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A B S T R A C T

Objective: The objectives of this study were to explore the cytotoxic potential of different fractions (Hexane, 
chloroform, ethyl acetate and methanol) of Plumbago zeylanica L. root powder.
Methodology: In this study, PzMH, PzMC, PzME, and PzMM fractions from the root powder of P. zeylanica were 
obtained through the cold maceration technique. The cytotoxic properties of these fractions on MG-63 cells were 
assessed using the MTT assay. The most potent fraction was further analyzed to understand its cytotoxic 
mechanism. To explore its apoptosis-inducing potential, microscopic and flow cytometric studies were con-
ducted. Additionally, western blot analysis was used to examine the expression levels of proteins associated with 
apoptotic pathways.
Results: PzMH showed the highest cytotoxicity against MG-63 osteosarcoma cells, with a GI50 value of 53.07 µg/ 
ml. Flow cytometric studies revealed an upsurge in reactive oxygen species and disruption of mitochondrial 
membrane potential. The highest concentration of PzMH fraction (183.48 µg/ml) led to 62 % cell population 
arrest at G0/G1 stage. The anti-apoptotic protein Bcl2 was downregulated, with p53, cleaved-caspase 9, cleaved- 
caspase3, Bad and Bax expression upregulated. HPLC analysis revealed the presence of lawsone, p-coumaric acid, 
plumbagin, and 4-hydroxy benzaldehyde, indicating that the quinone-rich fraction of Plumbago zeylanica L. at-
tenuates the proliferation of MG-63 osteosarcoma cells through the Bax/Bcl-2 pathway.
Conclusion: To the best of our current knowledge, this marks the first documented case where the hexane fraction 
enriched with quinones extracted from the roots of P. zeylanica demonstrates its ability to induce apoptosis by 
influencing the Bax/Bcl2 pathway.

1. Introduction

Last few decades have witnessed a tremendous advancement in 
health care system, still cancer continues to be a major global public 
health issue and remains one of the leading causes of death worldwide. 
The rising incidence of cancer is particularly evident in Africa, Asia, and 

Central and South America, which together account for more than 70 % 
of all cancer-related deaths worldwide. (Nguyen et al.,2020). Based on 
the data from the Global Cancer Observatory, lung cancer emerged as 
the predominant etiology of cancer related mortality globally in the year 
2020 (Chhikara & Parang, 2022). A substantial proportion of lung 
cancer cases are typically diagnosed at an advanced stage, characterized 
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by metastatic spread. Notably, bone metastasis gradually manifest in the 
majority of individuals affected by lung cancer. Compared to the 12 to 
15 months of survival typically seen in patients with metastatic lung 
adenocarcinoma, those with bone metastass from lung cancer face a 
grim outlook, with median overall survival ranging between 6 and 8 
months. (Chambard et al.,2018). One of the most common malignant 
primary bone cancers is osteosarcoma (OS), which has a peak frequency 
either in young people or people older than 50 years. (Rabelo et al., 
2022). The 5-year overall survival rate of nonmetastatic OS patients is 
nearly 77 %, whereas the 5-year overall survival rate of metastatic OS 
patients is less than 20 %. The possible causes of osteosarcoma can be 
prior therapeutic radiotherapy, tall height, heavy weight at the time of 
birth and many pre-existing cancer susceptibility syndromes, such as Li- 
Fraumeni syndrome, Paget’s disease and inherited retinoblastoma (Cole 
et al.,2022). Due to some biochemical intricacies involved in tumor 
formation, the specific etiology of bone cancer is still unknown. Cell 
cycle deregulation and lack of apoptosis are considered essential hall-
marks of cancer cells (Koh et al., 2020). Genetic alterations, coupled 
with dysregulated expression of cell cycle regulators and the loss of 
tumor suppressor alleles, have been associated with the inactivation of 
tumor suppression mechanism. This inactivation allows cells to bypass 
crucial checkpoints and undergo uncontrolled proliferation (Abreu 
Velez & Howard, 2015).

Malignant diseases frequently present formidable challenges when it 
comes to their treatment using conventional therapeutic approaches, 
primarily due to the dual burdens of economic constraints and the 
debilitating side effects associated with these treatments. Research 
shows phytochemicals have potential for chemoprevention and 
chemotherapy (Zhang et al., 2022). Natural plant compounds including 
capsaicin, Asiatic acid, honokiol, and betulinic acid cause apoptosis by 
downregulating pro-survival/anti-apoptotic markers like Bcl-2 and Bcl- 
xl and upregulating pro-apoptotic markers like cytochrome c, bax, and 
activating the caspase cascade. Similarly, ginsenoside, atractylodin, 
β-eudesmol, fucosterol, thymol and silymarine arrest cell cycle at G0/G1 
and G2/M phases (Koh et al., 2020).

Plumbago zeylanica L. is a well-known herbal plant commonly known 
as Ceylon leadwort (Tokarz et al.,2020). P. zeylanica, a perennial plant, 
in Ayurveda, is known as chitrak and its roots as chitramula (Bhinde 
et al.,2020). It is widely spread in India and Sri Lanka and has antioxi-
dant, antimicrobial, anti-inflammatory, antidiabetic, anti-
hyperlipidemic, antiulcer and hepatoprotective activities (Shukla 
et al.,2021). Quinones, divided into naphthoquinones, benzoquinones, 
and anthraquinones, possess various pharmacological properties, 
including anticancer, apoptotic, antibiotic, antiallergenic, antiviral, 
antiplatelet inhibitory, anti-ringworm, antifungal, blood thinning, and 
radical scavenging properties (Rahman et al.,2022). Therefore, this 
study focused on exploring the anticancer potential of P. zeylanica L. 
which is rich in quinones against MG-63 osteosarcoma cell line.

2. Materials and methods

2.1. Extract preparation and cell culture

Roots of Plumbago zeylanica L. were obtained from Amritsar (Majith 
Mandi) and authenticated at CSIR-CIMAP in Lucknow, India. The 
voucher specimen (Accession no. P035) was submitted to the CSIR- 
CIMAP crude drug repository. The roots were dried and powdered and 
subsequently macerated in various solvents viz. hexane, chloroform, 
ethyl acetate and methanol for 72 h, resulting in PzMH (0.17 %), PzMC 
(0.40 %), PzME (0.58 %) and PzMM (6.25 %) fractions respectively. The 
extracts were filtered and concentrated using a rotavapor (Buchi R-210, 
Flawil, Switzerland).

The MG-63 (osteosarcoma) cells were obtained from the National 
Centre for Cell Science (NCCS) Pune and grown in culture flasks using 
DMEM medium, to encourage ideal cellular development, media was 
enhanced with 10 % FBS and treated with sodium bicarbonate. A precise 

temperature of 37 ◦C and 5 % carbon dioxide was maintained in the 
culture environment.

2.2. Assessment of cytotoxic activity and cell migration assay

The cytotoxic activity of P. zeylanica fractions was assessed using an 
MTT assay with few adjustments (Mickisch et al.,1990). MG-63 cells (8 
× 103 cells/well) were seeded in a 96 wells microplate and placed in CO2 
incubator for 24 h. Subsequently different concentrations of P. zeylanica 
root fractions (15.625 to 500 µg/ml) were used to the treat the cells for 
24 h. After 48 h, the cells in each well were treated with 20 µl MTT and 
incubated for 3 h to assess the capacity of living cells to convert MTT 
into insoluble formazan crystals (purple colored). The optical density 
measurements at 570 were carried out with the help of a multi-well plate 
reader and percent growth inhibition was calculated with the following 
formula 

%GrowthInhibition =
Absc − Abst

Absc
× 100 

where, Absc: absorbance of untreated control cells, Abst: absorbance of 
cells treated with P. zeylanica root fractions the method of

Cell migration capability was tested using a cell scratch experiment 
as per the method of (Liang et al.,2007).

2.3. Morphological changes and nuclear morphology analysis

In a 6-well plate, MG-63 cells (8 × 105/well) were grown and 
incubated with various concentrations of PzMH fraction (15.35, 53.07 
and 183.48 µg/ml) for 24 h following confluency. The cells were 
observed under an inverted microscope and images were acquired 
(Nikon Eclipse TS2, Tokyo, Japan) to study the nuclear morphology. The 
PzMH fraction, at concentrations of 15.35, 53.07, and 183.48 µg/ml, 
was introduced into the cellular milieu for a duration of 24 h. post- 
incubation, the cells underwent fixation for 20 min in cold para-
formaldehyde (4 %) within a light-restricted environment, followed by a 
thorough rinse with saline phosphate-buffered (PBS). Subsequent to this 
step, the cells were subjected to incubation with DAPI dye (10 µg/ml) for 
a period of 30 min. Thereafter, alterations in nuclear morphology were 
meticulously assessed utilizing a fluorescence microscope, with subse-
quent capture of images for further analysis.

2.4. AO/EtBr parallel staining for apoptosis detection and mitochondrial 
transmembrane potential using a fluorescence microscope

MG-63 cells, (4 × 105 cells/well), were cultured, in a six-well plate, 
followed by 24 h treatment with PzMH fraction (15.35, 53.07 and 
183.48 µg/ml). The cells were collected and subjected to a 5-min incu-
bation in a light-restricted environment with a solution containing AO/ 
EtBr (100 µg/ml) with two dyes combined in equal proportions. To 
detect, the mitochondrial membrane potential (MMP) changes in oste-
osarcoma cells treated with PzMH fraction, rhodamine 123 (Rh-123) dye 
was used. MG-63 osteosarcoma cells were exposed to various fractions of 
PzMH for 24 h. After treatment, the cells were fixed in 70 % ethanol after 
a thorough washing with PBS. They were then placed in a carbon di-
oxide (CO2) incubator for a duration of 30 min, during which they were 
exposed to Rh-123 dye (2 µg/ml). After that, remnants of dye were 
eliminated by washing the cells with PBS thrice before scanning them 
with a fluorescence microscope.

2.5. Apoptosis detection and cell cycle analysis using Annexin V-FITC/PI 
double staining

Apoptosis detection was investigated using Annexin V- FITC kit 
(Sigma). In a 6-well plate, MG-63 cells were cultured for 24 h and 
subsequently treated with varying concentrations of PzMH fraction for 
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24 h. Attached and floating cells were gathered after treatment and 
centrifuged at 1200g for 5 min and washed twice with PBS. Cells were 
again centrifuged, at 1200g, resuspended in 0.1 ml binding buffer for 15 
min and subsequently treated with 5 µl Annexin V-FITC conjugate and 5 
µl propidium iodide (PI) for 20 min. The labeled cells were examined 
using a flow cytometer. The method of Rasul et. al., (2011) was used for 
cell cycle analysis.

2.6. Cell cycle phase distribution analysis and reactive oxygen species 
generation analysis

The BD cycle DNA kit was employed for the analysis of cell cycle 
stages. MG-63 cells were subjected to treatment using different amounts 
of the PzMH component. Following a 24 h incubation period, cellular 
samples were harvested, subjected to centrifugation, and subsequently 
preserved in a solution of 70 % chilled ethanol. The samples were sub-
jected to fixation using trypsin buffer, followed by incubation at 37 ◦C 
for a duration of 5 min. Subsequently, the samples were treated with 
RNase buffer and trypsin inhibitor. A 200 µl solution of cold PI stain was 
added, to the mixture and allowed to cool on ice for a duration of 1 h. 
The flow cytometer was employed for the analysis of cells that had been 
labeled.

In a 6-well plates the MG-63 cells were cultured for 24 h, subse-
quently subjected to a 24 h exposure to the PzMH fraction. After treat-
ment, the cells underwent a rinsing process utilizing phosphate-buffered 
saline (PBS) and then were subjected to a 30-min treatment with DCFH- 
DA (5 µg/ml PBS). Following the process of centrifugation, the cells were 
collected, subjected to another round of centrifugation, and subse-
quently reconstituted in 500 µl of PBS. The cells were promptly analyzed 
utilizing the FL-1 channel of the flow cytometer, with an excitation 
wavelength of 488 nm and an emission wavelength of 535 nm.

2.7. Mitochondrial membrane potential analysis using flow cytometer, 
western blot analysis and HPLC of the PzMH fraction

In 6-well plates MG-63 osteosarcoma cells were grown for 24 h, and 
treated with PzMH fraction, and then decanted. Rh-123 was added for 
30 min. Cells were collected, centrifuged, and resuspended in 500 µl 
PBS. The FL-1 channel was used to examine the cells. The cells were then 
examined using a flow cytometer (O’Connor et al.,1988).

For western blotting the MG-63 cells were treated with GI30, GI50 and 
GI70 concentrations of PzMH fraction for 24 h, and RIPA lysis buffer was 
used to extract proteins from the cells and separated on a 10 % SDS- 
PAGE with subsequent transfer to a PVDF membrane. 5 % skimmed 
milk was used to block the membrane, and then incubated with specific 
primary antibodies. The membrane was then rinsed twice with saline 
phosphate buffer and incubated with secondary antibodies. ECL 
(Enhanced chemiluminescence) plus reagent was used to detect protein 
bands, and ImageJ software was used for intensity analysis. The ultimate 
quantification of each protein’s expression was determined by dividing 
its expression level by the expression level of β-actin in the respective 
sample. High-performance liquid chromatography (HPLC), of PzMH 
fraction was performed as per of Engida et al.(2013).

2.8. Statistical analysis

The analysis of the data was carried with the help of IBM SPSS 
software and represented as mean ± SE (n = 3). Significant differences 
between the different groups were calculated with ANOVA with p ≤
0.05 significant level. In addition, the Tukey test was performed to 
calculate the HSD.

3. Results

PzMH, PzMC, PzME, PzMM obtained from the root powder of Plum-
bago zeylanica L. were investigated for their cytotoxic potential using 

MTT assay on MG-63 cell line. PzMH fraction exhibited the highest 
cytotoxic potential amongst all fractions with 53.07 µg/ml GI50 value in 
MG-63 cells (Table 1). As PzMH fraction possessed the highest cytotoxic 
activity in MG-63 osteosarcoma, further experimentation was performed 
on this cell line using PzMH fraction.

3.1. PzMH fraction possessed anti-migratory potential

A scratch migration experiment was employed to investigate the 
inhibitory activity of the PzMH fraction on the migratory behavior of 
osteosarcoma (MG-63 cells). The measurement of cells migrated was 
analyzed by using ImageJ software. The pre- and post-treatment phase- 
contrast images revealed that following a 24 h treatment with PzMH 
fraction, there was a concentration-dependent decrease in the migration 
of MG-63 cells towards the scratched area. The MG-63 cell population 
under controlled conditions, showed that almost all of the areas that 
were subjected to scratching were successfully covered within a time 
frame of 24 h (Fig. 1).

3.2. Morphological changes and nuclear morphology

PzMH fraction treatment caused morphological alterations in MG-63 
cells, including detachment, membrane rounding, and blebbing. Control 
cells exhibited thick multilayers, while PzMH treated cells showed 
rounding off, contact loss, and increased intercellular space (Fig. 2 A). 
Apoptosis is programmed cell death, and DAPI staining shows healthy 
nuclei in untreated MG-63 cells, while increased PzMH fraction causes 
fragmentation and shrinkage (Fig. 2 B).

3.3. AO/EtBr parallel staining for apoptosis

PzMH fraction treatment led to increased apoptosis in cells compared 
to control cells. Cells treated with varying concentrations of PzMH 
fraction displayed apoptosis-like characteristics. Early apoptosis was 
observed in cells treated with GI30 (15.35 µg/ml), while late apoptosis 
was observed in cells treated with GI50 (53.07 µg/ml). Most cells expe-
rienced apoptosis at GI70 (183.48 µg/ml), indicating increased apoptotic 
or necrotic cells (Fig. 2 C).

Table 1 
Percent growth inhibitory activity of P. zeylanica fractions against MG-63 cells.

MG-63

Concentration 
(μg/ml)

PzMH PzMC PzME PzMM

15.625 27.01 ±
0.76d

20.74 ±
1.08d

15.60 ±
0.97e

12.66 ±
2.11e

31.25 44.06 ±
2.48c

27.71 ±
2.28d

22.84 ±
2.4de

21.69 ±
1.56d

62.5 54.79 ±
2.38b

41.69 ±
2.05c

24.26 ±
1.38d

28.05 ±
0.91cd

125 62.98 ±
1.96b

51.09 ±
1.59b

33.33 ±
0.89c

34.08 ±
2.78bc

250 76.18 ±
1.20a

58.41 ±
1.11b

51.06 ±
1.83b

42.98 ±
1.32b

500 84.33 ±
2.23a

73.47 ±
2.05a

65.62 ±
2.00a

56.68 ±
2.07a

GI50 53.07 μg/ 
ml

119.00 μg/ 
ml

246.72 μg/ 
ml

376.12 μg/ 
ml

R2 0.9875 0.9899 0.9196 0.9791
F Ratio 117.29* 124.62* 131.43* 68.51*
Regression 

Equation
y =
16.124ln(x) 
− 14.04

y = 15.05ln 
(x) −
21.927

y = 14.172ln 
(x) − 28.063

y = 11.954ln 
(x) − 20.886

HSD 0.09 0.082 0.078 0.09

(*p ≤ 0.05). The values are given as mean ± SE. Data labels with different letters 
in a column indicate a significant difference between the.
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3.4. Mitochondrial membrane potential assessment

Depolarization of mitochondrial membrane was studied using Rh- 
123 dye. PzMH administration at a 15.35 µg/ml concentration signifi-
cantly promoted depolarization. PzMH fractions treated with 183.48 µg/ 
ml showed higher depolarization compared to those treated with 53.07 
µg/ml (Fig. 2 D).

3.5. PzMH fraction induces apoptosis and cell cycle arrest at sub-G1 stage

The PzMH fraction increased late and early apoptotic cells in treated 
cells compared to untreated cells. An increase of about 21.2 % in early 
apoptotic (EA) cells was observed at 15.35 µg/ml concentration, while a 
small increase of about 7.6 % was also observed in control cells. At 
53.07 µg/ml, early apoptotic cells increased by (56.5 %), while late 
apoptotic cells increased by (7.7 %). At 183.48 µg/ml, 73.8 % of cells 
were in the EA stage. PzMH fraction induces apoptosis in a 
concentration-dependent manner and inhibits osteosarcoma cell prolif-
eration (Fig. 3A&B). PzMH fraction treatment at different concentra-
tions led to sub-diploid cell accumulation in the sub-G1 phase, stopping 
cell cycle progression. MG-63 cells exposed to PzMH fraction for 24 h 
showed arrest rates of 59.2 %, 70.6 % and 83.5 % at the sub-G1 stage at 
15.35, 53.07, and 183.48 µg/ml concentrations, respectively (Fig. 3
C&D).

3.6. Analysis of cell cycle phase distribution and effect on reactive oxygen 
species (ROS)

PzMH fraction treatment resulted in the arrest of 62 % of cells in the 
G0/G1 phase at the maximum tested dose of 183.48 µg/ml whereas, 
untreated control cells showed 20.9 % cells in this stage. At the G0/G1 
stage, the GI50 concentration (53.07 µg/ml) produced 46.1 % cell pop-
ulation arrest. The lowest concentration (15.35 µg/ml) caused 39.6 % 
G0/G1 phase cell cycle arrest (Fig. 4 A&B). The generation of ROS in the 
PzMH treated cells increased by 38 %, 53.5 %, and 76.2 % respectively, 
while the population of intact cells decreased by 62 %, 46.5 %, and 23.8 
% respectively, compared to untreated cells which had a ROS generation 
of 26.4 % and intact cell population of 73.6 % (Fig. 4 C&D).

3.7. PzMH fraction influence on mitochondrial membrane potential 
(MMP; Δψm) and western blotting

PzMH (15.35, 53.07 and 183.48 µg/ml) fraction treated MG-63 cells 
showed a 46.1 %, 55.7 %, and 80.4 % reduction in mitochondrial 
membrane integrity respectively as compared to control cells. The 
presence of intact mitochondria was revealed by increased dye accu-
mulation. However, increased PzMH fraction lost mitochondrial integ-
rity, and dye fluorescence. The membrane potential of MG-63 cells was 
attenuated in a concentration-dependent manner after 24 h (Fig. 5A&B). 
PzMH treated MG-63 cells showed increased p53, Bax, Bad, cleaved- 
caspase 3, and cleaved-caspase 9 protein expression, while Bcl-2 
expression was reduced. Upregulated cleaved-caspase 3 expression 

Fig. 1. (A) PzMH fraction inhibited the migration of MG-63 cells. (B) Representative bar graph showing quantitative analysis of cell migration.
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confirmed intrinsic apoptotic pathway stimulation. The expression level 
was quantified using the Image J software, and relative expression is 
presented in the bar graph (Fig. 5 C&D). As a housekeeping protein, 
β-Actin was used.

3.8. High performance liquid chromatographic (HPLC) analysis of PzMH 
fraction and mechanism of P. zeylanica (PzMH)-induced cell death in MG- 
63 cells

HPLC analysis demonstrated the presence of polyphenolic com-
pounds such as, p-coumaric acid retention time (RT), 24.276 min., 4- 
hydroxybenzaldehyde (RT, 25.676 min), lawsone (RT, 36.132 min) 
and plumbagin (RT, 47.542 min) (Fig. 6.). Lawsone was found to be in 
highest quantity (67.154 mg/L) followed by p-coumaric acid (22.746 
mg/L), plumbagin (16.623 mg/L) and 4-hydroxybenzaldehyde (6.257 
mg/L).

4. Discussion

Medicinal plants contain bioactive substances that can treat and 
prevent various ailments, including cancer (Roy et al.,2017). Conven-
tional treatments like chemotherapy and radiation therapy have side 
effects like hair loss, appetite loss, depression, anxiety, and fever (Jain 
et al.,2016). Research into cytotoxic properties of phyto-therapeutics in 
cancer treatment has gained attention, with the quinone rich hexane 
fraction (PzMH) exhibiting the highest cytotoxicity against MG-63 cells.

HPLC analysis revealed presence of three, 1,4-naphthoquinones, 
lawsone and plumbagin in PzMH fraction. Naphthoquinones with two 
carbonyl groups possess the ability to form radical anion or di-anion 
species by accepting one or two electrons, is what contributes to the 
various biological activities. Moreover, the electrophilicity of the 
naphthoquinone ring is reduced by the presence of hydroxy groups at 
positions 5 and 8 (Kishore et al.,2014). Lawsone is used as the primary 
precursor in the synthesis of a diverse array of clinically significant 
anticancer pharmaceuticals, including Atovaquone, Lapachol, and 

Fig. 2. Photomicrographs of untreated control and PzMH fraction treated MG-63 cells for 24 h (A) Phase contrast micrography. (B) Staining with DAPI. Arrows 
indicate changes in nuclear morphology. (C) AO/EtBr double staining. (D) Micrographs of untreated and PzMH treated MG-63 cells stained with Rhodamine-123.
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Dichloroallyl lawsone (Pradhan et al., 2012). Lawsone, when used either 
independently or in conjunction with cisplatin, effectively curtailed the 
growth of SKOV-3 cells in a trend contingent on the administered 
dosage. This treatment hindered SKOV-3 cell growth by halting pro-
gression through the G1/G0 phase within the cellular life cycle. This 
arrest was accompanied by an elevation in the expression of p53 and 
Cip1/p21, which in turn, led to a reduction in the levels of two pivotal 
proteins, cyclin E and cyclin D1. Furthermore, lawsone was observed to 
trigger apoptosis by downregulating Bcl-2, enhancing the Bax:Bcl-2 
ratio, and activating caspase 3 (Li et al., 2017). Quinone rich PzMH 
fraction inhibit the cell proliferation in MG-63 with the GI50 value of 
53.07 µg/ml. The migration of cancer cells to nearby tissues and infil-
tration into the bloodstream is the cornerstone of the metastatic cascade 
(Novikov et al.,2021). Osteosarcoma is a kind of bone cancer that is 
highly aggressive and has a high proclivity for metastasis (Zhu 
et al.,2021). MG-63 cells subjected to various concentrations of PzMH in 
the cell migration experiment showed a concentration-dependent 
reduction in cell migration as compared to untreated cells, confirming 
the anti-migratory potential. Nimlamool et. al., (2022) reported similar 
results wherein a methanolic extract of Mitrephora chulabhornian was 
found to possess anti-proliferative and anti-migratory activity against 

HeLa cells (Nimlamool et al.,2022). Natural quinones, plumbagin, 
juglone, and thymoquinone were shown to effectively suppress the 
proliferation and migration of PANC-1 cells (Narayanan et al.,2022). 
MG-63 cell shape changed after they were exposed to varying amounts 
of PzMH fraction. These alterations were marked by cell shortening, loss 
of membrane integrity and cell shape by becoming fusiform and 
spherical, eventually detaching from the culture flask, leading to cell 
death. The morphologic alterations were accompanied by decreased 
adhesion to the cell culture plates.

The study conducted by Wan et al. (2016) yielded similar results 
when examining the effects of an ethyl acetate extract derived from 
Potentilla chinensis on MG-63 cells (Wan et al.,2016). Furthermore, DAPI 
nuclear staining showed signs of apoptosis marked by alterations in 
nuclear morphology, such as shrinkage of a nucleus, chromatin frag-
mentation and condensation (Yang et al.,2009). Prior work on MG-63 
cells treated with Sterculia foetida seed powder extract supports these 
findings (Jafri et al.,2019).

Additionally, the ability of the PzMH fraction to induce apoptosis 
was evaluated using AO/EtBr double staining under fluorescent micro-
scope and Annexin V-FITC/PI double labeling using flow cytometry. 
MG-63 cells labelled with AO/EtBr dye and treated with PzMH fraction 

Fig. 3. (A) PzMH induced apoptosis in MG-63 cells (B) Histogram representing cell percentage at different stages in control and PzMH treated MG-63 cells. (C) 
represents arrest of cell cycle in at sub-G1 in MG-63 cells by PzMH fraction (D) Bar graph represents % cell cycle arrest by PzMH fraction at different concentrations.
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demonstrated early and late apoptosis in cells treated at higher con-
centrations. Flow cytometric investigations confirmed these findings, 
revealing that 73.8 % of cells were in the early stages of apoptosis at 
183.48 µg/ml. Ethanolic extract of Crocus sativus tepals was reported to 
suppress the proliferation and migration of U87 glioblastoma cells (Baba 
et al.,2022). 183.48 µg/ml concentration of PzMH fraction caused an 
arrest of 62 % cell population at G0/G1 stage. Our results align with 
Rasouliyan et. al., (2021), who demonstrated that lawsone in A549 cells 
induced apoptosis and caused an arrest in cell cycle at G0/G1 stage 
(Rasouliyan et al.,2021).

The significance of ROS in cancer is critical. Proliferation of cells, 
progression of cell cycle, growth and death of cells, cell–cell attachment, 

cell migration, blood vessel development and tumor pluripotency 
maintenance are influenced by ROS (Liou & Storz, 2010). The ROS 
generation can trigger the permeability of mitochondrial membrane, 
resulting in MMP loss and membrane integrity (Ma et al.,2014). Flow 
cytometric investigations revealed that PzMH fraction treated MG-63 
cells showed rise in ROS and MMP disruption dose-dependently. Fluo-
rescent imaging of MG-63 cells using the Rh-123 dye produced results 
consistent with the flow cytometric studies. Cajanol, from Cajanus cajan, 
induced apoptosis via ROS generation and MMP disruption (Luo 
et al.,2010). Ishteyaque et. al. (2020), showed that a lawsone rich extract 
of Lawsonia inermis killed cancer cells through apoptosis, ROS genera-
tion, and interfering with mitochondrial membrane potential 

Fig. 4. (A) Represents arrest of cell cycle at G 0 /G 1 stage by PzMH fraction (B) Bar graph represents cell cycle arrest at different stages in PzMH treated MG-63 cells. 
(C) PzMH fraction generated concentration dependent ROS in MG-63 cell lines. (D) Percentages of ROS that accumulated in MG-63 cell lines treated with PzMH 
fraction and untreated control cells are shown in the bar graph.
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(Ishteyaque et al.,2020).
The p53 gene governs apoptosis, senescence, genetic stability, DNA 

repair and arrest of cell cycle. It also directly participates in the intrinsic 
apoptosis cascade by increasing outer mitochondrial membrane 
permeability through its interaction with multidomain Bcl-2 family 
proteins (Vaseva & Moll, 2009). The interaction between antiapoptotic 
(Bcl-2) and apoptosis promoting (Bad, Bax) proteins is a hallmark of 
p53-mediated apoptosis through intrinsic pathway. These molecules act 
as molecular switches to regulate apoptosis and are found in the outer 
mitochondrial membrane. Disruption of mitochondrial membrane po-
tential promotes the release of cytochrome c in cytosol, which in turn 
activates caspase 3 and 9 and trigger the intrinsic apoptotic cascade 
(Zhou et al.,2019). In the present investigation as PzMH fraction treated 
MG-63 cells displayed upregulation of p53, Bad, Bax, caspase 3 and 9, 
while a significant decrease in expression of Bcl-2 protein was observed 
in comparison to control cells. Plumbagin from Nepenthes alata increased 
the Bax/Bcl2 ratio and produced intracellular ROS in MCF-7 cells, 
resulting in apoptosis (De Laet et al.,2019). The study by Yan et al. 
(2020), demonstrated that colchicine treatment in Caski and HeLa cells 
upregulated the expression levels of caspase-3, Bax and cytochrome 
proteins, while downregulating Bcl-2 protein expression. The outcomes 
of our investigation demonstrate that the PzMH fraction extracted from 
P. zeylanica manifests anticancer properties in MG-63 cells by instigating 
the activation of the p53-dependent intrinsic apoptotic pathway. This 
mechanism entails the disruption of the mitochondrial membrane po-
tential (ΔΨm), accumulation of ROS, arrest of cell cycle at G0/G1 phase, 
downregulation in the expression of Bcl-2, and upregulation in the 
protein expression of p53, Bax, Bad, cleaved-caspase-3 and caspase-9. 
These impacts are likely attributable to the presence of quinones 

within the PzMH fraction (Fig. 6).

5. Conclusions

In the current investigation, it was demonstrated that the PzMH 
fraction derived from P. zeylanica had significant anti-proliferative ef-
fects against MG-63 osteosarcoma cell lines in human. The loss of 
mitochondrial membrane permeability, subsequent formation of ROS, 
and arrest of cell cycle at the G0/G1 stage initiated the intrinsic 
mitochondrial-mediated apoptotic pathway in MG-63 cells. The fraction 
of Plumbago zeylanica (PzMH) was found to exhibit inhibitory effects on 
migration and induced apoptosis by upregulating the expression levels 
of proteins like p53, bad, bax, cleaved-caspases 3 and 9, while down-
regulating Bcl-2 expression. These findings suggest a significant poten-
tial for PzMH as an anticancer agent, particularly in the treatment of 
osteosarcoma. However, further investigation is necessary to fully un-
derstand its efficacy and safety profile, ultimately leading to its potential 
development as a chemotherapeutic drug.
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