue Bond length ACE 

Cys238 2.652 -194.90 

Cys135 3.380 -207.54 

Tyr234 1.697 -187.88 

Met237 2.894 -196.94 

Ala161 2.904 -186.72 

Arg174 3.610 -57.170 

Arg280 2.763 -28.70 

Arg282 2.813 -34.71 

Ser240 2.118 91.22 

Ser106 2.437 -54.88 
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(d) STAT3 

Residue Bond length ACE 

Leu438 2.410 -100.39 

Arg379 2.519 -59.37 

Leu312 2.960 -123.10 

His311 2.850 -140.02 

Leu252 2.491 -133.07 

Arg609 2.446 -104.86 

Pro669 3.150 -112.93 

Gln644 2.771 -98.46 

 

 

 

 

 

 

 

SH2 
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(e) Caspase-3 

Residue Bond length ACE 

Trp214 1.965 -115.37 

Tyr204 2.516 -113.17 

Phe250 1.784 -125.17 

Asn208 3.674 -115.37 

Arg64 2.572 -23.37 

Gln161 2.503 -23.37 

His121 1.908 -78.47 

Ser150 2.693 -130.52 

Arg144 2.572 -129.56 

 

 

 

 

 

 

 

 

 

P17 
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(f) Caspase-9 

Residue Bond length ACE 

Gln21 2.797 -96.40 

Thr337 3.305 -89.46 

Tyr345 2.121 -106.85 

Gly350 2.350 -70.98 

Pro349 3.654 -70.98 

 

Table 2: Interactions of TQ with (a) Bax, (b)Bcl-2, (c) p53, (d) STAT3, (e) Caspase 3 

and (f) Caspase 9 with their bond lengths (A°) and ACE in kcal/mol. 
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5. DISCUSSION 

Cancer is a severe and complex disease that affects people worldwide. It is 

alarming to note that the incidence of cancer is increasing, with the risk of incidence 

for women and men being 1 in 10 and 1 in 8, respectively. OvCa is particularly 

challenging due to its late diagnosis and poor prognosis. Despite the use of CDDP, 

carboplatin, and paclitaxel as treatment strategies, chemoresistance remains a 

significant issue, leading to relapse and reduced survival rates. Therefore, it is 

essential to explore new strategies such as PARPi therapy, nanoparticles mediated 

delivery, immunotherapies including combinatorial approaches, to overcome drug 

resistance. The use of plant-derived materials in chemotherapy is a promising avenue 

for research, as PCs have shown anti-cancer, anti-inflammatory and anti-microbial 

properties with minimal side effects. These materials could potentially reduce the 

toxicity of chemotherapeutic agents and improve patient outcomes. Finding 

substantial biomarkers and targeting pathways at the genomic or transcriptomics level 

would also help in developing more effective treatments for OvCa. Therefore, 

continued research into new and innovative treatment strategies is crucial to 

improving the prognosis and overall survival rates of patients with OvCa. 

 

As summarized in the results for PA-1 cells, the effectiveness of potential 

compounds in battling cancer is determined by their ability to inhibit cell 

proliferation. The MTT assay is a method used to measure the formazan product in 

the viable cells converted by MTT reagent. The wavelength of the cells is detected at 

570nm (94). In this investigation, a time dependent MTT assay evaluated the toxic 

effects of TQ after 24 h, 48 h, and 72 h of exposure. The results showed that TQ was 
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the most effective after 48 h and 72 h of incubation, and the toxicity increased as the 

concentration of TQ was raised (Fig. 2/3).  

 

A change in MMP (∆Ψm) and alterations in nuclear morphology are 

indicative of early apoptosis. The collapse of MMP can be observed by using 

Rhodamine 123 staining and examining the cells under a fluorescence microscope. In 

this study, it was observed that the untreated cells displayed the highest intensity of 

Rhodamine 123, indicating the presence of an intact MMP (95). Conversely, the loss 

of MMP in treated cells resulted in the leakage of the dye, leading to a concentration-

dependent reduction in intensity. The cells were treated with the IC50 values 

determined for different time ranges and the statistically significant were analyzed, as 

shown in (Fig. 4). After observing changes in the MMP, the study also examined 

nuclear changes as indicators of apoptosis. 

 

Changes in nuclear morphology like fragmentation and condensation have 

been widely acknowledged in literature to characterize apoptosis. These are valuable 

markers to evaluate the effects of drug treatments (96). Apoptosis-induced nuclear 

changes were demonstrated by treating the cells with TQ and subsequently staining 

them with DAPI. The higher concentrations of TQ resulted in noticeable nuclear 

transformations and the formation of apoptotic fragments (Fig. 5).  

 

Flow cytometry was employed to quantify the cell death induced in PA-1 cells 

treated with TQ. This was achieved by staining the damaged cells with FITC, 

allowing for the precise measurement of apoptotic cell populations. In these cells, the 

exposure of phosphatidylserine from the inner membrane occurs during early 
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apoptosis. This exposed phosphatidylserine interacts with Annexin V-FITC, serving 

as an indicator for early apoptosis (Dai, Huang, and He 2015). With further damage, 

the integrity of the cell membrane is compromised, allowing PI to enter the cells and 

stain the DNA. This staining of DNA by PI serves as an indicator of late apoptosis or 

necrosis (98). The percentage of apoptotic cells is displayed in the four quadrants 

(Fig. 6).  

 

The study also examined the impact of our PC of interest, gene expression that 

has been implicated in the growth and progression of OvCa. These provide insights 

into important pathways that necessitate further investigation. One such set of genes is 

PIK3CA/B, which plays a significant role in various cancers, including OvCa. These 

genetic expressions induced by TQ show that valuable information can be obtained 

regarding their involvement in OvCa pathogenesis and progression (99–101). TQ has 

been recognized for its ability to inhibit the expression of PI3KCA/B genes, which 

consequently leads to the blockade of the PIK3/AKT pathway (102,103). In OvCa, it 

has been that there is an increased occurrence of amplified copy numbers of 

PIK3CA/B genes (104,105). These genes are known to contribute to cancer-

promoting pathways and play a significant role in the progression of OvCa (101). 

Although PIK3CA/B genes are associated with the proliferation of cancer cells and 

aiding in evading apoptosis. The results of this study revealed the inverse findings. 

Despite promoting apoptosis in PA-1 cells, TQ did not downregulate the expression 

of PIK3CA/B genes. This might suggest that TQ induces apoptosis through a 

mechanism independent of the PI3K pathway. However, the reason for the 

contradictory results achieved in this cell line is unknown. Additionally, the 

expression RAD51 provides insights into the resistance mechanisms employed by the 
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cells. This study revealed that the administration of TQ boosted the expression of 

BRCA1/2 (Fig. 7). This, however, indicates that TQ possesses potent anti-cancer 

properties against both OvCa cells (104,105).  

 

To understand the potential anti-cancer properties of TQ in the SK OV-3 cells, 

it is crucial to assess their impact on cell proliferation. We conducted a time 

dependent MTT assay to investigate the cytotoxic effects of TQ after 24 h and 48 h 

(Fig. 9). CDDP is classified as an alkylating agent that interacts with DNA by 

forming intrastrand crosslinks and DNA adducts. These interactions result in various 

modifications to the DNA structure, ultimately leading to the induction of apoptosis 

(71). After analyzing the cytotoxicity, CDDP-resistant SKOV-3 cells were developed, 

and further supporting assays were assessed. The change in the IC50 value post-

exposure proves CDDP resistance. The newly developed cells were mentioned as 

R_SKOV-3 cells (Fig. 8). 

 

The process of programmed cell death can be triggered by alterations in the 

MMP (∆Ψm). When there is a change in the MMP, it can result in damage to the 

mitochondrial membrane and the subsequent release of cytochrome c, which 

ultimately initiates apoptosis (106). SKOV-3 and R_SKOV-3 showed a reduction in 

the intensity post-treatment with TQ and CDDP. The leakage of the dye shows 

mitochondrial and organelle dysfunction, which is led by TQ (Fig. 10) (107). The 

nuclear changes and apoptosis as stated above were assessed by DAPI and flow 

cytometry (96,97). The characteristic changes associated with apoptosis were 

observed in both cell populations. The apoptotic stages were detected and 

distinguished after PI staining (Fig. 11/12).  
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RAD51 was increased in OvCa and acts as a marker for malignancy. Due to 

its importance as a cancer-causing gene in OvCa, researchers are focusing on 

developing treatments that target RAD51. Multiple studies are currently exploring 

different inhibitors for this purpose. Furthermore, the role of RAD51 in DNA repair 

mechanisms and drug resistance of cancer cells is a valuable indicator of how 

responsive they will be to treatment. It is worth mentioning that RAD51 interacts 

directly with the BRCA1/2 genes to support DNA replication and repair functions 

(104,105). In this study, it was observed that PIK3CA, RAD51, and BRCA1/2 

expressions were reduced after 24 h of incubation with TQ (Fig. 13). This highlights 

the sensitizing effect of TQ on OvCa cells, indicating its potential to enhance the 

response of these cells to treatment. Similar findings have been documented in 

previous research, indicating that TQ reduces the ability of these cancer cells to repair 

and replicate themselves. Nevertheless, the mechanism of the genes particularly in 

OvCa is paradoxical (108). 

 

The clonogenic assay was used to assess the survival and proliferative 

potential of individual cells. This method relies on the ability of a single cell to 

proliferate and eventually form a visible colony. The colony formation assay is widely 

preferred as the primary method for evaluating cell reproductive death following 

exposure to chemotherapeutic drugs. However, it can also be utilized to assess the 

efficacy of various other cytotoxic agents. This assay allows for the measurement of 

cell survival and the ability of treated cells to form colonies, providing valuable 

insights into the effectiveness of different treatments (109). After extended exposure 

to CDDP and TQ for 14 days, the colony formation in both cells was reduced in a 

dose-dependent method (Fig. 14). This indicated that in the presence of TQ, the 
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ability of SKOV-3 to proliferate decreases thereby corroborating the anti-cancer 

property of the compound (110). 

 

Wound healing is an intricate process at the cellular and biochemical levels 

and is essential for the restoration of damaged tissue. It entails dynamic interactions 

and communication between different types of cells, as well as interactions with 

molecules in the ECM. Additionally, it involves the controlled production of soluble 

mediators and cytokines. After the scratch in the plate, the cells migrate to the cell-

free area subsequently closing the scratch. The reduced area is measured depending 

on the duration of exposure (80). The cell-free area was reduced but there was no 

significant difference observed after 24h (Fig. 15/16).  

 

The separation and identification of protein is assessed by Western blotting. 

The proteins are subsequently transferred onto a membrane, resulting in the formation 

of bands corresponding to each protein. Thereafter, the membrane was subjected to an 

incubation process with labelled antibodies that specifically targeted the protein of 

interest. The proteins are visible in the specific range and thickness after the 

antibodies bind to the protein (83). The Bcl-2 family serves as a key component of the 

apoptotic signalling network and in OvCa resistance. Originally identified as 

important factors in follicular lymphomas, the members of the Bcl-2 family have 

since been recognized as significant contributors to the chemoresistance in OvCa. The 

members of the Bcl-2 family can extend the lifespan of tumour cells in 

haematological cancers, thereby playing a substantial role in the development of 

tumours. By promoting cell survival, these Bcl-2 proteins contribute to the process of 

tumorigenesis (111). Our findings demonstrated that the administration of TQ and 
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CDDP in SKOV-3 cells alters Bcl-2 expression compared to the control group. This 

indicates the pro-apoptotic effects of the cells post-treatment. Conversely, in 

R_SKOV-3 cells, Bcl-2 expression significantly lessened following TQ treatment. 

The tumor suppressor gene, p53 takes part in cellular processes and is a 

transcriptional regulator. p53 can activate DNA repair proteins in response to DNA 

damage. It can also arrest cell growth by halting the progression of the cell cycle at 

the G1/S transition, which provides time for DNA repair to occur. Additionally, p53 

can trigger apoptosis in OvCa cells (112). In SKOV-3 cells, p53 expression was 

slightly upregulated following treatment with the compounds. The resistant cells 

exhibited an increased p53 expression in response to TQ treatment. However, the 

increase was nominal in the CDDP and control cells. This suggests that TQ regulates 

apoptotic proteins in OvCa cells and demonstrates its effectiveness in resistant cells 

(Fig. 17).  

 

Experiments conducted with S. typhimurium serve to evaluate the potential of 

a chemical substance (TQ and CDDP) to induce frameshift and missense mutations. 

These can be correlated with the carcinogenicity observed in higher organisms. Based 

on our test results, both CDDP and TQ showed mutagenicity at higher concentrations 

(Fig. 18/19). Additional investigations beyond the Ames Test screening are required 

to confirm the effects which are mentioned above (84,85). 

 

TQ studies have indicated its ability to inhibit STAT3 and Bcl-2, while 

simultaneously elevating the Bax, p53, and Caspases-3/9 expressions. These effects 

suggest that TQ has the potential to modulate key cellular pathways involved in 

cancer progression, apoptosis, and the regulation of anti-apoptotic proteins. There are 
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similar observations in OvCa, and modulation are shown after treatment with TQ. The 

interaction of TQ with these proteins can be proven to have anti-proliferative effects. 

TQ has shown indications of being ineffective in the treatment of CDDP-resistant 

cancers. Therefore, our focus was to investigate the activities of TQ specifically in 

OvCa, to understand its potential efficacy or limitations in combating CDDP 

resistance (113).  

 

The study aimed to examine the general interactions of TQ with these cancer 

proteins. To accomplish this, the PatchDock server was employed with default 

settings for grid parameters and flexibility within the server algorithm for docking 

simulations. The analysis for the potential binding and interaction patterns between 

TQ and the target proteins of interest was detected (114). Performing molecular 

docking of the protein targets expressed in both OvCa and its resistant cell types can 

provide a deeper comprehension of their mechanisms. This approach allows us to 

investigate the specific amino acids and regions involved in the interaction between 

these proteins and anti-cancer compounds such as TQ. By studying these interactions 

at a molecular level, the molecular basis of their effectiveness or resistance thereby 

enhances our understanding of the underlying mechanisms involved. 

 

In this study, molecular docking was conducted using various software tools, 

including PatchDock, AutoDock Tools, SwissModel, and Discovery Studio. 

PatchDock was utilized to score the docking solutions, evaluating the geometric 

complementarity between the ligand (TQ) and the proteins of interest, which were 

provided as .pdb files. AutoDock Tools, SwissModel, and Discovery Studio likely 

played additional roles in preparing the protein structures, refining the docking 
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process, and analyzing the resulting complexes. These software tools collectively 

facilitated the investigation of the interaction between TQ and the target proteins 

(115). The least ACE values and H-bond interaction were recorded (Table. 2).  

 

The significant interactions between TQ and Bcl-2 were recorded. The 

strongest binding energy recorded was -150.85 Kcal/mol, indicating a favourable 

affinity between TQ and Bcl-2. Additionally, a conventional H-bond was formed 

between TQ and Ser87 of the Bcl-2 protein. This interaction suggests a potential 

mechanism for the modulation of Bcl-2 by TQ, which could have implications for its 

anti-cancer effects (116).  

 

Likewise, STAT3 blockers and inhibitors typically exert their effects by 

directly or indirectly interacting with specific domains such as the DNA-binding, 

SH2, or N-terminal domains (117). In our study, interactions between TQ and certain 

amino acid residues in STAT3 resulted in a relatively low ACE score of -140.02 

Kcal/mol. Considering that STAT3 signalling is implicated in chemoresistance due to 

its role in activating anti-apoptotic factors (118). The interaction between TQ and 

STAT3 becomes particularly relevant in the context of combating chemoresistance. 

These findings suggest that TQ may have the potential to interfere with STAT3 

signalling and influence the apoptotic response. Our analysis revealed interactions 

between TQ and Bax with the lowest ACE score recorded at -114.86 Kcal/mol. These 

interactions predominantly occurred within the BH domains of Bax, which are 

responsible for its pro-apoptotic activities. Strong interactions, including H-bonds, 

were observed between TQ and the BH3 domain of Bax, while other domains 

exhibited interactions primarily through hydrophobic bonds. These conclusions 
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suggest the potential of TQ to activate the pro-apoptotic functions of Bax proteins in 

cancer cells (119,120).  

 

The interactions amongst TQ and p53 were also observed which indicated the 

lowest ACE score recorded at -207.54 Kcal/mol. Remarkably TQ exhibited an 

interaction with Cys135, a site associated with zinc metal binding in p53. This 

binding is crucial for maintaining proper transcriptional activities of p53 and indicates 

the modulatory role of TQ in addressing p53 misfolding. Furthermore, additional 

interactions were observed within the region spanning positions 102-292, which 

corresponds to the DNA binding domain of p53. This domain is responsible for 

maintaining the structural integrity of p53 and facilitating its active transcription. The 

identified interactions suggest that TQ may have a regulatory impact on p53, 

influencing its structure and transcriptional functions (121,122).  

 

Similar interactions were observed between TQ and Caspase-3, with the 

lowest ACE score recorded at -130.52 Kcal/mol. These interactions involve the active 

site located at His121 of Caspase-3. TQ binds to the active subunits of caspase-3, 

specifically p12 and p17, which harbour the active site of the enzyme (123,124). 

Furthermore, TQ exhibits interactions with specific amino acids within the CARD 

domain (caspase recruitment domain) of Caspase-9. These interactions are of 

significance for apoptotic activities, even in the absence of apoptosomes. We, 

therefore, show that TQ is capable of modulating Caspase-3/9. These are the key 

proteins included in the apoptotic (125,126). 
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The results obtained from the molecular docking and virtual screening analysis 

of TQ with the proteins Bax, Bcl-2, p53, STAT3, and Caspase-3/9 provide valuable 

insights into the anti-cancer activities of TQ by modulating their structures. These 

studies add to our hypothesis that TQ may exert its effects through the Caspase-3/9 

pathway, which participates in the apoptotic process. However, additional 

investigations and validations are required to comprehend the role of TQ in 

modulating apoptotic proteins and its potential impact on chemoresistance. Further 

research is necessary to elucidate the mechanisms through which TQ affects apoptosis 

and how it may contribute to overcoming chemoresistance in cancer cells. These 

ongoing studies will be detailed in our forthcoming publications, which will provide 

additional insights into the mechanisms and implications of TQ in cancer treatment. 
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6. SUMMARY 

 

TQ has been used against many cancer cells and has also shown effects 

against resistant cells. This study shows the same in OvCa cells, which has not been 

proven to date in the literature. We proposed that TQ is an effective anti-cancer 

compound against OvCa. We also hypothesized that it is effective against OvCa cells 

that have developed CDDP resistance. Therefore, we used the OvCa cell line SKOV-3 

to test our hypothesis. The other cell line chosen initially for the study (PA-1) was 

unstable when exposed to resistance development. Therefore, we chose SKOV-3 cells 

for resistance development and further evaluation.  

 

The apoptotic activity of TQ was shown to be better than that of CDDP in 

both cisplatin-resistant and non-resistant cells. We achieved similar results in PA-1 

cells that prove the in-vitro efficiency of TQ. This was confirmed using various 

experiments observing the nuclear morphology and cell dynamics. TQ’s anti-cancer 

effect was also observed in the gene and protein expression studies.  

 

The RT-PCR experiments show that both, CDDP and TQ induce apoptosis via 

the PIK3 pathway as they regulate the PIK3CA and PIK3CB genes. RAD51, 

BRCA1/2 is also modulated post-treatment of the cells that show the specific action 

of the compounds in OvCa and its resistant cell type.  

 

The apoptotic protein Bcl-2, which is upregulated in OvCa is shown to be 

downregulated by CDDP and TQ when tested using Western Blotting. The tumour 

suppressor gene p53 is downregulated in OvCa and is shown to be upregulated post-
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treatment with TQ. In resistant cell type, TQ is more effective than CDDP and was 

able to induce more changes to the gene and protein expression than CDDP. 

Therefore, this study proves the anti-cancer activities of the compound TQ in OvCa, 

at an in-vitro level. Further studies are required to show the efficiency of TQ as an 

anticancer drug candidate for OvCa as well as in its recurrent cancer types. 
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7. CONCLUSIONS 

 

TQ was evaluated for its cytotoxicity in OvCa and normal cell lines. The 

cytotoxicity in L929 fibroblasts is lesser as compared to the cancer cells (PA-1, 

SKOV-3, and its resistant cell type R_SKOV-3), showing that the compounds used 

are less toxic in normal cells. The MTT assays done for the cell lines SKOV-3 and 

R_SKOV-3 also confirm the development of a resistant population, post-regular 

exposure to higher doses of cisplatin. The treatment of TQ in all three cell populations 

induced membrane and nuclear damage as observed through fluorescence staining. 

The increasing activity was observed to be dose-dependent. The efficacy of TQ was 

observed on the genes of the PIK3 pathway, RAD51, and OvCa regulators in all the 

cell lines.  

While the effect was per existing literature in the SKOV-3 cells, a slightly 

different modification was observed in PA-1 cells for unknown reasons. Nonetheless, 

TQ exerts a modification in gene expression in a dose-dependent manner in ovarian 

cancer. Similar changes were exerted by TQ on the protein expressions as well. TQ 

was able to downregulate the anti-apoptotic protein Bcl-2 and upregulate the tumour 

suppressor protein p53 more efficiently than CDDP in both resistant and non-resistant 

cell types. Apart from showing anticancer efficiency at the protein and genetic level, 

it also showed wound healing capacity. When checked for its mutagenic properties, 

TQ proved to be less toxic than CDDP. Therefore, it promises to be an effective drug 

candidate to be taken up for clinical trials. We also showed the binding efficacy of TQ 

using molecular docking. It has a huge scope for drug development as TQ shows 

many bonds available for modifications as compared to CDDP and binds significantly 

to the protein targets.  
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8. LIMITATIONS 

 

 
This study only evaluated SKOV-3 cells and no other OvCa cells, due to 

limited resources. The initial experiments with the PA-1 cell line exhibited instability 

during the passages and resistance development. This could have been due to the 

technical issues with cell lines. In this experiment, only a few genes and protein 

targets were studied and further study on the genes of the PIK3 pathway is essential 

along with other possible pathways. To understand the complete efficacy of TQ in 

cases of drug resistance, other platinum-based drugs should also be evaluated. 
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Abstract
Background Ovarian cancer (OvCa) is the most common cause of gynecological malignancy that has a refractory response

toward platinum therapy. The diagnosis of the disease happens at advanced stages and has a lesser survival rate in women.

The reduced quality of life in women is due to the resistance to chemotherapy and radiation therapy and hence the need for

the hours is novel therapies that can overcome drug resistance. Phytochemicals have been proven to play a pivotal role in

OvCa, which inhibit proliferation, migration, invasion, and metastasis along with modulation expression of certain over-

expressed genes.

Objectives The study aimed to understand the gene expression of PI3KCA, PI3KCB, BRCA1, BRCA2, and RAD51 in

ovarian cancer cell lines PA-1 post-treatment with Thymoquinone (TQ) and also study the compound’s apoptotic

activities.

Results The results revealed that TQ treatment reduces the expression of BRCA1, BRCA2, and RAD51 in PA-1 cell lines,

on the other hand, increases the expression of PI3KCA and PI3KCB. The IC50 obtained was used to visualize the apoptotic

bodies, the morphology of the nucleus, nuclear condensation, and mitochondrial potential. Therefore, PA-1 cell lines

displayed significant changes after the TQ treatment, and the above-mentioned genes can be used as a potential OvCa

biomarker.

Keywords Ovarian cancer � Thymoquinone � Drug resistance � Genes � PA-1 � DAPI

Abbreviations
OvCa Ovarian cancer

TQ Thymoquinone

CDDP Cisplatin

PCs Phytochemicals

Cur Curcumin

Qu Quercetin

FBS Fetal bovine serum

MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetra-

zolium bromide

Introduction

The predisposition of OvCa is the most common gyneco-

logical malignancy raising the mortality rate significantly

for decades. The prognosis of OvCa happens at advanced

stages with associated risks such as contraceptive and

infertility treatments, hormonal therapy, and genetic

mutations, consequently increasing the epidemiology

moderately [1]. Global cancer estimates a maximum

overall 5-year survival rate due to acquired resistance to

drugs [2]. Debulking surgery and chemotherapy are the

current treatments in OvCa but many patients acquire

resistance to the drugs and recurrence of tumor [3].

The histopathological and clinical features categorize

the stages of OvCa along with associated mutations and

gene expression that are leading elements for OvCa’s

transformation into malignant OvCa. Genes such as

PI3KCA/B, RAD51, and BRCA1/2 lead to malignancy in

several types of cancer [4–6]. The tumor suppression genes

BRCA1/2 participate in controlling cell growth
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nevertheless mutation in these can cause resistance to cis-

platin (CDDP) in OvCa cells [4]. As per studies on RAD51,

the acquired resistance during malignancies is due to

overexpression of RAD51. RAD51 takes participates in

homologous recombination during DNA repair, but the

higher expression of RAD51 increases the capability of

OvCa cells hence adding to drug resistance. CDDP and

carboplatin resistance, sensitivity to paclitaxel and doc-

etaxel, and PARP inhibitors have shown elevated levels of

RAD51 affecting drug responsiveness. The genomic sta-

bility is maintained by BRAC1/2 but these are mutated in

OvCa along with RAD51 [6]. PI3K/AKT/ PTEN/mTOR

takes part in extracellular stimuli and modulates cellular

responses. It has been one of the pivotal pathways in OvCa

triggering cell proliferation, tumorigenesis, and drug

resistance [7].

Plant-based compounds (phytochemicals) have an anti-

carcinogenic effect on various types of cancer while

experimental studies have revealed significant reductions

in tumorigenesis in OvCa as well as cervical and

endometrial cancer. Phytochemicals (PCs) have chemo-

preventive effects as they inhibit carcinogenesis at early

stages and therefore are a potential therapeutic [8]. Cur-

cumin (Cur), which has numerous health benefits has also

been proven as an anti-cancer agent. Cur induces apoptosis

in OvCa and stimulates protective autophagy thereby

overcoming drug resistance. Cur also down-regulates

p70S6K and 4E-BP1along with inhibition of phosphory-

lated mTOR [9]. Another PC quercetin (Qu) has shown

anti-cancer, anti-inflammatory, and pro-oxidative proper-

ties, and induces cell cycle arrest and apoptosis in OvCa

[10]. In OvCa cell lines i.e., PA-1, Qu suppresses cell

proliferation, migration, and adhesion. Qu is also used in

combination therapy along with a chemo-therapeutic to

overcome drug resistance [11].

TQ abundantly found in black cumin seeds has anti-

cancer, anti-oxidant, anti-inflammatory, anti-microbial,

anti-histaminic, and analgesic properties. TQ reduces anti-

apoptotic genes and increases ROS thus stimulating

apoptosis, inhibiting migration and metastasis thereby tar-

geting numerous phosphorylated pathways, increasing

tumor suppressor genes, and preventing DNA methylation

[12]. TQ along with cisplatin inhibits the proliferation of

SKOV-3 cells by enhancing Bax and down-regulates Bcl-2

[13]. TQ has numerous pharmacological properties that can

be prospective interventions against cancer. TQ has many

modulatory interactions that directly target phosphorylated

pathways and interfere in consequent up-regulated path-

ways (PI3K, mTOR, PTEN, AKT) that are involved in cell

survival. TQ has also been proven to be effective in

combination treatment along with a chemotherapeutic

agent by counteracting proliferation, angiogenesis, migra-

tion, and metastasis. Therefore, TQ can be used as a novel

drug to combat against OvCa that improves safety and

efficacy by providing cryoprotection in healthy cells [14].

In this study, we evaluated the expression of PI3KCA/B,

RAD51, and BRCA1/2 in OvCa cell lines PA-1 post-

treatment with TQ. We also analyzed the anti-proliferative

effect of TQ in PA-1 by examining viability, mitochondrial

potential, and apoptotic in the cells.

Materials and Methods

Chemicals and Reagents

Cisplatin and Thymoquinone (Sigma-Aldrich), Dulbecco’s

Modified Eagle Medium (DMEM) (Gibco, Cat. No.-

11965092), Antibiotic –Antimycotic (100X) solution

(Thermofisher Scientific, Cat. No.-15240062), and Fetal

bovine serum (FBS) (Gibco, Cat No.-10270106), MTT (3-

(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-

mide (Sigma-Aldrich), DAPI (40,6-diamidino-2-phenylin-

dole) (D9542), Annexin V-FITC Apoptosis Detection Kit

(R&D Systems, Cat. No.-4830-01-K). Dimethyl sulfoxide

(DMSO) and paraformaldehyde were procured from

Qualigens, India.

Methodology

Cell Culture

The human ovarian cell line PA-1 was obtained from

NCCS, Pune (India). PA-1 was cultured in Dulbecco’s

Modified Eagle Medium (DMEM) with 10% of FBS, and

1% of the antibiotic–antimycotic solution. The cells were

stored in a 5% CO2 incubator at 37 �C (New Brunswick

galaxy 170R, Eppendorf India Private Ltd., India).

Cytotoxicity Assay

PA-1 cells were seeded with a cell density of 59102 in a

96-well plate and incubated for 24 h at 37 �C in a

humidifier at 5% CO2. The cells were subjected to a series

of concentrations of TQ (3–100 lg/ml) for 24, 48, and

72 h. The cells were treated with 5 mg/ml MTT reagent

and incubated for 4 h. 100lL of DMSO was then added to

the wells and spectrometric absorbance was obtained at

490 nm using a microplate reader (Lisa plus microplate

reader).

Formula:

Surviving cells %ð Þ ¼ Mean OD of sample

=Mean OD of Negative control � 100
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Mitochondrial Membrane Potential (MMP)

The cells were grown in a 24-well plate having coverslips

with a density of 19106 and treated with obtained IC50

value of TQ. After 48 h, cells were washed twice with

PBS. The cells were stained with Rhodamine-123 (Rh-123)

dye for 30 min. After a PBS wash, the cells were fixed with

4% paraformaldehyde for 30 min. The untreated cells were

used as a control. The experiment was carried out in trip-

licates three times. The cells were then examined under the

fluorescent microscope and the intensity was calculated

using GraphPad Prism 5.1.

DAPI Staining

The cells were seeded with coverslips in a 24-well plate

with a density of 19106 and treated with 7 lM, 14 lM,

and 21 lM of TQ. After 48 h, the cells were thoroughly

washed with PBS and fixed with 4% paraformaldehyde for

30 min. The cells were stained with 1 lg/ml of DAPI

(DAPI, Sigma) and incubated in the dark for 5 min at RT.

The apoptotic cells were observed under the fluorescence

microscope with 209 magnification and visualized using

Pro RES� Capture Pro software (Jena, Germany).

Detection of Apoptosis via Flow-Cytometer

The cells (5X105) were grown in a 24-well plate and

treated with TQ for 24 h. The cells were harvested in ice-

cold sterile phosphate buffer saline. The cells were washed

and centrifuged (ROTEK Laboratory centrifuge) for three

times with PBS. To the pellet, ice-cold 1Xbinding buffer

was added. Further, 1 lL Annexin V-FITC and 5 lL of

Propidium iodide (PI) was added. The cells were kept on

ice and in dark for 15 min. Then, 400 lL of ice-cold

1Xbinding buffer. FACS (BD, Bioscience was used to

collect data. The evaluation was carried out using Flow Jo

software (FlowX 10.0.7).

RNA Extraction

The cells (density of 19106) were cultured in a 6-well plate

and incubated at 37 �C with 5% CO2 and treated with

different concentrations of TQ after 24 h. The cells were

collected by trypsinization and resuspended in 200–300 ll

of TRIzol reagent (Invitrogen). The cells were incubated

for 5 min for complete dissociation at room temperature

(RT), and the cells were collected in 1.5 ml Eppendorf

tubes. The cells were centrifuged at 12,000 rpm and the

upper layer was collected (Eppendorf centrifuge 5810 R).

The collected RNA pellet was subjected to quantification

using Biophotometer (Eppendorf BioPhotometer plus).

Real-time PCR (RT-PCR)

The quantification of mRNA expressions was analyzed

using SYBR Premix from ABI (Applied Biosystem, USA).

The RT-PCR was carried out using Eppendorf software

version 1.5. The primers for PI3KCA/B, RAD51, and

BRAC1/2 were obtained from Eurofins Genomics (Ban-

galore, India). The target genes were quantified and cal-

culated using the 2-DDCt method. The primer sequences for

the mentioned genes are mentioned in Table 1. The primers

were procured from Eurofins.The temperature profiles for

all the target genes were 95 �C for 30 s followed by 40

cycles of 95 �C, 61 �C and 72 �C for 20 s each. In the

temperature profile for b-actin the annealing step was

performed at 60 �C.

Statistical Analysis

The time-based cell viability changes were assessed for

statistical significance showing a change in viability from

24 to 48 h with at p\ 0.0001. However, there were no

significant changes observed for data compared between 48

and 72 h. All the above-mentioned experiments were car-

ried out in triplicates and analyzed for statistical signifi-

cance using GraphPad Prism 5.1.

Results

TQ Facilitates Cytotoxicity of PA-1

Figure 1 illustrates the cell viability of PA-1 cell lines after

the treatment with a range of concentrations of TQ with

different durations. The PA-1 cell line showed concentra-

tion-dependent as well as time-dependent cytotoxicity. The

inhibition concentration for TQ was obtained at 7 lM,

14 lM, and 21 lM for 24, 48 and 72 h, which were used

for further analysis. The statistical significance was

observed at ***p\ 0.0001.

TQ Inhibits Mitochondrial Function
and Membrane Potential in PA-1

The cells were evaluated for loss of MMP after the treat-

ment with TQ [M (DW)] with respective concentrations and

observed under fluorescent microscope. After 24 h of

treatment, PA-1 untreated cells displayed higher green

fluorescence indicating an intact mitochondrial membrane.

Contrastingly, the treated cells indicated a decrease in

fluorescence intensity suggesting the collapse of the mito-

chondrial membrane (Fig. 2).
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TQ Induces Sensitivity in PA-1

After treatment with TQ, the cells were analyzed for

apoptotic nuclear changes using a DAPI stain (Fig. 3). The

untreated cells show equal distribution of the stain and

exhibit brighter fluorescence. After contemplating the

untreated cell images, there was nuclear material was

intact. The treated cells show lesser fluorescence than the

untreated cells. The TQ-treated cell images display cellular

blebbing of the membrane, apoptotic bodies, and

Table 1 Primer sequence of

PI3KCA/B, RAD51, BRCA1/2

and b-actin

No Primer name Sequence 5’ to 3’ Length

1 PI3KCA-F GGTTGTCTGTCAATCGGTGACTGT 24

PI3KCA-R GAACTGCAGTGCACCTTTCAAGC 23

2 PI3KCB-F TTGTCTGTCACACTTCTGTAGTT 23

PI3KCB-R AACAGTTCCCATTGGATTCAACA 23

3 RAD51-F TCTCTTCCCATTGCACACCTT 21

RAD51-R ACCTGGAAGCTTTCCTAACTAGAG 24

4 BRCA1-F TGAATGACTGCCTTGGGTCC 20

BRCA1-R AGGTGATTTCAATTCCTGTGCT 22

5 BRCA2-F CCCTTCTTTGGGTGTTTTATGCT 23

BRCA2-R CCTTCCTGTGATGGCCAGAG 20

6 b-actin- F GCCCTGGCACCCAGCACAAT 20

b-actin- R GGAGGGGCCGGACTCGTCAT 20

Fig. 1 Representation of cytotoxicity of PA-1 after the treatment with

different concentrations of TQ for 24, 48, and 72 h. IC50 values were

calculated and the data represent as mean ± standard deviation. The

untreated cells were used as a control. The significance difference is

indicated as ***p\ 0.0001 between control cells vs treated

Fig. 2 Analysis of mitochondrial membrane potential in resistant PA-

1 cells after treatment with TQ by fluorescence microscope. The

images above represent (1) Untreated control cells (2) Cells treated

with 7 lM/mL (3) 14 lM/mL (4) 21 lM/mL of TQ, respectively, (5)

Representation of fluorescent percent of the mentioned groups. Data

are expressed as mean ± SD. The significance difference is indicated

as ***p\ 0.0001, **p\ 0.01, and *p\ 0.05 between control cells

vs treated
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disintegration of the nuclear membrane. Hence, TQ

induced apoptosis in PA-1 cells after treatment.

TQ Mediated Apoptosis in PA-1

The cells were treated with Annexin V prior to the analysis

to apprehend the total amount of cells undergoing apop-

tosis. As shown in Fig. 4, after treatment of 14 lM TQ the

quantity of apoptotic cells increases when compared with

control. The untreated cells showed 99.6% live fraction,

while the dead cells proportion was 0.19%. The proportion

of early 0.012% and late 0.16% apoptosis post-treatment.

There was increase in the early and late apoptotic per-

centage after treatment, thereby decreasing the viable cell

proportion. The treated cells viability found was 66.0% and

dead cells were 0.033%. Correspondingly, the percentage

of early apoptosis was 24.0% and late apoptosis was 9.24%

in the treated cells, indicated cell death after treatment with

TQ. The early and late apoptosis in the untreated cells was

a negligible amount as related to the treated cells. After

treatment, the significance of early and late apoptosis was

calculated for p\ 0.05 for these findings (Fig. 4).

TQ-Mediated Gene Expression Changes in PA-1

The changes in the expression of PI3KCA/B, RAD51, and

BRAC1/2 were observed after the treatment of TQ with

7 lM, 14 lM, and 21 lM. The expression of RAD51, and

BRAC1/2 reduced post-treatment, while the PI3KCA/B

expression increased as compared to the control. RAD51,

and BRAC1/2 mutations and over-expressions are very

common in OvCa. In PA-1 cells, the PIK3CA and PIK3CB

are significantly increased after 48 h of treatment with TQ,

leaving little change in expression after 24 h. However, in

RAD51, and BRCA1/2, after 24 h of treatment, there is a

significant drop in their expression as compared to the

control. This, however, shows an increase and drop after 48

and 72 h of treatment.

Discussion

For decades there has been marginal development in the

survival of OvCa patients while the targeted therapies so

far have an unfavorable outcome. Conventional therapies

fail due to acquired drug resistance and the recurrence of

tumors in women is very common. During recurrence, the

treatment is predominantly on maintaining the patient

profile, balancing symptoms, and controlling the spreading

of the disease [15]. PCs have chemo-protective roles in

several types of cancer, work at minimal doses, and are

moderately less toxic. They chemo-sensitize the cancer

cells by limiting the proliferation and maneuvering the

promotion of metastasis. TQ is one such PC that has shown

anti-cancer activity through various actions like apoptotic

activity through the regulation of Bax/Bcl-2, increase in

interferon levels, inhibiting phosphorylated STAT3, and

reducing JAK2 activity [4, 16].

To assess the anti-cancer activities of potential com-

pounds, it is necessary to evaluate their anti-proliferative

capacity. MTT assay does this by allowing the viable cells

to convert the MTT reagent into a formazan product, which

is then detected at 570 nm [17]. In this study, a time-de-

pendent MTT assay was carried out to assess the cyto-

toxicity of TQ at 24 h, 48 h and 72 h. The cytotoxicity of

TQ was highest after 48 and 72 h of incubation and

increased with increasing concentrations. Early apoptosis is

also indicated by a change in the mitochondrial membrane

potential (DWm) and nuclear morphology. The MMP col-

lapse is visualized by staining the cells with Rhodamine

123, under a fluorescence microscope [18]. In this study,

the intensity of Rh123 is seen to be the highest in untreated

cells, indicating an intact mitochondrial membrane.

Fig. 3 Fluorescence microscopy images by DAPI staining in PA-1.

The untreated cells display higher fluorescence and have intact nuclei.

On the other hand, the treated cells the nuclear blebbing (white

arrows), nuclear condensation (red arrows), nuclear fragmentation

(yellow arrows), and apoptotic bodies (white circles). The images

above represent (1) Untreated control cells (2) Cells treated with

7 lM/mL (3) 14 lM/mL (4) 21 lM/mL of TQ, respectively
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However, in the treated cells, the loss of this membrane

potential causes leakage of the dye, and the intensity is

reduced in a concentration-dependent manner. We treated

the cells at IC50 values obtained for 24, 48, and 72 h and

analyzed the statistically significant changes as indicated in

Fig. 1. Followed by the changes in the mitochondrial

membrane, apoptosis is indicated by nuclear changes.

Nuclear changes like condensation and fragmentation have

been indicated in various studies as a sign of apoptosis and

have been used to evaluate drug-induced activities [19].

We showed apoptosis-induced nuclear changes after

treating with TQ through DAPI staining. The higher con-

centrations show nuclear condensation, fragmentation,

blebbing, and formation of apoptotic bodies.

We also studied some major gene expressions that have

been indicated to play a crucial role in ovarian cancer

pathogenesis and progression. The effect of TQ on the

expression of these genes has been observed and may give

us information on important pathways, that need further

investigations. PI3KCA/B genes are involved in the

development and progression of various cancers, including

ovarian cancer [7, 20, 21]. TQ is known to inhibit these

genes and ultimately block the PI3K/Akt pathway in cancer

cells [22–24]. PIK3CA/B have been seen in increased copy

numbers in ovarian cancer which play a role in cancer

promoting pathways [25]. Since its indication in

proliferation of cancer cells, they help the cells to evade

apoptosis. Surprisingly, in this study we observe that TQ

promotes apoptosis in PA-1 cells, but does not downreg-

ulate PIK3CA/B. Therefore, we can assume that TQ is

inducing apoptosis in a PI3K independent manner. RAD51

expressions tell us about the resistance.

RAD51 is overexpressed in ovarian cancer and is an

indicator of malignancies [26, 27]. Since it is considered an

oncogene of significance in ovarian cancer, it has been

targeted for therapeutic interventions, and several inhibi-

tors are being studied for the same. Moreover, its DNA

repair mechanism leading to the ability to induce drug

resistance in cancer cells makes RAD51 an indicator of

drug responsiveness. RAD51 is known to directly interact

with BRCA1/2 genes to replicate and repair DNA [6].

Although TQ has been suggested to indirectly downregu-

late the expression of RAD51 [28], we did not find any

significant evidence to support this. Therefore, this study

establishes that RAD51 is downregulated in ovarian cancer

cells after treatment with TQ. This shows the sensitizing

capacity of TQ in ovarian cancer cells as suggested in other

reports, by reducing the repair and replication of the cancer

cells. However, some studies show a suppressive effect of

TQ on BRCA1/2 regulation [29, 30]. In this study, the TQ

treated cells also show down-regulation in BRCA1/2

expressions, suggesting the role of TQ is effective anti-

Fig. 4 The histogram of

characterizes the apoptosis n

PA-1 after treatment with TQ.

The images show: (1) Untreated

control (2) PA-1 treated with

14 lM of TQ and (3) The bar

graph represents the live, dead,

early and late apoptotic cells.

For all the three experiments,

data are mean ± SD. The

significance difference is

indicated as ***p\ 0.001,

**p\ 0.01, *p\ 0.05 and non-

significant between control cells

vs treated

22 Page 6 of 8 Indian Journal of Gynecologic Oncology (2023) 21:22

123



cancer activities in ovarian cancer cells and its resistant

type. We will further investigate these expressions induced

by TQ in resistant cells as well.

Conclusion

The characterization of different types of OvCa has been a

leverage to innovative therapies and translating them into

medical care. In rare OvCa, building a resilient network by

translating the research into clinical practice is the key to

improving patient care and quality of life. PCs play an

ambiguous role at optimal doses and have minimal side

effects. But on the other hand, may also impose limitations

such as inconsistent metabolism, lack of targeted delivery,

pharmacokinetics, and pharmacodynamic shortage.
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8. Woźniak M, Krajewski R, Makuch S, Agrawal S. Phytochemicals

in gynecological cancer prevention. Int J Mol Sci. 2021. https://

doi.org/10.3390/ijms22031219.

9. Liu LD, et al. Curcumin induces apoptotic cell death and pro-

tective autophagy by inhibiting AKT/mTOR/p70S6K pathway in

human ovarian cancer cells. Arch Gynecol Obstet.

2019;299(6):1627–39. https://doi.org/10.1007/s00404-019-

05058-3.

10. Shafabakhsh R, Asemi Z. Quercetin: a natural compound for

ovarian cancer treatment. J Ovarian Res. 2019. https://doi.org/10.

1186/s13048-019-0530-4.

11. Dhanaraj T, Mohan M, Arunakaran J. Quercetin attenuates

metastatic ability of human metastatic ovarian cancer cells via

modulating multiple signaling molecules involved in cell sur-

vival, proliferation, migration and adhesion. Arch Biochem

Biophys. 2021. https://doi.org/10.1016/j.abb.2021.108795.

12. Almajali B, et al. Thymoquinone, as a novel therapeutic candi-

date of cancers. Pharmaceuticals. 2021. https://doi.org/10.3390/

ph14040369.

13. Liu X, Dong J, Cai W, Pan Y, Li R, Li B. The effect of thy-

moquinone on apoptosis of SK-OV-3 ovarian cancer cell by

regulation of Bcl-2 and Bax. Int J Gynecol Cancer.

2017;27(8):1596–601. https://doi.org/10.1097/IGC.

0000000000001064.

14. Mostofa AGM, Hossain MK, Basak D, Bin Sayeed MS. Thy-

moquinone as a potential adjuvant therapy for cancer treatment:

evidence from preclinical studies. Front Pharmacol. 2017. https://

doi.org/10.3389/fphar.2017.00295.

15. Lheureux S, Gourley C, Vergote I, Oza AM. Epithelial ovarian

cancer. Lancet. 2019;393(10177):1240–53. https://doi.org/10.

1016/S0140-6736(18)32552-2.

16. Choudhari AS, Mandave PC, Deshpande M, Ranjekar P, Prakash

O. Phytochemicals in cancer treatment: from preclinical studies

to clinical practice. Front Pharmacol. 2020. https://doi.org/10.

3389/fphar.2019.01614.

17. T.L. Riss, R.A. Moravec, A.L. Niles, Cell viability assays, 2013.

18. Lu J, Wu L, Wang X, Zhu J, Du J, Shen B. Detection of mito-

chondria membrane potential to study CLIC4 knockdown-in-

duced HN4 cell apoptosis in vitro. J Vis Exp. 2018;137:2018.

https://doi.org/10.3791/56317.

19. Dera A, Rajagopalan P. Thymoquinone attenuates phosphoryla-

tion of AKT to inhibit kidney cancer cell proliferation. J Food

Biochem. 2019. https://doi.org/10.1111/jfbc.12793.

20. Zhang Z, et al. MiR-337-3p suppresses proliferation of epithelial

ovarian cancer by targeting PIK3CA and PIK3CB. Cancer Lett.

2020;469:54–67. https://doi.org/10.1016/j.canlet.2019.10.021.

21. Zhao Y, et al. PI3K positively regulates YAP and TAZ in

mammary tumorigenesis through multiple signaling pathways.

Mol Cancer Res. 2018;16(6):1046–58. https://doi.org/10.1158/

1541-7786.MCR-17-0593.

22. Feng LM, Wang XF, Huang QX. Thymoquinone induces cyto-

toxicity and reprogramming of EMT in gastric cancer cells by

targeting PI3K/Akt/mTOR pathway. J Biosci.

2017;42(4):547–54. https://doi.org/10.1007/s12038-017-9708-3.

23. Dirican A, Atmaca H, Bozkurt E, Erten C, Karaca B, Uslu R.

Novel combination of docetaxel and thymoquinone induces

synergistic cytotoxicity and apoptosis in DU-145 human prostate

cancer cells by modulating PI3K–AKT pathway. Clin Transl

Oncol. 2015;17(2):145–51. https://doi.org/10.1007/s12094-014-
1206-6.

24. Zhou J, Imani S, Shasaltaneh MD, Liu S, Lu T, Fu J. PIK3CA

hotspot mutations p. H1047R and p. H1047L sensitize breast

cancer cells to thymoquinone treatment by regulating the PI3K/

Akt1 pathway. Mol Biol Rep. 2022;49(3):1799–816. https://doi.

org/10.1007/s11033-021-06990-x.

25. Ghoneum A, Said N. PI3K-AKT-mTOR and NFKB pathways in

ovarian cancer: implications for targeted therapeutics. Cancers

(Basel), 1–26;2019.

26. Golmard L, et al. Contribution of germ-line deleterious variants

in the RAD51 paralogs to breast and ovarian cancers. Eur J Hum

Genet. 2017;25(12):1345–53. https://doi.org/10.1038/s41431-

017-0021-2.

27. Wang B, Hou D, Liu Q, Wu T, Guo H, Zhang X, Zou Y, Liu SC.

Artesunate sensitizes ovarian cancer cells to cisplatin by down-

regulating RAD51. Cancer Biol Ther. 2015;16(10):1548–56.

28. F.R. Ballout, Thymoquinone induces Apoptosis and DNA dam-

age in 5-fluorouracil-resistant colorectal cancer stem /progenitor

cells and sensitizes them to radiation; 2020.

29. Imran M, et al. Thymoquinone: a novel strategy to combat can-

cer: a review. Biomed Pharmacotherapy. 2018;106:390–402.

https://doi.org/10.1016/j.biopha.2018.06.159.

30. Linjawi SAA, Khalil WKB, Hassanane MM, Ahmed ES. Eval-

uation of the protective effect of Nigella sativa extract and its

primary active component thymoquinone against DMBA-induced

breast cancer in female rats. Arch Med Sci. 2015. https://doi.org/

10.5114/aoms.2013.33329.

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds

exclusive rights to this article under a publishing agreement with the

author(s) or other rightsholder(s); author self-archiving of the

accepted manuscript version of this article is solely governed by the

terms of such publishing agreement and applicable law.

22 Page 8 of 8 Indian Journal of Gynecologic Oncology (2023) 21:22

123

https://doi.org/10.1001/jama.2012.20
https://doi.org/10.1001/jama.2012.20
https://doi.org/10.1007/s12253-016-0066-5
https://doi.org/10.1007/s12253-016-0066-5
https://doi.org/10.1186/s12935-021-01953-5
https://doi.org/10.1186/s12935-021-01953-5
https://doi.org/10.3390/cancers11070949
https://doi.org/10.3390/ijms22031219
https://doi.org/10.3390/ijms22031219
https://doi.org/10.1007/s00404-019-05058-3
https://doi.org/10.1007/s00404-019-05058-3
https://doi.org/10.1186/s13048-019-0530-4
https://doi.org/10.1186/s13048-019-0530-4
https://doi.org/10.1016/j.abb.2021.108795
https://doi.org/10.3390/ph14040369
https://doi.org/10.3390/ph14040369
https://doi.org/10.1097/IGC.0000000000001064
https://doi.org/10.1097/IGC.0000000000001064
https://doi.org/10.3389/fphar.2017.00295
https://doi.org/10.3389/fphar.2017.00295
https://doi.org/10.1016/S0140-6736(18)32552-2
https://doi.org/10.1016/S0140-6736(18)32552-2
https://doi.org/10.3389/fphar.2019.01614
https://doi.org/10.3389/fphar.2019.01614
https://doi.org/10.3791/56317
https://doi.org/10.1111/jfbc.12793
https://doi.org/10.1016/j.canlet.2019.10.021
https://doi.org/10.1158/1541-7786.MCR-17-0593
https://doi.org/10.1158/1541-7786.MCR-17-0593
https://doi.org/10.1007/s12038-017-9708-3
https://doi.org/10.1007/s12094-014-1206-6
https://doi.org/10.1007/s12094-014-1206-6
https://doi.org/10.1007/s11033-021-06990-x
https://doi.org/10.1007/s11033-021-06990-x
https://doi.org/10.1038/s41431-017-0021-2
https://doi.org/10.1038/s41431-017-0021-2
https://doi.org/10.1016/j.biopha.2018.06.159
https://doi.org/10.5114/aoms.2013.33329
https://doi.org/10.5114/aoms.2013.33329


BioGecko Vol 12 Issue 03 2023  
 ISSN NO: 2230-5807  
 

A Journal for New Zealand Herpetology 4019 

Enhancing Cisplatin Sensitivity In Skov-3 Through The Antiproliferative Effects 

Of Thymoquinone 
 

Shivani S. Tendulkar1, Aishwarya Hattiholi2, Mehul A. Shah3, Suneel Dodamani4* 

 
1, 4*Dr. Prabhakar Kore Basic Science Research Centre, KLE Academy of Higher Education and Research, 

Belagavi, India, PhD Scholar, M.Sc - ORCID ID: https://orcid.org/0000-0002-3936-68731, 

https://orcid.org/0000-0002-7463-80372 
2Maratha Mandal’s Central Research Laboratory NGH, Bauxite Road, Belagavi, India, 

ORCID ID: https://orcid.org/0000-0003-0533-0350 
3Department of Public Health Dentistry, KLE VK Institute of Dental Sciences, KLE Academy of Higher 

Education and Research, Belagavi, India, ORCID ID: https://orcid.org/0000-0003-3291-8716 

 

*Corresponding Author: - Dr. Suneel Dodamani 

Basic Science Research Centre, KLE Academy of Higher Education and Research, Belagavi 590010, India. 

Contact number: +919901943638, E-mail ID: suneelddmn18@gmail.co 

 

ABSTRACT 

 

Background: The challenges posed by ovarian cancer (OvCa) malignancy are compounded by the 

unfavourable prognosis linked to resistance against platinum-based drugs. The use of phytochemicals has 

emerged as an innovative strategy for treating OvCa. Thymoquinone (TQ), recognized for its ability to 

inhibit cell proliferation, has shown promising potential in targeting multiple pathways that can potentially 

trigger apoptosis. This study seeks to enhance the effectiveness of TQ in overcoming drug resistance induced 

by Cisplatin (CDDP) in SKOV-3 cells. 

 

Methods:  The cells were subjected to a time-dependent treatment with progressively higher doses of TQ. 

After obtaining the IC50 value, the gene expression for PI3KCA/B, RAD51 and BRCA1/2 was analyzed by 

reverse transcription polymerase chain reaction (RT-PCR). 

 

Results:The study evaluated the effectiveness of TQ in overcoming CDDP-induced drug resistance in 

SKOV-3 cell lines. The minimum inhibitory concentration for CDDP in SKOV-3 cells was found to be 3 μM, 

while for TQ, it was 14 μM. In the case of CDDP-resistant SKOV-3 cells, the minimum inhibitory 

concentration was 6 μM for CDDP and 14 μM for TQ. The results revealed that TQ treatment reduces the 

expression of PIK3CA/B, RAD51 and BRCA1/2 in the cell lines. 

 

Conclusion: TQ exhibits an enhanced apoptotic effect in SKOV-3 cells and demonstrates efficacy against 

CDDP-resistant cells. These findings highlight the significant potential of TQ in the treatment of recurrent 

OvCa cases that have developed resistance to CDDP. 

 

INTRODUCTION 

 

One of the primary causes of mortality worldwide is cancer, estimating 18.1 million deaths and 9.6 million 

new cases. OvCa is the second most common and lethal gynaecological malignancy, often diagnosed at 

progressive stages. Signs and symptoms generally occur at advanced stages such as III and IV (Bray, Ferlay, 

and Soerjomataram 2018). There are different types of reported OvCa, with epithelial OvCa being the most 

prevalent one with a poor prognosis (Stewart, Ralyea, and Lockwood 2019). The symptoms and signs of 

OvCa are indistinct, unclear, and vague. The risk factors include age, menstrual period, hormonal and 

infertility treatment, family history, genetic mutations, obesity, and socioeconomic status (Momenimovahed 

et al. 2019). After a sequence of platinum-based treatment or radiation, the majority of women experience a 

relapse of tumour or resistance to the drug and hence it is essential to develop innovative therapeutic 

approaches (Kumar, Kushwaha, and Gupta 2019). 
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Histopathological and clinical features determine the stages of ovarian cancer (OvCa) and are associated 

with mutations and gene expression patterns that contribute to its malignant transformation. Genes like 

PI3KCA/B, RAD51, and BRCA1/2 play a role in malignancy across various cancer types. Mutation in 

BRCA1/2 tumour suppressor genes can lead to resistance to cisplatin (CDDP) in OvCa cells. Overexpression 

of RAD51, involved in DNA repair, contributes to acquired drug resistance in malignancies. RAD51 levels 

affect responsiveness to CDDP, carboplatin, paclitaxel, docetaxel, and PARP inhibitors. BRCA1/2 and 

RAD51 mutations in OvCa disrupt genomic stability. The PI3K/AKT/PTEN/mTOR pathway is pivotal in 

OvCa, promoting cell proliferation, tumorigenesis, and drug resistance(Feng et al. 2021; Ghoneum and Said 

2019a). 

 

Phytochemicals, plant-based compounds, have shown anti-carcinogenic effects in various cancers, including 

OvCa, cervical, and endometrial cancer. They inhibit early-stage carcinogenesis and have chemo-preventive 

properties(Woźniak et al. 2021). TQ, abundantly present in black cumin seeds, exhibits various beneficial 

properties such as anti-cancer, anti-oxidant, anti-inflammatory, anti-microbial, anti-histaminic, and analgesic 

effects. It exerts its anti-cancer effects by reducing anti-apoptotic genes and increasing the production of 

reactive oxygen species (ROS), leading to apoptosis induction. TQ also inhibits cell migration and metastasis 

by targeting multiple phosphorylated pathways, increasing the expression of tumor suppressor genes, and 

preventing DNA methylation. When combined with CDDP, TQ enhances the inhibition of SKOV-3 cell 

proliferation by up-regulating Bax and down-regulating Bcl-2(Liu et al. 2017). TQ possesses diverse 

pharmacological properties that make it a promising intervention for cancer treatment. It directly targets 

phosphorylated pathways and interferes with up-regulated pathways involved in cell survival, such as PI3K, 

mTOR, PTEN, and AKT. TQ has demonstrated effectiveness in combination therapy with chemotherapeutic 

agents, counteracting proliferation, angiogenesis, migration, and metastasis. As a novel drug for OvCa, TQ 

offers improved safety and efficacy by providing cryoprotection in healthy cells(Mostofa et al. 2017). 

 

MATERIALS AND METHODS 

 

Chemicals and reagents 

 

Cisplatin and Thymoquinone (Sigma Aldrich), Dulbecco’s Modified Eagle Medium (DMEM) (Gibco, Cat. 

No.-11965092), Antibiotic –Antimycotic (100X) solution (Thermofisher Scientific, Cat. No.-15240062), and 

Fetal bovine serum (FBS) (Gibco, Cat No.-10270106), MTT (3-(4,5-dimethylthiazol- 2-yl)-2,5-

diphenyltetrazolium bromide (Sigma Aldrich).  Dimethyl sulfoxide (DMSO) and paraformaldehyde were 

procured from Qualigens, India. 

 

Methodology 

 

Cell culture 

 

The human ovarian cell line SKOV-3 was acquired from NCCS, Pune, India. SKOV-3 cells were cultured in 

Dulbecco's Modified Eagle Medium (DMEM) supplemented with 10% fetal bovine serum (FBS) and 1% 

antibiotic-antimycotic solution. The cells were maintained in a CO2 incubator at 37°C (New Brunswick 

Galaxy 170R, Eppendorf India Private Ltd., India). 

 

Cell viability assay 

 

The cells were grown in the culture medium until they reached 80% confluency for cell viability. After 

washing the cells with phosphate-buffered saline (PBS), they were detached using trypsin-EDTA and 

counted using a hemocytometer. Next, 1X102 cells were seeded in a 96-well plate and allowed to incubate 

for 24 hours. Subsequently, the cells were treated with varying concentrations of CDDP and TQ for 24 and 

48 hours. After the incubation period, the cells were suspended in 100μl of MTT solution and incubated at 

37°C for 3 hours. The formazan crystals formed were dissolved in 100μl of dimethyl sulfoxide (DMSO). The 

optical density (OD) of the solution was measured at 490nm using a Lisa plus Microtitre Reader. Untreated 

cells were used as a control group. The cell viability percentage for each group was calculated by comparing 
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it with the control group. The inhibitory concentration (IC50), which represents the concentration at which 

50% of cell death occurred, was determined for each drug. Statistical analysis was performed using 

GraphPad Prism 5.1 software. We also developed CDDP resistant cell line and used it for MTT and RT-PCR 

(referredto as R_SKOV_3) 

 

Formula: 

 

Surviving cells (%) = Mean OD of sample /Mean OD of Negative control ×100 

 

 

RNA extraction 

 

The cells were seeded in a 6-well plate at a density of 1X106 cells and incubated at 37°C with 5% CO2. After 

24 hours, the cells were treated with different concentrations of TQ. Following the treatment, the cells were 

collected by trypsinization and resuspended in 200-300μl of TRIzol reagent (Invitrogen). The cell suspension 

was incubated for 5 minutes at room temperature for complete dissociation and then transferred to 1.5 ml 

Eppendorf tubes. The tubes were centrifuged at 12,000 rpm, and the upper layer was carefully collected 

using an Eppendorf centrifuge 5810 R. The collected RNA pellet was subjected to quantification using a 

Biophotometer (Eppendorf BioPhotometer plus)(Rio et al. 2010). 

 

Real‐time PCR (RT-PCR) 

 

The cells were plated in a 6-well plate at a density of 1X106 cells and maintained in a 37°C incubator with 

5% CO2. After 24 hours, the cells were treated with varying concentrations of TQ. Following the treatment, 

the cells were harvested by trypsinization and suspended in 200-300μl of TRIzol reagent (Invitrogen). The 

cell suspension was incubated at room temperature for 5 minutes to ensure complete dissociation and then 

transferred to 1.5 ml Eppendorf tubes. The tubes were centrifuged at 12,000 rpm using an Eppendorf 

centrifuge 5810 R, and the supernatant was carefully collected. The collected RNA pellet was quantified 

using a Biophotometer (Eppendorf BioPhotometer plus)(Kugaji et al. 2019a). 

 

 

No. Primer 

name 

Sequence 5’ to 3’ Length 

1. PI3KCA-F GGTTGTCTGTCAATCGGTGACTGT 24 

 PI3KCA-R GAACTGCAGTGCACCTTTCAAGC 23 

 

2. PI3KCB-F TTGTCTGTCACACTTCTGTAGTT 23 

 PI3KCB-R AACAGTTCCCATTGGATTCAACA 23 

 

3. RAD51-F TCTCTTCCCATTGCACACCTT 21 

 RAD51-R ACCTGGAAGCTTTCCTAACTAGAG 24 

 

4. BRCA1-F TGAATGACTGCCTTGGGTCC 20 

 BRCA1-R AGGTGATTTCAATTCCTGTGCT 22 

 

5. BRCA2-F CCCTTCTTTGGGTGTTTTATGCT 23 

 BRCA2-R CCTTCCTGTGATGGCCAGAG 20 

 

6. β-actin- F GCCCTGGCACCCAGCACAAT 20 

 β-actin- R GGAGGGGCCGGACTCGTCAT 20 

 

 

Table 1: Primer sequence of PI3KCA/B, RAD51, BRCA1/2 and β-actin. 
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Statistical analysis 

 

Statistical analysis was performed to evaluate the significance of cell viability changes over time. The results 

indicated a significant difference in viability between 24 hours and 48 hours (p < 0.0001). However, no 

significant changes were observed when comparing data between 48 hours and 72 hours. All experiments 

mentioned above were conducted in triplicates, and statistical analysis was performed using GraphPad Prism 

5.1. 

 

RESULTS 

 

TQ stimulates anti-proliferative effects in SKOV-3 and R_SKOV-3 cells 

 

The objective of this study was to investigate the effects of CDDP and TQ on SKOV-3 and R_SKOV-3 

cells(Almosa et al. 2020). The MTT assay was performed in a time and concentration-dependent manner in 

both cell lines (Fig. 1). The IC50 values for CDDP were determined to be 2 μM and 3 μM for 24 hours and 

48 hours, respectively. Similarly, the IC50 values for TQ were found to be 16 μM and 14 μM. For further 

experiments, the IC50 values obtained at 48 hours were used. CDDP resistance was induced in SKOV-3 cells 

by exposing them to increasing concentrations of CDDP (Fig. 2). The IC50 value of CDDP after resistance 

development was found to be 6 μM, while TQ at a concentration of 14 μM effectively inhibited 50% of the 

R_SKOV-3 cells. Subsequent assays were conducted in both SKOV-3 and R_SKOV-3 cell lines to evaluate 

the gene expressions. 

 

 
 

Fig. 1: Illustration of various concentrations of CDDP and TQ treatment for 24 and 48h of cytotoxicity in 

SKOV-3 and R_SKOV-3. 

 

(TQ24 = Treatment of SKOV-3 cells with TQ for 24h; CIS24 = Treatment of SKOV-3 cells with CDDP for 

24h; TQ48 = Treatment of SKOV-3 cells with TQ for 48h; CIS48 = Treatment of SKOV-3 cells with CDDP 

for 48h; RTQ24 = Treatment of CDDP-R_SKOV-3 cells with TQ for 24h; RCIS24 = Treatment of CDDP- 

R_SKOV-3 cells with CDDP for 24h; RTQ48 = Treatment of CDDP- R_SKOV-3 cells with TQ for 48h; 

RCIS48 = Treatment of CDDP- R_SKOV-3 cells with CDDP for 48h) 

 

TQ-mediated gene expression changes in SKOV-3 

 

After treatment with TQ, alterations in the expression levels of PI3KCA/B, RAD51, and BRCA1/2 were 

observed. In PIK3CA, the mean fold after TQ treatment decreased when compared to the control andCDDP.  

Similar effects were observed in PIK3CB, RAD51 and BRCA1.  Correspondingly, for BRCA2 the mean fold 

changereduced the highest in SKOV_3 as compared to control and R_SKOV-3. 
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Fig. 2: RT-PCR was used to analyze the expression levels of PI3KCA/B, RAD51, and BRCA1/2 genes 

in two cell lines, SKOV-3 and R_SKOV-3. The results are presented as mean ± standard deviation (S.D.) of 

the fold change in gene expression. The data represent the average ± SD of three independent experiments. 

Statistical significance p < 0.05, and non-significant differences were observed between control cells and 

treated cells. 

 

DISCUSSION 

 

There has been limited progress in improving the survival rates of OvCa patients, and the outcomes of 

targeted therapies have been unfavourable. Conventional treatments often fail due to the development of 

drug resistance, and the recurrence of tumours is common in women with OvCa. During recurrence, the 

focus of treatment shifts towards managing patient symptoms, controlling disease progression, and 

maintaining the quality of life(Lheureux, Braunstein, and Oza 2019). Phytochemicals (PCs) have 

demonstrated chemo-protective effects in various types of cancer, and they can be administered at lower 

doses with moderate toxicity. These compounds sensitize cancer cells to chemotherapy by limiting 

proliferation and inhibiting metastasis. Among the PCs, TQ has exhibited anti-cancer activity through 

multiple mechanisms, such as promoting apoptosis by regulating the balance between Bax and Bcl-2 

proteins, increasing interferon levels, inhibiting phosphorylated STAT3, and reducing JAK2 

activity(Choudhari et al. 2020). 

 

To determine the anti-cancer effects of potential compounds, it is important to evaluate their ability to inhibit 

cell proliferation. The MTT assay is commonly used for this purpose, as it allows viable cells to convert the 

MTT reagent into a formazan product, which can be detected at a specific wavelength, usually 570nm. In this 

study, a time-dependent MTT assay was conducted to examine the cytotoxic effects of TQ at two-time 

points: 24 hours and 48 hours. 

 

Furthermore, we investigated the expression levels of key genes that have been implicated in the 

development and advancement of OvCa. The impact of TQ on the expression of these genes was observed, 

providing valuable insights into potentially significant pathways. These findings warrant further investigation 

to gain a deeper understanding of their significance and potential implications in OvCa progression. The 

genes PI3KCA/B play a crucial role in the initiation and progression of diverse types of cancer, including 

OvCa(Ghoneum and Said 2019a; Zhao et al. 2018a). Increased copy numbers of PIK3CA/B have been 

observed in ovarian cancer, contributing to the activation of cancer-promoting pathways. These genes aid in 

the proliferation of cancer cells and enable them to evade apoptosis. Interestingly, in this study, it was noted 

that TQ induces apoptosis in SKOV-3 and R_SKOV-3 cells without downregulating PIK3CA/B expression. 

This suggests that TQ induces apoptosis in a manner independent of PI3K signalling. The expression levels 

of RAD51 provide insights into the development of resistance mechanisms(Ghoneum and Said 2019b; Zhao 

et al. 2018b). 
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RAD51 is upregulated in OvCa and serves as a marker for malignant behaviour. Given its significance as an 

oncogene in ovarian cancer, it has been targeted for therapeutic interventions, with ongoing studies 

investigating various inhibitors. Additionally, RAD51's involvement in DNA repair mechanisms contributes 

to drug resistance in cancer cells, making it a valuable indicator of drug responsiveness. Notably, RAD51 

directly interacts with the BRCA1/2 genes to facilitate DNA replication and repair processes(Golmard et al. 

2017; Wang et al. 2015).Despite previous suggestions that TQ indirectly downregulates the expression of 

RAD51, our study did not find substantial evidence to support this claim. However, our findings demonstrate 

that RAD51 expression is indeed decreased in ovarian cancer cells following treatment with TQ. This 

highlights the potential sensitizing effect of TQ on ovarian cancer cells, as reported in other studies, by 

diminishing the repair and replication capabilities of these cancer cells. Nevertheless, it is important to note 

that certain studies have indicated a suppressive impact of TQ on the regulation of BRCA1/2 genes(Kugaji et 

al. 2019b; Linjawi et al. 2015). 

 

In this particular study, the cells treated with TQ exhibited a decrease in the expression levels of BRCA1/2. 

This observation suggests that TQ plays a role in effectively targeting and exhibiting anti-cancer activities in 

both ovarian cancer cells and their resistant counterparts. Further investigations will be conducted to explore 

the specific expressions induced by TQ in resistant cells, thus expanding our understanding of its potential 

mechanisms of action in overcoming resistance. 

 

CONCLUSION 

 

The identification and characterization of various types of OvCa have provided opportunities for innovative 

therapies and their translation into clinical practice. In rare forms of ovarian cancer, establishing a robust 

network that bridges the gap between research and medical care is crucial for enhancing patient outcomes 

and quality of life. Plant-based compounds (PCs) have shown promise in this regard, as they exhibit dual 

roles at optimal doses with minimal side effects. However, they may also present certain limitations, 

including inconsistent metabolism, challenges in targeted delivery, and shortcomings in pharmacokinetics 

and pharmacodynamics. 
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Abstract 

Background: Ovarian cancer (OvCa) malignancy is a widespread type of cancer with a poor prognosis 

contributed by resistance developed against platinum-based drugs. The use of phytochemicals has been an 
innovative key for the treatment of OvCa. The antiproliferative properties of Thymoquinone (TQ) have 

indicated remarkable effects on targeting multiple pathways potentially leading to apoptosis. The aim of the 

study augmenting the effects of TQ in overcoming cisplatin (CDDP) induced drug resistance in SKOV-3 cells.  
Methods:  The cells were treated with increasing doses of TQ in a time-dependent manner. The apoptotic 

bodies were analyzed by DAPI while the mitochondrial membrane potential was analyzed by Rh-123. The 

clonogenic assay was carried out to understand the colony formation potential. The protein expression for Bcl-

2 and p53 were assessed using western blotting.  
Results: The ability of TQ to overcome CDDP-induced drug resistance with the help of TQ in SKOV-3 cell 

lines. The minimum inhibition for SKOV-3 was 3 μM for CDDP and 14 μM for TQ. For the resistant SKOV-

3, the minimum inhibition was 6 μM for CDDP and 14 μM for TQ. The apoptotic bodies, mitochondrial 
membrane, nuclear condensation, and nuclear fragmentation were the observed morphological changes. The 

colony formation assay revealed reducing in the formation of clones. The protein expressions displayed 

modifications in the levels of p53 and Bcl-2 in both cell lines.  
Conclusion: TQ enhances apoptosis in SKOV-3 cells and is effective against the cells resistant to CDDP. This 

indicates a major application of TQ in recurrent OvCa that are resistant to CDDP. 

 

Keywords: Ovarian cancer, thymoquinone, cisplatin, SKOV-3, cisplatin-resistance, apoptosis 
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INTRODUCTION 
One of the primary causes of mortality worldwide 

is cancer, estimating 18.1 million deaths and 9.6 

million new cases. OvCa is the second most 
common and lethal gynecological malignancy, 

often diagnosed at progressive stages. Signs and 

symptoms generally occur at advanced stages such 
as III and IV (1). There are different types of 

reported OvCa, with epithelial OvCa being the 

most prevalent one with a poor prognosis (2). The 

symptoms and signs of OvCa are indistinct, 
unclear, and vague. The risk factors include age, 

menstrual period, hormonal and infertility 

treatment, family history, genetic mutations, 
obesity, and socioeconomic status (3). After a 

sequence of platinum-based treatment or radiation, 

the majority of women experience a relapse of 

tumour or resistance to the drug and hence it is 
essential to develop innovative therapeutic 

approaches (4).    

 
The recurrence of tumour can be associated with 

various factors such as DNA influx/efflux, drug 

target alteration, gene mutations, autophagy, 
epithelium-to-mesenchyme transition, tumour 

microenvironment, hypoxia, multi-drug resistance, 

DNA repair activation and cancer-associated 

fibroblasts (5). Various proteins involved in 
pathways like the PI3K pathway promote apoptosis 

in CDDP-sensitive cells that regulate proteins like 

Bcl-2 and Bax (6). These proteins may be 
modulated in the resistant cells and may not 

respond to CDDP. We study a similar mechanism 

in this investigation, as we compare the expression 
levels of these proteins in the SKOV-3 cells before 

and after inducing CDDP resistance. We induced 

resistance in the cell lines after repeated exposure 

to increasing concentrations of CDDP, which was 
confirmed by the cytotoxic assay, and further by 

comparing the apoptotic activities in resistant cells 

with the CDDP-sensitive ones. 
 

The antiproliferative properties of TQ weaken the 

immune system while protecting the human body 

from other susceptible diseases. It provides 
oxidative damage in the cancer cells and maintains 

the homeostasis of normal cells. It reduces the 

expression of Bcl-2 (anti-apoptotic) on the hand 
and increases pro-apoptotic Bax expressions. It 

decreases the permeability of the mitochondrial 

membrane, triggers ROS, and activates other pro-
apoptotic signaling pathways (7).  TQ has shown 

synergistic effects in cancer cells by augmenting 

the cytotoxicity induced by cisplatin (8), through 

the regulation of Bax and Bcl-2 (9). Moreover, TQ 
has shown sensitizing activity in resistant cells 

(10). In this study, TQ upregulated the pro-
apoptotic proteins in the CDDP-resistant cells as 

seen by western blotting. In general, the efficacy of 

TQ was seen in resistant cells as compared to the 
CDDP-sensitive cells through the various assays in 

the study. The effect of TQ in CDDP-resistant 

SKOV-3 (R_SKOV-3) has not been reported, to 
the best of our knowledge and therefore, we 

attempt to investigate the same. 

 

EXPERIMENTAL 

Methods & Materials 

Chemicals and reagents 

Cisplatin and Thymoquinone (Sigma Aldrich), 
Dulbecco’s Modified Eagle Medium (DMEM) 

(Gibco, Cat. No.-11965092), Antibiotic –

Antimycotic (100X) solution (Thermofisher 

Scientific, Cat. No.-15240062), and Fetal bovine 
serum (FBS) (Gibco, Cat. No.-10270106), MTT 

(3-(4,5-dimethylthiazol- 2-yl)-2,5-diphenyltetra 

zolium bromide (Sigma Aldrich), DAPI (4′,6-
diamidino-2-phenylindole) (D9542). The 

apoptotic kit was Annexin V-FITC Apoptosis 

Detection Kit (R&D Systems, Cat. No. –4830-01-
K). Propidium iodide (PI) (Cat. No.- P1304MP) 

was procured from ThermoFisher Scientific.  The 

primary antibodies anti-beta, B-cell leukaemia 

(Bcl-2), and p53 were purchased from Jupiter Life 
Sciences. The secondary antibody IgG-HRP was 

procured from MERCK. Tetramethylbenzidine 

(TMB) (Cat. No.- T0565) was purchased from 
Sigma Aldrich. Dimethyl sulfoxide (DMSO) and 

paraformaldehyde were procured from Qualigens, 

India.  For protein isolation, RIPA lysis buffer 
(Cat.no. TCL131) and protease inhibitor cocktail 

(ML051) were purchased from HiMedia. 

 

Methods 
Cell Culture 

The SKOV-3 (human ovarian adenocarcinoma) 

cell line was obtained from National Center for 
Cell Science, Pune (India). SKOV-3 was cultured 

in McCoy’s 5A (Modified) medium with 10% of 

FBS and 1% of the antibiotic-antimycotic solution. 

The cells were stored in a 5% CO2 incubator at 
37°C (New Brunswick Galaxy 170R, Eppendorf 

India Private Ltd., India). The cells were sub-

cultured only after reaching 80% confluence for 
every experiment. 

 

Cell viability assay  
The cells were in the culture medium and grown 

until 80% confluency was achieved. Cells were 

then washed with PBS, detached using trypsin-

EDTA, and counted using a hemocytometer. 
Further, 1X102 cells were seeded in a 96-well for 
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24h. These cells were incubated with different 
concentrations of CDDP and TQ for 24 and 48. The 

cells were suspended in 100μl of MTT solution for 

3h and incubated at 37°C. The formazan crystals 
were dissolved in 100μl of DMSO. The optical 

density (OD) was measured using Lisa plus 

Microtitre Reader at 490nm.  Untreated cells were 
used as control. All the groups were compared with 

the control group to calculate the percentage of cell 

viability. The inhibition concentration (IC50) was 

analyzed for a dose-response study that involves 
50% cell death for each drug. The statistical 

analysis was measured by the GraphPad Prism 5.1 

software.  
 

Formula: Surviving cells (%) = Mean OD of 

sample /Mean OD of Negative control ×100            

 

CDDP resistance development 
The parental cell lines were plated 1X106 and 

incubated at 37°C stored at 5% CO2 for 24h. The 
parental cells were treated with increasing 

concentrations of CDDP (starting from 0.2 μM) 

until the concentration was higher than the IC50 
value (3 μM) over a period of several days. The 

method used for the development of resistant cell 

lines was adapted from (11) with slight 

modifications.  
         

Mitochondrial membrane potential (MMP) 

The cells were grown in 24-well plates containing 
coverslips. On a subsequent day, the cells were 

treated with CDDP and TQ. The cells were washed 

with PBS 2-3 times after 48h. The cells were then 
stained with Rhodamine-123 (Rh-123) dye for 30 

min. Further, the cells were washed with PBS and 

fixed using 4% PFA for 30mins. The cells were 

then examined under the fluorescent microscope 
and the intensity was calculated using GraphPad 

Prism 5.1. 

 

Colony formation assay 

The cells were seeded with a cell density of 1X104 

in 6cms plates at 37°C in 5% CO2 overnight. After 

attachment, the cells were treated with 3 μM CDDP 
and 14 μM TQ for SKOV-3, and 14 μM of TQ for 

R_SKOV-3 according to the minimal inhibition 

concentration. After every 2 days, the culture 
medium was replaced for the cells to grow and 

incubated for 14 days at 37°C. After 14 days, the 

cells were washed with PBS 3 times and fixed with 
4% PFA for 15min at room temperature. The 

colonies were stained with 0.4% crystal violet for 

15min and further dried and counted. Each 

independent experiment was carried out in the 
same protocol for both SKOV-3 and resistant 

SKOV-3. The statistical analysis was carried out 
using GraphPad Prism 5.1 software. The number of 

surviving colonies by the number of cells plated 

was used to calculate plating efficiency (PE). The 
cell survival fraction (SF) was the number of 

colonies that arise after treatment in terms of PE.  

 
Formula: SF (treated cells) = PE (treated cells) / 

PE (control) 

 

DAPI staining 
The cells were seeded in a 24-well plate with 

coverslips and treated with CDDP and TQ after 

attachment. The cells were washed with PBS after 
48h and fixed using 4% PFA for 30 min. 1µg/ml of 

DAPI was used to stain the cells incubated at RT 

in the dark for 5min. The cells were observed under 

the fluorescence microscope with 20X 
magnification and visualized using Pro RES® 

Capture Pro software (Jena, Germany).  

 

Protein isolation 

Cells were plated at 1X106 density and then treated 

with CDDP and TQ for 48h. The cells were lysed 
using 500μl RIPA lysis buffer with 10μl of 

protease inhibitor for 1hr on ice with periodic 

vertexing. Further, the cells were transferred to 1.5 

ml Eppendorf tubes and centrifuged at 12,000 rpm 
for 20mins (Eppendorf centrifuge 5810 R). The 

supernatant was collected in a new tube and stored 

at -4°C for further use (12).  
 

Western blotting analysis 

The isolated proteins were thawed and denatured at 
100°C for 3min in a water bath. The proteins were 

separated by 7.5% sodium dodecyl sulfate-

polyacrylamide gel (SDS-PAGE) for 2 ½h at 

110V. The proteins from the gel were transferred 
onto a nitrocellulose membrane using a Towbin 

buffer containing 25 mM Tris, 192 mM glycine, 

pH 8.3 with 20% methanol (v/v) in a transfer 
chamber for 3h at 110V. After transfer the blot was 

blocked using 1% Bovine Serum Albumin 

overnight at 4 °C. The blot was washed with PBS 

thrice, 10 min each. The blot was treated with 
primary antibodies with 1% bovine serum albumin 

(BSA) overnight at 4°C.  The primary antibodies 

used were anti-beta, B-cell leukemia (Bcl-2), and 
p53. The blot was washed with PBS thrice, 10 min 

each. Further, the blot was incubated using goat 

anti-mouse IgG-HRP with agitation for 3 h at room 
temperature. To view the bands, the blot was 

incubated in a TMB substrate for ½h. Rinse the 

blot with Milli Q water to stop the reaction. 
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Statistical analysis 
All the above experiments were carried out in 

triplicates. The data was characterized as mean ± 

standard deviation for each experiment. The 
groups were evaluated using a student's t-test for 

both treatment and control. The significance was 

established at a probability value ≤ 0.05.  

 

RESULTS & DISCUSSION 

TQ stimulates anti-proliferative effects in 

SKOV-3 and resistant SKOV-3 cells  
This study aimed to determine the effects of CDDP 

and TQ in SKOV-3 and R_SKOV-3 cells by 

adapting the procedures described by Almosa et al. 
(13). MTT assay was carried out in a time and 

concentration-dependent manner in SKOV-3 and 

R_SKOV-3 cells (Fig. 1). The IC50 values for 

CDDP were found to be 2 μM and 3 μM for 24 h 
and 48h, respectively. The same was observed for 

TQ at 16 μM and 14 μM. The IC50 values for 48h 

were used for further experiments. The SKOV-3 
cells were subjected to the development of CDDP 

resistance by exposing them to increasing 

concentrations (Fig. 2). Minor morphological 
changes were observed over the course of this 

exposure.  The IC50 value of CDDP after the 

development of resistance was observed at 6 μM 

while TQ at 14 μM, was efficient to inhibit 50% of 
R_SKOV-3 cells. All the further assays were 

carried out in both SKOV-3 and R_SKOV-3 cell 

lines to assess the efficiency of the apoptotic 
activities of the compounds.  

 

 
Fig. 1: Cytotoxicity in SKOV-3 after treatment 

with different concentrations of CDDP and TQ 

treatment for 24 and 48h.  
 

(TQ24 = Treatment of SKOV-3 cells with TQ for 
24h; CIS24 = Treatment of SKOV-3 cells with 

CDDP for 24h; TQ48 = Treatment of SKOV-3 

cells with TQ for 48h; CIS48 = Treatment of 
SKOV-3 cells with CDDP for 48h; RTQ24 = 

Treatment of CDDP-resistant-SKOV-3 cells with 

TQ for 24h; RCIS24 = Treatment of CDDP-
resistant-SKOV-3 cells with CDDP for 24h; 

RTQ48 = Treatment of CDDP-resistant-SKOV-3 

cells with TQ for 48h; RCIS48 = Treatment of 

CDDP-resistant-SKOV-3 cells with CDDP for 
48h) 

 

 
Fig. 2: Induction of CDDP resistance in SKOV-3 

cell lines. The images indicate (1) SKOV-3 treated 

with 0.4 μM/mL (2) SKOV-3 treated with 1.2 
μM/mL (3) SKOV-3 treated with 1.6 μM/mL (4) 

SKOV-3 treated with 2 μM/mL (5) SKOV-3 

treated with 4 μM/mL (6) SKOV-3 treated with 6 
μM/mL (7) SKOV-3 treated with 8 μM/mL and (8) 

SKOV-3 treated with 10 μM/mL.   

 

TQ causes the mitochondrial dysfunction 
The initiation of apoptosis consists of several 

biochemical changes, one of them being 

mitochondrial dysfunction. A change in the 
mitochondrial membrane potential (MMP) (ΔΨm) 

leads to membrane damage and the release of 

cytochrome c thereby causing apoptosis (14).  
 

The ΔΨm loss will be evaluated by using Rh-123 

dye under a fluorescent microscope. The ΔΨm loss 

is visualized by using Rh-123 dye under a 
fluorescent microscope. The mitochondrial 

dysfunction and organelle expansions are indicated 

by the leakage of dye. Upon treatment, SKOV-3 
cells showed significant changes in the MMP, with 

TQ inducing maximum depolarization. In 

R_SKOV-3 cells, the CDDP treatment did not 

induce as much depolarization; while TQ was still 
effective (Fig. 3) (15).  
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Fig. 3: MMP evaluation in SKOV-3 and R_SKOV-3. The images represent: (1) SKOV-3 untreated used as 

control (2) SKOV-3 treated with 3 μM/mL of CDDP (3) SKOV-3 treated with 14 μM/mL of TQ (4) 
R_SKOV-3 untreated (5) R_SKOV-3 treated with 6 μM/mL of CDDP (6) R_SKOV-3 treated with 14 

μM/mL of TQ (7) The bar graph shows the fluorescent percentage in the above-stated groups. Data are 

expressed as mean ± S.D. The significant difference is indicated as ***p < 0.0001, **p<0.01, and *p<0.05 
between control cells vs treated. 

 

Morphological changes stimulated by TQ 
The characteristics of early apoptosis are the 

nuclear and morphological modifications in cells. 

DAPI is a blue fluorescent dye that binds to DNA 

minor grooves. DAPI binds to both living and dead 
cells which can distinguish between the 

morphological transformations. The untreated cells 

show no or very little (due to natural cell death) 
morphological changes (16). The alterations in the 

morphology after treatment with a selected dose of 

TQ for both SKOV-3 and R_SKOV-3 were 
observed by DAPI staining. After treatment with 

CDDP and TQ, nuclear condensation and 

fragmentation, blebbing membrane, and apoptotic 

bodies were observed. Fig. 4 indicates the changes 
in the nuclear material further implying apoptosis 

via TQ treatment even in R_SKOV-3 when CDDP 

showed a diminutive response. 
 

 

 
Fig. 4: Representation of fluorescent images after DAPI staining. The images describe: (1) The intact nuclei 

and high fluorescence intensity are shown in untreated SKOV-3 cells. (2) SKOV-3 treated with 3 μM/mL of 
CDDP (3) SKOV-3 treated 14 μM/mL of TQ (4) Untreated R_SKOV-3 (5) R_SKOV-3 treated with 6 

μM/ml CDDP (6) R_SKOV-3 treated with 14 μM/mL of TQ. The images indicate nuclear membrane 

blebbing and apoptotic body formation (white circles), nuclear condensation (red arrows), and nuclear 

fragmentation (yellow arrows). 
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Effectiveness of TQ to form colonies post-

treatment 
The response to drug treatment in clonogenic cell 

survival indicates the efficacy of the drug (17). The 
survival of cancer cells in the presence of the drug, 

and their ability to form clones from a single cell 

characterizes the uncontrolled growth of cancer 

(18). The results indicate that TQ significantly 
declines colony formation in both groups of cells, 

while multiple colonies continued to grow in the 

presence of CDDP, in the R_SKOV-3 cells (Fig. 

5). 

 

 
Fig. 5: SKOV-3 cells representing the colony formation assay after exposure to TQ and CDDP for 14 days. 

The images signify (1) Untreated SKOV-3 as control (2) SKOV-3 treated with 3 μM/mL CDDP (3) SKOV-3 

treated with 14 μM/mL TQ (4) R_SKOV-3 untreated (5) R_SKOV-3 treated with 6 μM/mL CDDP (6) 

R_SKOV-3 treated with 14 μM/mL TQ. (7) Illustration of colony growth in CDDP and TQ. 

 
The colonies were counted and the graph was 

plotted against untreated control for both. The bar 

graph represents data expressed as mean ± S.D. 
The significance difference indicated as ***p < 

0.0001, **p<0.01, and *p<0.05. 

 

TQ contributes to the modulation in the protein 

expressions  

The modifications in the protein expression were 

analyzed for both SKOV-3 and R_SKOV-3 cells 
post-treatment with CDDP and TQ. Bcl-2 is an 

anti-apoptotic protein, activated in various cancers 

and closely related to chemoresistance, specifically 
studied in OvCa. The up-regulation of Bcl-2 

instigates pro-survival activity in OvCa adding to 

tumorigenesis (19). Our results revealed that after 

the treatment with TQ and CDDP in SKOV-3, the 

Bcl-2 expression significantly changed when 

compared to the control indicating their pro-

apoptotic effects (Fig. 6). Alternatively in 
R_SKOV-3, Bcl-2 significantly reduced after TQ 

treatment. Secondly, p53 functions as a tumor-

suppressor which is down-regulated in the cancer 
micro-environment enabling tumor progression. 

The gene responsible for p53 is also found to be 

mutated in cancers, which enables drug resistance 

(20). In SKOV-3, we observed a slight up 
regulation of p53 upon CDDP and TQ treatment. 

In R_SKOV-3 significant increase was observed in 

response to TQ, which was minimal in CDDP and 
control cells. This shows the regulation of 

apoptotic proteins by TQ in OvCa cells and its 

efficacy in its resistant counterpart. 

 

 

 
Fig. 6: Western blot analysis for p53 and Bcl-2 and the loading control was -actin. (1) Representation of 

changes in protein expression of Bcl-2 and p53 for SKOV-3. (2) Representation of changes in protein 

expression of Bcl-2 and p53 for R_SKOV-3.  
 

CONCLUSION 

Naturally occurring compounds tend to 

synergically work with multiple pathways and 

reduce toxicity levels while increasing the quality 

of life in patients. TQ has been demonstrated as a 

promising therapeutic agent to overcome drug 

resistance and alleviate adverse effects. It has 
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cytoprotective roles on drugs like CDDP, 
carboplatin, paclitaxel, cyclophosphamide, etc., 

which prove its potential forthcoming clinical uses. 

Its effects make individuals less susceptible to 
other diseases in turn protecting them from the 

weakening of the immune system. Also, it shields 

normal human cells from oxidative damage while 
decreasing mitochondrial permeability, dropping 

Bcl-2, and enhancing Bax expression in cancer. It 

produces excessive ROS, and DNA damage, 

activating signaling pathways and further causing 
apoptosis of cancer cells. It also helps to overcome 

drug resistance by obstructive the progression of 

cells.  TQ can be used as broadly used as a novel 
therapeutic in the treatment of OvCa and several 

other types. Hence, TQ proves to be a suitable 

candidate to be taken up to clinical trials to 

remarkably combat distinctive types of cancer. 
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