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Ovarian cancer is known to be a challenging disease to detect at an early stage and is a major cause 
of death among women. The current treatment for ovarian cancer typically involves a combination 
of surgery and the use of drugs such as platinum-based cytotoxic agents, anti-angiogenic drugs, 
etc. However, current treatment methods are not always effective in preventing the recurrence of 
ovarian cancer. As a result, the treatments administered after a relapse need to be more aggressive, 
leading to increased toxicity and drug resistance. To address this issue, researchers are exploring 
the potential of combining existing anticancer agents with novel or repurposed drugs to reduce the 
side effects and improve the effectiveness of treatment. In this study, we have investigated the use 
of rosiglitazone, a well-known anti-diabetic drug, in combination with the chemotherapeutic drug, 
paclitaxel for the prevention of ovarian cancer. The study utilized the SKOV-3 ovarian cancer cell 
line to assess the effects of this combination treatment. The results of the study showed that the 
combination of paclitaxel with rosiglitazone inhibited cell proliferation at much lower concentrations 
of paclitaxel as compared to paclitaxel alone. The combined treatment also induced cell cycle arrest 
at the G2/M phase and increased apoptosis by altering the mitochondrial membrane potential of the 
cells. Additionally, the combination treatment activated the PPAR-γ pathway and downregulated 
expression of genes associated with cancer stemness, such as NANOG, OCT4, and EHF. Furthermore, 
the CAM assay substantiated the anti-angiogenic potential of the synergistic treatment of paclitaxel 
and rosiglitazone. The findings of the study suggest that repurposing rosiglitazone as an anticancer 
agent in combination with paclitaxel has immense potential to target cancer cell cycle progression and 
apoptosis, making it a promising therapeutic approach for sensitizing chemo-resistant population of 
ovarian cancer cells.
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In 2022, global data from Globocan indicates that the number of cancer cases rose to 20 million, resulting in 
9.7 million cancer-related fatalities1. The World Health Organization in 2022 reported that there are 324,398 
new cases of ovarian cancer, with 206,839 resulting in death. In India, ovarian cancer ranks as the third most 
prevalent cancer among females, with 47,333 new cases diagnosed, accounting for 6.6% of all cancers diagnosed 
in women. Ovarian cancer, a diverse disease with a 5-year relative survival rate and bleakest prognosis, is a 
prevalent form of gynecological cancer2. Epithelial ovarian cancer (EOC) is the primary reason behind the most 
deaths among all gynecological cancers, accounting for 90% of ovarian malignancies. EOC is typically diagnosed 
at advanced stages III or IV, leading to a grim prognosis3,4. In India, ovarian cancer is estimated to have the 
second-highest incidence rate globally5.

Surgery and chemotherapy are the main treatments for ovarian cancer; However, patients often experience 
a recurrence with resistance to chemotherapy within a few years of the initial treatment6. Initially, for ovarian 
cancer melphalan was commonly used as a single-agent chemotherapy, but it has been since supplanted by a 

1Department of Life Sciences, School of Sciences, Gujarat University, Ahmedabad 380009, Gujarat, India. 2Division 
of Biological and Life Sciences, School of Arts and Sciences, Ahmedabad University, Central Campus, Ahmedabad 
380009, Gujarat, India. 3Department of Zoology, Biomedical Technology, Human Genetics, and WBC, School 
of Sciences, Gujarat University, Ahmedabad 380009, Gujarat, India. 4Iladevi Cataract and IOL Research Centre, 
Memnagar, Ahmedabad 380052, Gujarat, India. email: kaidjohar@gujuni.ac.in

OPEN

Scientific Reports |        (2024) 14:30672 1| https://doi.org/10.1038/s41598-024-74277-9

www.nature.com/scientificreports

http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-024-74277-9&domain=pdf&date_stamp=2024-12-16


combination therapy involving doxorubicin and cisplatin. By the early 1990s, paclitaxel (PTX) emerged as a 
highly effective treatment option for platinum-resistant ovarian cancer7. PTX has a similar type of side effects as 
that of other therapeutic agents’ carboplatin, and doxorubicin and these effects are dependent on the number of 
chemotherapeutic drugs used for the treatment8. Therefore, it is desirable to reduce the amount of PTX for the 
treatment while maintaining its effectiveness of the treatment. Hence, synergistic treatment of PTX with another 
molecule that can target similar or other mechanisms involved in the development of ovarian cancer is required9. 
Incorporating a biological agent alongside a PTX presents a promising option to maximize therapeutic benefits 
while minimizing toxicity10.

The process of discovering a new therapeutic agent is complex, time-consuming, and costly11. In such 
scenarios, drug repurposing offers numerous advantages compared to the challenges associated with finding 
new agents12. Nuclear receptor-targeting drugs are used for the treatment of various diseases. About 13% of 
the drugs currently on the market target nuclear receptors13. PPAR-γ is a highly conserved nuclear receptor 
expressed throughout the body14,15and shown to play a critical role in cell differentiation, apoptosis, angiogenesis, 
and epithelial-mesenchymal transition. PPAR-γ has been shown to inhibit inflammation and cell migration by 
targeting the PTEN pathway16,17. Several studies have found that PPAR-γ is dysregulated in various cancers18–20. 
PPAR-γ is shown to activate the intrinsic apoptotic pathway in breast cancer cells and enhance the sensitivity 
of pancreatic cancer cells to radiotherapy21,22. Hence, exciting the PPAR-γ can be an option for the treatment of 
ovarian cancer.

The synthetic ligands for PPAR-γ, such as thiazolidinediones (TZDs) like rosiglitazone, troglitazone, 
pioglitazone, and ciglitazone have been developed primarily for treating type II diabetes. Though these TZDs 
including rosiglitazone are associated with side effects, they are still used as add-ons to more popular therapies 
of type II diabetes. These TZDs are also evaluated as therapeutic agents for the treatment of other diseases, 
including cancers23,24. Rosiglitazone (RGZ), one such TZD, has been shown to induce apoptosis and autophagy, 
inhibit cell proliferation and metastasis, reverse multidrug resistance, reduce immune suppression, and inhibit 
angiogenesis through the PPAR-γ dependent pathway in ovarian cancer cell line25,26. RGZ down-regulates FZD1 
and MDR1/P-gp expression in a concentration-dependent manner and suppresses the development of drug 
resistance cancer through the Wnt/β-catenin pathway27. Therefore, RGZ can be a potential PPAR-γ agonist along 
with paclitaxel (PTX) for the treatment of ovarian cancer.

In the present study, we have evaluated RGZ along with PTX as a synergistic therapy for the treatment 
of epithelial ovarian cancer on the SKOV-3 cell line. The safety and effectiveness of each drug alone and in 
combination were assessed using the MTT assay. Additionally, the effects of the combination therapy on nuclear 
fragmentation, cell cycle progression, cell death, mitochondrial function, expression of cancer stem cell genes, 
and angiogenesis were evaluated.

Results
Synergistic treatment induced cytotoxic effect
The cytotoxic impact of rosiglitazone (RGZ), paclitaxel (PTX), and a combination of them was assessed using 
the MTT assay after 24 h of treatment. The results revealed that PTX, RGZ, and their combination was effective 
in reducing cell survival in a dose-dependent manner. PTX displayed an IC50 value of 25 nM, whereas RGZ 
exhibited an IC50 value of 25 µM (Fig. 1). Interestingly, the combination treatment had an IC50 of 1 nM for PTX 
and 0.5 µM for RGZ (Fig. 1) which is significantly less than that of RGZ and PTX alone. These findings suggest 
that the synergistic effect of PTX and RGZ can effectively hinder cell proliferation at much lower concentrations 
than those required for individual treatments. Based on these findings, concentrations of 1 nM for PTX and 0.5 
µM for RGZ were selected for further analysis.

Combination index analysis (Fig. 2) showed that CI value of RGZ with PTX is less than 1 which indicates that 
this combination is highly synergistic to each other. Table 1 shows different CI values at different concentrations 
of RGZ and PTX.

Synergistic treatment-induced G2/M arrest
We have analyzed the effect of the combinatorial treatment of PTX and RGZ on the distribution of SKOV-3 
cells in the different phases of cell cycle. Most of the cells treated with PTX + RGZ were found in the G2/M 
phase (P < 0.001) along with a reduction in the number of cells in the G0/G1 (P < 0.001) and S phase (P < 0.001) 
compared to that of control (Fig. 3). There was a notable increase in the accumulation of cells in the sub-G0/
G1 phase in the RGZ alone treated group compared to the control, PTX alone, and PTX + RGZ group. The 
substantial increase in the number of cells in G2/M phase suggests that the cells were arrested in this stage of cell 
cycle due to the treatment of PTX compared to control and RGZ alone. In the combination treatment group, the 
number of accumulated cells in the sub-G0/G1 phase is lesser than in the RGZ-treated group while the number 
of cells in the G2/M phase is more in PTX alone compared to PTX + RGZ and control.

Synergistic treatment induces apoptosis
One of the best hallmarks of apoptosis is the condensation followed by fragmentation of the nuclei. We have 
labeled nuclei with propidium iodide (PI) observed under the fluorescence microscope and images were 
captured. The number of condensed nuclei was counted. Following treatment with PTX + RGZ, there was a 
notable increase in the number of condensed nuclei compared to that of control (P < 0.001), PTX alone 
(P < 0.001), and RGZ alone (P < 0.001) (Fig. 4).
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Fig. 1. Cytotoxic effect of paclitaxel (PTX) and rosiglitazone (RGZ) on SKOV-3 ovarian cancer cells. (a) 
Percentage cell survival after 24 h treatment of 1 nM, 5 nM, 10 nM, 25 nM, 50 nM and 100 nM PTX. (b) 
Percentage cell survival after 24 h of treatment of 0.1 µM, 1 µM, 10 µM, 25 µM, 50 µM, 75 µM RGZ. (c). 
Percentage cell survival after 24 h of combined treatment of 0.1 µM, 0.25 µM, 0.5 µM, 1 µM, 2.5 µM and 5 µM 
of RGZ and 1 nM PTX. Error bars represent the mean ± SEM of three independent experiments. *p < 0.05, 
**p < 0.01 and ***< 0.001 as compared to that of the control.
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Synergistic treatment reduces mitochondrial membrane potential
JC-1 is a positively charged fluorescent dye that is utilized to pinpoint the physiological state of mitochondria 
within the cells. In healthy cells, JC-1 forms J- aggregates that emit red fluorescence. Conversely, in unhealthy 
cells, J-aggregates fail to form, and JC-1 remains in its monomeric state, emitting green fluorescence. Our 
findings indicate that the ratio of red to green fluorescence cells decreases in cells treated with PTX and RGZ. 
Furthermore, there is a notable decrease in the red-to-green fluorescence ratio in cells treated with both RGZ 
and PTX in combination, as compared to cells treated with RGZ or PTX alone, as well as the control (Fig. 5).

Synergistic treatment reduces the expression of cancer stemness markers and 
increases the expression of PPAR-γ
The impact of RGZ and PTX on cancer stemness genes and PPAR-γ was carefully assessed. Our results 
demonstrate a notable decrease in the expression of EHF, OCT4, and NANOG due to combined treatment 
of PTX and RGZ. The gene expression levels of EHF, OCT4, and NANOG were reduced by 77% (P < 0.001), 
75% (P < 0.001), and 80% (P < 0.001) respectively in the PTX + RGZ treated samples compared to the control, 
PTX alone and RGZ alone (Fig. 6). Given that RGZ acts as a specific agonist for the PPAR-γ receptor, it was 
crucial to examine the effect of combinatorial treatment on the protein expression levels of PPAR-γ. Along 
with PPAR-γ, we have also studied the protein expression of β-actin and PPAR-α to normalize the expression 
of PPAR-γ. As compared to β-actin, there is little decrease in the expression of PPAR-γ due to PTX treatment 
but increased 300 times after RGZ treatment (P < 0.001) and 400 times after the combination treatment of PTX 
with RGZ (P < 0.001) compared to that of control (Fig. 7). As compared to PPAR-α also, PPAR-γ level increased 
350 times after RGZ treatment (P < 0.001) and 275 times after the combination treatment of PTX with RGZ 
(P < 0.001) compared to that of control. Hence, the exposure of RGZ alone as well as RGZ with PTX increased 
the expression of PPAR-γ (Fig. 6).

Synergistic treatment inhibits angiogenesis in the CAM model
An angiogenesis assay was conducted to assess the effectiveness of combined treatment in the CAM (chick 
chorioallantois membrane) in-vivo model. We have measured the number of micro-vessels of the same region 
at 0  h and after 24  h of exposure to explain the effect of treatment on angiogenesis. Our result shows that 
treatment of PTX alone, RGZ alone, and a combination of PTX with RGZ decreased the number of micro-
vessels. However, the effect was highest in the combination treatment of PTX with RGZ compared to that of 
control, PTX alone and RGZ alone (Fig. 8).

Rosiglitazone (nM) Paclitaxel (nM) CI values

500 1 0.11194

1000 1 0.11320

2500 1 0.11207

5000 1 0.09698

10,000 1 0.10606

25,000 1 0.16282

Table 1. Combination index (CI) value of paclitaxel (PTX) and rosiglitazone (RGZ).

 

Fig. 2. Logarithmic combination index plot and normalized isobologram for rosiglitazone (RGZ) and 
paclitaxel (PTX).
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Discussion
The use of synergistic therapy offers numerous benefits compared to monotherapy10. Synergism of two or 
more drugs can overcome toxicity and other side effects on tissues which are associated with high doses of 
each individual compound by either countering biological compensation or sparing doses on each compound. 
Moreover, synergism treatment can improve the efficiency of the treatment and reduce the development of 
drug resistance33. Research conducted by Miao and his colleagues corroborates our results, indicating that 
PPAR-γ agonist along with all-trans retinoic acid not only regulates lipid and glucose metabolism but also plays 
a crucial role in promoting tumor cell differentiation, inducing apoptosis, and suppressing tumor angiogenesis 
in human colorectal cancer cell line34. Considering this, our research focuses on utilizing a combination of 
drugs to potentially target the aggressive ovarian cancer cells. Specifically, we have combined the traditional 
chemotherapeutic drug paclitaxel (PTX) with rosiglitazone (RGZ) to enhance treatment efficacy and minimize 
adverse effects. We have chosen the SKOV-3 ovarian cancer cell line for our current research, known for its 
resistance to tumor necrosis factor and various cytotoxic drugs like diphtheria toxin, cisplatin, and adriamycin52. 

Fig. 3. Synergistic treatment of paclitaxel (PTX) and rosiglitazone (RGZ) on the cell cycle of SKOV-3 ovarian 
cancer cells. (a) Cell cycle distribution. (b) Percent alteration in the cell cycle in control and combination 
treatment of PTX and RGZ groups. Error bars represent the mean ± SEM of three independent experiments. 
ns = non-significant, **p < 0.01 and ***< 0.001 as compared to that of the control. ns1  non-significant as 
compared to that of PTX alone. ns2 non-significant, @@@p < 0.001 as compared to that of RGZ alone.
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We investigated the effects of a combination treatment on the SKOV-3 cell line both in vitro and using the CAM 
in vivo model. Our findings demonstrate that the synergistic treatment leads to a decrease in mitochondrial 
membrane potential, triggers apoptosis, halts cell cycle progression and decreases cancer stemness in the SKOV-
3 cell line and impedes angiogenesis in the CAM model. Due to the inclusion of RGZ along with PTX in the 
current study, we were able to reduce the dose of PTX considerably to induce changes like or even better than 
that of PTX alone. Reduction in the amount of PTX can directly reduce the PTX-related side effects.

The current research utilized the MTT assay to assess cellular metabolic activity and cytotoxicity. The study 
found a notable reduction in the need for the chemotherapeutic agent, PTX. This suggests that using PTX 
together with RGZ could be an effective treatment for drug-resistant SKOV-3 ovarian cancer cells25,35. Sheu and 
her team previously discovered that RGZ can inhibit the proliferation of endothelial cells in the human umbilical 
vein by targeting key cell cycle regulators36. In this study, we evaluated dose-effect curve of RGZ and PTX to find 
out the synergism between these two drugs. Combination index values in the SKOV-3 cell line showed below 1 
which indicate strong synergism of RGZ and PTX.

Our findings reveal that the combined treatment of PTX and RGZ leads to a significant increase in the number 
of cells arrested in the G2/M phase of the cell cycle. This combination treatment also results in an enhanced 
population of cells in the sub G0 phase and a decrease in the G0/G1 phase compared to the control group. Wang 
and his colleagues observed that the synergistic effects of vincristine and RGZ treatment unregulated cyclin B1 
and down-regulate pcdc2 genes, which cause cell arrest in the G2/M phase of the cell cycle in oral epidermoid 
carcinoma cells37.

Our findings reveal that the ratio of red to green fluorescence was notably lower in cells treated with PTX + RGZ 
compared to those treated with only RGZ or PTX, suggesting a potential involvement of programmed cell death 
through the intrinsic apoptosis pathway. Previous research has demonstrated that combination therapy of 
rosiglitazone and ranpirnase can kick start significant depolarization of the mitochondrial membrane, trigger 
nuclear fragmentation, and initiate apoptosis38,39. Thus, through modifications in mitochondrial metabolism 
and membrane potential, cancer cells can become more susceptible to treatment methods that aim at disrupting 
other vital functions such as cell cycle progression and initiation of cell death40.

In addition, RGZ has been found to induce apoptosis by upregulating the expression of PTEN in hepatocellular 
carcinoma and facilitating apoptosis in ovarian cancer when combined with olaparib41,42. Treatment with RGZ 
has also been shown to down-regulate Bcl-2 and survivin, up-regulate the BAX gene, and activate caspase 3 
to induce apoptosis in carcinoma cell lines43. Thus, these collective observations indicate that the synergistic 
treatment of PTX and RGZ enhances the anti-proliferative response, suppresses self-renewal, and induces 
apoptosis more effectively than individual treatment.

Moreover, we assess how combination therapy impacts the activity of cancer stemness genes. Various studies 
have shown that upregulation of EHF, OCT4, and NANOG promotes cell growth, migration, resistance to 
chemotherapy, advancement of cancer, tumor formation, development of cancer stem cells, and malignancy44–48. 
Noteworthy findings from our current research reveal reduced levels of cancer stemness genes NANOG, OCT4, 
and EHF in synergistic treatment. Significantly, there was a rise in the protein levels of PPAR-γ in combined 
treatment as opposed to individual treatments with RGZ and PTX. This suggests that an increase in PPAR-γ 
triggers a PPAR-γ-dependent pathway, ultimately leading to decreased expression of the three stemness marker 
genes. Inhibition of EHF has been shown to curb the invasion, growth, and tumor formation of ovarian cancer 

Fig. 4. Effect of paclitaxel (PTX) and rosiglitazone (RGZ) on the nuclear fragmentation of SKOV-3 ovarian 
cancer cells. (a) Nuclei stained with propidium iodide. Scale bar 34 mm. (b) Number of fragmented nuclei 
in control and combination treatment of PTX and RGZ (1 nM + 0.5 µM) groups. Error bars represent the 
mean ± SEM of three independent experiments. ***< 0.001 as compared to that of the control. ###p < 0.001 as 
compared to that of the PTX alone. @@@p < 0.001 as compared to that of the RGZ group.
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cells49. Lowered expression of NANOG, OCT4, and EHF alongside increased expression of PPAR-γ likely 
regulates the activity of crucial genes that contribute to the formation of the stem cell “Niche” in ovarian cancer.

Angiogenesis plays a crucial role in cancer growth as solid tumors need a blood supply to continue growing 
and spreading. Lokman and his team illustrated that the CAM assay is an effective and cost-efficient method for 
studying the spread of ovarian cancer cells31. Additionally, PPAR-γ is highly present in the cells that line tumor 
blood vessels and can hinder tumor growth by stopping angiogenesis24,50. It has also been found that PTX can 
reduce the levels of vascular endothelial growth factor (VEGF) in tumors51. Previous research by Sheu and his 
team demonstrated that RGZ notably reduced VEGF-induced tube formation and movement of endothelial 
cells, likely due to disruptions in the actin cytoskeleton36. Building on previous studies, our research reveals a 
significant decrease in the number of small blood vessels in the group treated with PTX + RGZ compared to 
those treated with just RGZ, PTX, or control.

Fig. 5. Effect of paclitaxel (PTX) and rosiglitazone (RGZ) on the mitochondrial membrane potential in SKOV-
3 ovarian cancer cells. (a) Mitochondria were stained by JC-1 fluorescent dye. Red-colored mitochondria 
have their membrane polarized while green stain represents unpolarized mitochondria. (b) Percent ratio of 
red versus green fluorescence in SKOV-3 ovarian cancer cells. Error bars represent the mean ± SEM of three 
independent experiments. ***< 0.001 as compared to that of the control. ###< 0.001 as compared to that of the 
PTX alone. @@@< 0.001 as compared to that of the RGZ alone.

 

Scientific Reports |        (2024) 14:30672 7| https://doi.org/10.1038/s41598-024-74277-9

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Conclusion
The emergence of drug resistance in ovarian cancer significantly correlates with a decline in clinical outcomes 
and severely restricts the effectiveness of existing cancer therapies. Growing evidence indicates that increased 
expression of certain proteins and modifications to signaling pathways are responsible for chemo-resistant 
ovarian cancer.

Therefore, there is a need for emerging synergistic therapies that utilize chemotherapeutic agents at lower 
concentrations along with other drugs to overcome the resistant effect of conventional cancer drugs along with 
providing effects to other therapeutic targets. The findings of this study demonstrate that the combination of 
rosiglitazone with paclitaxel inhibits cell proliferation and promotes apoptosis in SKOV-3 ovarian cancer cells 
that are resistant to tumor necrosis factor along with inhibition of angiogenesis in CAM in vivo model. This 
synergistic effect of rosiglitazone with paclitaxel appears to be mediated by the activation of PPAR- γ and the 
suppression of cancer stemness genes. Investigating this synergistic therapy in different ovarian cancer cell lines, 
primary cells, and patient-derived cells is crucial to determine its specificity and effectiveness.

Methodology and materials
Cell culture and maintenance
The SKOV-3 human ovarian adenocarcinoma cell line was procured from the National Centre for Cell Science 
(NCCS) in Pune, Maharashtra, India. The cells were grown in DMEM-F12 (Dulbecco’s Modified Eagle Medium/
Nutrient Mixture F-12, Hyclone) medium supplemented with 10% FBS (Fetal bovine serum, Hyclone) and 
penicillin, streptomycin, amphotericin B antibiotics at 37 °C with 5% CO2. Subculturing was done when cells 
reached 70% confluence for further experiments.

MTT assay and combination index
MTT assay was conducted to assess the impact of the experimental compounds on cell viability, following the 
methodology outlined by Loosdrecht et al. and Shukal et al. SKOV-3 human ovarian cancer cells were plated in 
96-well plates at a concentration of 1 × 104 cells/well. The cells were maintained for 36 h in DMEM-F12 media 
with 10% FBS in a CO2 (5%) incubator at 37 °C. After 36 h, the cells were exposed to varying concentrations of 
RGZ (0.1 µM, 1 µM, 10 µM, 2 µM, 50 µM, 75 µM) and PTX (1 nM, 5 nM, 10 nM, 25 nM, 50 nM and 100 nM). 
In a combination study, five different concentrations of RGZ (0.1 µM, 0.25 µM, 0.5 µM, 1 µM, 2.5 µM and 5 µM) 
were combined each with 1 nM of PTX to determine the IC50 value. Following a 24-hour incubation period, 
10  µl of MTT (3-(4,5-dimethylthiazol- 2-yl)-2,5-diphenyltetrazolium bromide) solution in PBS (phosphate 
buffer saline) (5 mg/ml) was added to each well and incubated for an additional 4 hours at 37 °C. The media 
was then removed, and formazan crystals that had formed were dissolved in 100 µl of DMSO. Absorbance levels 

Fig. 6. Effect of paclitaxel (PTX) and rosiglitazone (RGZ) on the mRNA expression of stemness determining 
genes in SKOV-3 ovarian cancer cells. GAPDH was used as a housekeeping gene. Error bars represent the 
mean ± SEM of three independent experiments. ***<0 .001 as compared to that of the control. ###< 0.001 as 
compared to that of the PTX alone. @@@< 0.001 as compared to that of the RGZ alone.
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were measured at 570 nm using a microplate reader (Bio-Tek Epoch microplate spectrophotometer, Vermont, 
USA). Compusyn software was used to find out the combination index value for the synergistic treatment of 
RGZ and PTX.

RNA extraction
RNA was isolated from both treated and untreated cells following the protocol outlined by Heidary and 
colleagues in 2014. A minimum of 106 cells were used to extract RNA. Treated cells (1 nM PTX + 0.5 µM RGZ) 
in were first washed by PBS. After aspiration of PBS as much as possible, TRIzol was added. After incubation for 
5 min at room temperature, centrifugation was done at 10,000 rpm for 5 min. Carefully the aqueous phase was 
removed using a pipette and placed in another 1.5 ml Eppendorf tube. Isopropanol was added to the aqueous 
phase and mixed gently. Centrifugation was done at 14,000 rpm for 20 min followed by incubation for 5 min at 
room temperature. Poured off the isopropanol and added 1 ml 75% ethanol in DEPC-treated H2O. Mix it gently 
and centrifuged at 10,000 rpm for 5 min. After pouring off ethanol, a barely visible pellet was found of RNA. 
The extracted RNA was then dissolved in 30µL of nuclease-free water. The quantity and quality of the RNA were 
measured using the Agilent 2100 Bioanalyzer from Agilent Technologies (USA) and the Qubit 4 Fluorometer 
from Thermo Fisher Scientific (USA).

Quantitative gene expression using real-time PCR
The RNA extracted from cells was converted into complementary DNA (cDNA) using the iScript cDNA 
Synthesis Kit from Bio-Rad Laboratories (USA), following the provided instructions. The cDNA was then 
amplified through real-time PCR on the AriaMx Real-time PCR System by Agilent Technologies (USA), using 
specific primer sequences according to the manufacturer’s protocol. The upstream and downstream primer 
sequences of stemness marker genes are as follows: OCT4 (F):  C T T G A A T C C C G A A T G G A A A G G G, OCT4 (R):  
C C T T C C C A A A T A G A A C C C C C A, NANOG (F):  A A G G T C C C G G T C A A G A A A C A G, NANOG (R):  C T T C T G 
C G T C A C A C C A T T G C, EHF (F):  C C T T T G G T C C T T C C C A T C A C A, EHF (R):  G C C T C T A T T T T C T C A C T C C A 
C C. The mRNA expression levels of the target genes were compared to a control group using the 2 −ΔΔCT method.

Fig. 7. Effect of paclitaxel (PTX) and rosiglitazone (RGZ) on the expression of PPAR-γ protein expression in 
SKOV-3 ovarian cancer cells. β-actin and PPAR-α were used as housekeeping genes. Error bars represent the 
mean ± SEM of three independent experiments. ***< 0.001 as compared to that of the control. ###< 0.001 as 
compared to that of the PTX alone. @@@< 0.001 as compared to that of the RGZ alone.
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Cell cycle analysis
Cells were planted in a 6-well at a concentration of 0.5 × 106 cells per well. After 24 h of being treated with drugs 
RGZ and PTX, the cells were fixed in 1 ml of 70% ethanol. To analyze them using flow cytometry, 1 ml of a 50 µg/
ml solution of propidium iodide (PI) in PBS from Invitrogen kit was added to the preserved cells Subsequently, 
the samples were incubated for 30 min at 4ºC before being examined using a Ctyoflex LS (Beckman Coulter flow 
cytometry) as per the guidelines provided by the cell cycle kit BD™ DNA QC Particles, BD Biosciences (USA).

Apoptosis assay
Following the treatment of PTX and RGZ (1 nM + 0.5 µM), the proportion of cells undergoing programmed cell 
death was quantified by utilizing the Annexin V- fluorescein isothiocyanate (FITC)/PI from kit BD Pharmingen™ 

Fig. 8. Effect of paclitaxel (PTX) and rosiglitazone (RGZ) on the angiogenesis in chicken eggs. (a) Blood 
vessels in 7-day-old chicken eggs treated with PTX, RGZ, and their combination. Bar  5 mm. (b) Alteration in 
several micro-vessels. Error bars represent the mean ± SEM of three independent experiments. ***< 0.001 as 
compared to that of the control. ###< 0.001 as compared to that of the PTX alone. @@@< 0.001 as compared to 
that of the RGZ alone.
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FITC Annexin V Apoptosis Detection Kit with the Ctyoflex LS (Beckman Coulter flow cytometry) as per the 
guidelines provided by the manufacturer Beckman Coulter Life Sciences (USA).

Nuclear fragmentation
Following a 24-hour treatment period, the SKOV-3 cell monolayers were subjected to staining with 10 µg/ml 
of propidium iodide (PI) from BD Biosciences (USA) in PBS for 5 min. The stained cells were then observed 
using the ZOE™ Fluorescent Cell Imager (USA). Subsequently, the fragmented and total numbers of nuclei were 
quantified in 10 specific fields from each sample.

Evaluation of mitochondrial membrane potential (MMP)
Following the treatment, the cells underwent staining with JC-1 (1 mg/ml) and were then placed in an incubator 
at 37ºC for 15 min in a dark environment. The stained samples were observed using a fluorescent microscope 
(Axioskope II, Carl Zeiss, Oberkochen, Germany). The intensity of the staining captured in the images through 
the red and green channels was quantified using Image J software.

Western blotting
To conduct western blotting, cells were grown in six-well plates. Following treatment, the cells were washed 
with cold PBS and then collected in a 1X sample buffer. After a brief sonication, the cell lysate was centrifuged 
at 12,000g for 10 min at 4 °C, and the resulting supernatant was transferred to a new tube. The total protein 
content was determined using the BCA protein assay kit. Equal amounts of protein were loaded onto Bis-Tris 
gradient gels (ThermoFisher) in each well. The gels were then subjected to electrophoresis at 100 V until the 
marker proteins (BioRad Laboratories, USA) were separated. Subsequently, the proteins were transferred onto a 
nitrocellulose membrane. The membrane was blocked with 5% BSA and then incubated with a primary antibody 
overnight at 4 °C. Following this, the membrane was exposed to an anti-rabbit or anti-mouse antibody tagged 
with horseradish peroxidase (HRP) for an hour at 37 °C. The membrane was then washed with tris-buffered saline 
containing 0.1% Tween 20 detergent (TBST), and the protein bands were visualized using chemiluminescence 
ECL substrate (BioRad Laboratories, USA). The images were captured using a gel doc system, and the intensities 
of the bands were quantified using ImageJ software (version 1.45, NIH, Bethesda, Maryland, USA).

In vivo chick chorioallantois membrane (CAM) angiogenesis assay
Obtained from a government poultry farm in Makarba, Ahmadabad, Gujarat, India, fertilized Rhode Island Red 
hen eggs that had been incubated for six days were used in the study. The eggs were kept in an incubator set at a 
temperature of 37 ± 1 °C with 60% humidity for 24 h. The CAM assay, as outlined by Lokman et al.31 and Rathaur 
et al.32, was carried out. To conduct the assay, a small opening was delicately made at the broader end of each egg 
on the eighth day. Various concentrations of RGZ and PTX in combination were then directly applied onto the 
CAM. The openings were sealed with sterile parafilm, and the eggs were placed back in the incubator for another 
24 h. Before and after the drug treatment, images of the blood vessels were captured using a mirror lens camera 
from Sony, Japan, paired with a 90 mm macro lens from Sony, Japan. The level of angiogenesis was determined 
by counting the number of micro-vessels at 24- and 0 h post-treatment.

Statistical analysis
The results were expressed as mean ± SEM. Statistical analyses were conducted using GraphPad Prism version 
7.0. A one-way analysis of variance (ANOVA) followed by Tukey’s test was utilized to compare the means of 
multiple groups. A p-value of ≤ 0.05 was considered statistically significant.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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