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Osteosarcoma is the frequent pediatric bone cancer where pediatric osteosarcoma incidences are more
than 10% within the population. Most of the patients with osteosarcoma fall within the age of 15–
30 years. Therefore, in this research, we examined the anticancer effect of Rhaponticin against the
human osteosarcoma (MG-63) cells. The cytotoxicity of Rhaponticin on the MC3T3-E1 and MG-63
cells was examined through the MTT assay. The intracellular ROS accumulation, cell nuclear morpho-
logical alterations, apoptotic cell death and nuclear damages, and MMP status of Rhaponticin admin-
istered MG-63 cells were inspected by fluorescent staining techniques. The cell migration was
assessed through scratch assay. The mRNA expressions of PI3K-Akt-mTOR signaling proteins were
studied by RT-PCR analysis. Rhaponticin showed potent cytotoxicity, substantially inhibited the
MG-63 cell growth, and displayed morphological alterations. However, rhaponticin did not affect
the MC3T3-E1 cell viability. Rhaponticin administered MG-63 cells demonstrated augmented intracel-
lular ROS accretion, weakened MMP, increased nuclear damages, and increased apoptosis. Rhaponticin
effectively down-regulated the PI3K-Akt-mTOR signaling cascade in the MG-63 cells. These outcomes
proved that the Rhaponticin can be a hopeful chemotherapeutic agent in the future to treat human
osteosarcoma.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Osteosarcoma or bone cancer is one of the frequent types of
cancers worldwide that mainly affects children and adolescents
(Meazza and Scanagatta, 2016). Metastasis of bone cancer leads
to the augmented death rate, joint pains, elevated calcium
depositions, joint disabilities, spinal cord compression, and other
relevant pathological complications, which results in the
deprived life quality of patients. These tumors possess sturdy
local intrusiveness, and they can undoubtedly metastasize at
the early phase and have a deprived prognosis (Yu et al.,
2019). Osteosarcoma primarily targets metaphyseal sites of the
long bones like a proximal tibia and distal femur attributes for
nearly half of total osteosarcoma incidences. Most osteosarcoma
patients are noted between 15 and 30 years (Chou and Gorlick,
2006; Longhi et al., 2006). Although numerous cancer treatment
advancements have improved the survival rate of patients, this
type of cancer is still regarded as one of the deadliest today.
In such cases, the metastasis pattern shows it is highly compli-
cated to treat with the currently existing treatment approaches
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are often linked with many side effects (Fornetti et al., 2018; Ke
et al., 2019).

Clinical advancements like chemotherapy and surgery lead to
the augmented 5-year survival rate of osteosarcoma victims, but
nearly 50% of patients have still experienced localized reappear-
ance (Harrison et al., 2018; Alsagaby et al., 2020). There is no
successful treatment for metastatic and recurring osteosarcoma
(Kager et al., 2017). Usually, the administration of chemotherapy
drugs like cyclophosphamide, methotrexate, cisplatin, ifosfamide,
and methotrexate is an extensively utilized approach to treat
osteosarcoma. A high dose of chemotherapy drugs is currently
utilized for osteosarcoma treatment, but it is linked to higher
side effects, restricting their usage (Ferrari et al., 2018). Ionizing
radiation therapy is also an imperative approach to treat
osteosarcoma, and it demonstrates marginal damages to the
nearby normal cells. However, radiotherapy as a local treatment
is often restricted because of the radioresistance (Feng et al.,
2016). The chemotherapeutic approach may result in drug resis-
tance and numerous deleterious outcomes like drug-induced
cytotoxicity to the normal cells (Friebele et al., 2015; Wang
et al., 2017; Mickymaray, 2019a,b; Chen et al., 2021). Hence,
the need for substitute approaches to treat osteosarcoma has
highly emerged.

The tumor microenvironment is generally regarded as an
essential and imperative factor of all cancers, and the cells
penetrating such microenvironment are the sources of pro-
inflammatory regulators. Interleukin (IL)-1b has pleiotropic
upshots on several cancer cells, especially mediating pro-
oncogenic transcription factors like NF-jB (Dmitrieva et al.,
2016). The PI3K/Akt cascade is a vital pathway that controls
numerous cellular mechanisms like metabolism and cell prolifer-
ation. The deregulation of the PI3K/Akt cascade is generally
interconnected with malignancy and the progression of cancers
(Yu and Cui, 2016; Chen et al., 2021).

Akt (protein kinase-B) is a crucial mediator situated down-
stream of the PI3K cascade. Mammalian target of rapamycin
(mTOR), a type of threonine/serine protein kinase, from the
phosphatidylinositol 3-kinase family (Hu et al., 2016). The
PI3K-Akt-mTOR cascade performs critical functions in the cells,
mediating numerous cellular mechanisms like multiplication,
survival, angiogenesis, autophagy, and apoptosis. Several ail-
ments like autoimmune disease, neuropathy, and cancers are
caused by the deregulated PI3K-Akt-mTOR cascade (Zhang
et al., 2015). PI3K-Akt-mTOR cascade is also associated with
many essential processes of cell growth. It was reported that
the PI3K/Akt cascade is recurrently hyper-activated in osteosar-
coma and donates to tumorigenesis, multiplication, invasion,
and progression of tumor cells. Therefore, the PI3K/Akt cascade
suppression could avert cancer development (Xu et al., 2014).
So an explicit recognition of the PI3K-Akt-mTOR cascade serves
to the cancer drug discovery (Wang et al., 2016).

Rhaponticin is a primary bioactive compound present in the
Rheum rhaponticum that is known for its numerous pharmaco-
logical activities. Rhaponticin possessed potent anti-diabetic
(Chen et al., 2009; Choi et al., 2006), anti-tumor (Sun and
Zhao, 2012), estrogenic (Wober et al., 2007), anti-angiogenic
(Kim and Ma, 2018), antioxidant (Zhang et al., 2007), and anti-
inflammatory (Kolodziejczyk-Czepas and Czepas, 2019) activities.
Rhaponticin demonstrated potential anticancer activity (Kim and
Ma, 2018) and ameliorated retinal oxidative stress and inflam-
mation (Shi et al., 2020). Nonetheless, the anticancer activity
of Rhaponticin against osteosarcoma was not explored yet.
Therefore, in this investigation, we planned to scrutinize the
anti-proliferative and apoptosis-triggering potentials of
Rhaponticin against the MG-63 cells via the suppression of the
PI3K-Akt-mTOR pathway.
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2. Materials and methods

2.1. Chemicals

Rhaponticin, 2, 7-diacetyl dichlorofluorescein (DCFH-DA), 3-(4,
5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT),
Dulbecco’s Modified Eagles Medium (DMEM), fetal bovine serum
(FBS), phosphate-buffered saline (PBS), 406-diamidino-2-phenylin
dole (DAPI), propidium iodide (PI), and Rhodamine-124 (Rh-123)
were procured from Sigma Aldrich, USA. All test kits were obtained
from Promega, Wisconsin, USA, and Origene, Maryland, USA.
2.2. Collection and maintenance of MG-63 cells

The MG-63 cells and mouse-derived normal osteoblast (MC3T3-
E1) cells were acquired from American type culture collection
(ATCC, USA) and sustained in the DMEMmedium, which consisting
of FBS (10%) and antimycotic (1%) mixture. Cells were sustained at
37 �C with 5% CO2 in an incubator.
2.3. MTT cytotoxicity assay on osteosarcoma and normal osteoblast
cells

The cytotoxicity of Rhaponticin on the MG-63 cells and normal
osteoblast (MC3T3-E1) cells was examined through the MTT assay
(Mosmann, 1983). Briefly, 2 � 104 cells were loaded onto the 96-
well plate with DMEM medium and sustained in 5% of CO2 at
37 �C for 24 h. Rhaponticin was prepared in DMSO, and diverse
concentrations of Rhaponticin (5–100 mM) were administered to
each well. The same volume of DMSO was utilized for control cells.
After 48 h, the medium was replaced with fresh medium in each
well along with 50 ml of MTT solution. After 4 h of incubation,
the medium was reinstated with 100 ml of DMSO to solubilize for-
mazan crystals. UV absorbance was taken at 570 nm on a micro-
plate reader to determine the percentages of cell viability and
IC50 value calculation.

For the morphological examination, MG-63 cells were loaded in
a 96 – well plate and then supplemented with 25 mM and 50 mM of
Rhaponticin for 24 h. Followed by the incubation, cells were inves-
tigated using an optical microscope to distinguish morphological
alterations.
2.4. Measurement of ROS production via DCFH-DA staining

MG-63 cells were cultured in 6-well plates at 1 � 106 cells/well
and sustained for 24 h at 37 �C. Then medium substituted with a
fresh one supplemented with 25 mM and 50 mM of Rhaponticin
and again incubated at 37 �C for 24 h. Cells were then cleansed
with buffered saline, 10 mg of DCHF-DA stain was added to each
well and maintained for 30mins in the dark. In the end, cells were
cleaned with PBS and examined using a fluorescent microscope.
The fluorescent strength of captured images was analyzed with
ImageJ software.
2.5. Measurement of mitochondrial membrane potential (MMP)

The MMP of Rhaponticin administered MG-63 cells were stud-
ied through Rh-123 staining. MG-63 cells grown in a 6-well plate
then supplemented with 25 mM and 50 mM of Rhaponticin for
24 h. Then cells were cleansed with buffered saline then stained
with Rh-123 (10 lg/ml) for 30 min at 37 �C. Then the MMP status
of Rhaponticin administered MG-63 cells were examined using a
fluorescent microscope.



Table 1
Primer sequences for RT-PCR.

PI3K Upstream 50-ACACCACGGTTTGGACTATGG-30

Downstream 50-GGCTACAGTAGTGGGCTTGG-30

Akt Upstream 50-TGGGTCAAGGAACAGAAGCA-30

Downstream 50-TCACACTGACCACTGACACA-30

mTOR Upstream 50-CGGGACTCTTTACACTGCG-30

Downstream 50-CCTTCAGGCTCAACCAACA-30

b-actin Upstream 50-AACAAGAGGCCACACAAATAGG-30

Downstream 50-CAGATGTACAGGAATAGCCTCCG-30

Fig. 1. (A&B): Effect of rhaponticin on the cell viability of MG-63 cells. This figure
illustrates the cytotoxicity of rhaponticin on the MG-63 cells. Data were described
as mean ± SD of triplicate. Significance was calculated by ANOVA successively
DMRT assay; note: ‘*’ p < 0.05 is significant when compared with control.
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2.6. Acridine orange/ethidium bromide (AO/EtBr) dual staining assay

The apoptosis stimulation by Rhaponticin on MG-63 cells were
examined through dual staining. Briefly, MG-63 cells were grown
on a 6-well plate with DMEM medium in a moistened CO2 (5%)
incubator at 37 �C for 24hrs. Cells were then cleansed with buf-
fered saline, and cell nuclei were counterstained with AO/EB mix-
ture (1:1, 100 lg/ml) for 15 min. Lastly, cells were cleaned with
saline, inspected, and photographed using a fluorescent micro-
scope. The captured images were analyzed using ImageJ software.

2.7. PI staining assay

The apoptotic cell death in the Rhaponticin administered
MG-63 cells were studied using the PI staining. Cells were cultured
in a 6-well plate and administered with 25 mM and 50 mM of
Rhaponticin for 24 h. The cells were pelleted, washed with buffered
saline, and stained with the 10 mg/ml of PI for 2 h in the dark.
Lastly, the cells were examined using a fluorescent microscope
for apoptosis detection.

2.8. DAPI staining assay

The cell nuclear morphological alterations stimulated by
Rhaponticin on MG-63 cells were examined through DAPI staining.
For this, MG-63 cells were grown in a 6-well plate along with the
25 mM and 50 mM of Rhaponticin for 24 h at 37 �C in a 5% CO2 incu-
bator. Then cells were cleansed with buffered saline and stained
with 200 lg/mL of DAPI. After that, cells were examined using a
fluorescent microscope to detect the chromatin remodeling or
nucleus condensation induced by Rhaponticin. Then images were
analyzed using ImageJ software.

2.9. Cell adhesion study

The osteosarcoma MG-63 cells were cultured on a gelatin-
coated culture dish and then administered with 15 mM and
20 mM of Rhaponticin and maintained for 24 h in a 5% CO2 incuba-
tor at 37 �C. The cells were then cleansed with saline and stained
with trypan blue to detect and distinguish the viable and dead
cells. The dead cells get stained with trypan blue, and viable cells
remain unstained. Cells were monitored under the microscope,
and viable and dead cell numbers were noted.

2.10. Scratch assay

MG-63 cells were grown in a 6-well plate, and then scratch was
made after attaining 80% confluency with the aid of 200 ll micro
tip in each well. After scratching, the detached cells were elimi-
nated with saline. The undetached cells were then supplemented
with 25 mM and 50 mM of Rhaponticin and incubated for 24 h. Then
these cells were cleansed with PBS with gentle shaking for 30 s.
The scratch closure was investigated under the microscope, and
the image of 0hr and 24 h was observed through a microscope.

2.11. Real-time polymerase chain reaction analysis (RT-PCR)

Total RNA from both control and Rhaponticin administered
MG-63 cells were extracted using a commercial kit as per the
manufacturer’s protocol (Promega, Wisconsin, USA). The cDNA
was constructed using extracted RNA from MG-63 cells using a
commercial kit following the protocols of the manufacturer
(Origene, Maryland, USA). RT-PCR was then executed through a
commercial PCR kit following the manufacturer’s guidelines
(Origene, Maryland, USA). The primer sequences for the PI3K,
mTOR, Akt, and internal control b-actin were illustrated in Table 1.
3643
All tests were executed in triplicate, and the outcomes were
displayed as relative mRNA expressions (Fold change).

2.12. Statistical analysis

Data were inspected using SPSS software (ver.18). The results
are portrayed as mean ± SD of three measurements. One-way
ANOVA and, successively, the DMRT test was performed to inves-
tigate the statistical differences between groups. P-value of less
than 0.05 was significant.

3. Results

3.1. Effect of Rhaponticin on the cell morphology and viability of MG-
63 cells

The cytotoxic potential of Rhaponticin against the MG-63 cells
were scrutinized through the MTT assay. Fig. 1A revealed that
the Rhaponticin repressed the growth of MG-63 cells where the
highest dosage of Rhaponticin demonstrated increased cytotoxic-
ity. Rhaponticin was tested in diverse doses, i.e., 5–100 mM; among
them, 25 mM of Rhaponticin exhibited 50% growth inhibition on
MG-63 cells. Thus 25 mM of Rhaponticin was chosen as IC50; even-
tually, 25 mM and 50 mM of Rhaponticin opted for further
experiments.

Morphological investigations revealed drastic alterations in the
morphology of MG-63 cells. Notable variations were detected in
the morphology of Rhaponticin administered MG-63 cells when
compared with control cells. Rhaponticin (25 mM and 50 mM) treat-
ment possessed remarkable morphological modifications like cell
shrinkage, rounding, unequal shape, and cell detachment (Fig. 1B).

3.2. Effect of Rhaponticin on the viability of normal osteoblast MC3T3-
E1 cells

The effect of Rhaponticin on the viability of normal osteoblast
MC3T3-E1 cells were investigated via an MTT assay and the



Fig. 2. Effect of rhaponticin on the cell viability of normal osteoblast (MC3T3-E1)
cells. This figure depicts that rhaponticin treatment did not show any toxicity to the
MC3T3-E1 cells. Data were described as mean ± SD of triplicate. Significance was
calculated by ANOVA successively DMRT assay; note: ‘*’ p < 0.05 is significant when
compared with control.

S. Mickymaray, Faiz Abdulaziz Alfaiz, A. Paramasivam et al. Saudi Journal of Biological Sciences 28 (2021) 3641–3649
outcomes were illustrated in Fig. 2. The Rhaponticin treatment at
different doses 5–100 mM did not possess any toxicity to the
normal osteoblast MC3T3-E1 cells. The MC3T3-E1 cell viability
was not affected by the rhaponticin treatment. This outcome
was proved that the rhaponticin was toxic only against the
osteosarcoma (MG-63) cells.
3.3. Effect of Rhaponticin on the ROS accumulation

The upshot of Rhaponticin on the stimulation of intracellular
ROS accretion in the MG-63 cells was examined via DCFH-DA
staining. Fig. 3 proved that the Rhaponticin improved the ROS
accumulation in MG-63 cells. A bright green fluorescence revealed
the elevated ROS accretion, in that way, promoting the oxidative
stress-mediated cell damage in the MG-63 cells. Control cells
showed no fluorescence, which is in contrast to the Rhaponticin
administered MG-63 cells. This outcome was evident due to the
stimulation of excess ROS generation in MG-63 cells by the
Rhaponticin.
3.4. Effect of Rhaponticin on the MMP status of MG-63 cells

Rhaponticin stimulated alterations in the MMP of MG-63 cells
were inspected via Rh-123 staining. An elevated level of MMP in
the cells exhibited green fluorescence and weakened MMP indi-
cated disaggregated cells that display reduced or dull green fluo-
rescence. Fig. 4 displayed that the control cells possess a high
green fluorescence; alternatively, the MG-63 cells administered
with Rhaponticin demonstrated the dull green fluorescence that
proves the declined MMP. In that order, it was clear that the
Rhaponticin can weaken the MMP of MG-63 cells.
Fig. 3. Effect of rhaponticin on the ROS accumulation in MG-63 cells. A bright green fluor
illustrates the augmented accumulation of ROS.
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3.5. Effect of Rhaponticin on the apoptotic induction in MG-63 cells

The apoptosis stimulating capacity of Rhaponticin in the MG-63
cells were investigated by dual (AO/EB) staining assay. AO/EB
staining method was utilized to detect nuclear damages during
apoptotic cell death. Fig. 5 illustrates that the control cells demon-
strated AO stained green fluorescence, whereas the Rhaponticin
administered MG-63 cells displayed intense EB stained orange flu-
orescence indicating apoptotic cell death. Hence, this outcome
proved that Rhaponticin could stimulate apoptosis in MG-63 cells.
Both concentrations (25 mM and 50 mM) of the Rhaponticin have
induced nuclear damage, as proven by the intense orange fluores-
cence cells (Fig. 5).

3.6. Effect of Rhaponticin on the cell necrosis in MG-63 cells

The PI is a fluorescent stain that is widely employed to differen-
tiate the necrotic cells from viable cells. PI cannot enter the viable
cell membrane, so only apoptotic or necrotic cells can take up the
PI. Fig. 6 demonstrates strong red fluorescence in the Rhaponticin
supplemented MG-63 cells, proving necrotic cells. The amount of
red fluorescence indicated the number of necrotic cells. Hence it
was clear that the Rhaponticin could stimulate cell necrosis in
MG-63 cells.

3.7. Effect of Rhaponticin on the apoptotic cell death in MG-63 cells

The effect of Rhaponticin on the apoptotic cell death in MG-63
cells were inspected via DAPI staining, and the result is displayed
in Fig. 7. It thus proved that Rhaponticin noticeably altered the
nuclear morphology, which demonstrates the apoptotic condition
of MG-63 cells. A bright blue fluorescence was noticed in MG-63
cells that was supplemented with Rhaponticin. Fig. 7 confirmed
that the Rhaponticin efficiently altered the nuclear content, pro-
moting apoptotic cell death in MG-63 cells.

3.8. Effect of Rhaponticin on the cell adhesion of MG-63 cells

Fig. 8 demonstrates that Rhaponticin treatment reduced the cell
adhesion of MG-63 cells. The control cells possessed increased cell
adhesion, whereas the 25 mM and 50 mM of Rhaponticin adminis-
tered MG-63 cells revealed diminished cell adhesion. These out-
comes proved that the Rhaponticin could disaggregate the cells
and inhibit the adhesiveness of MG-63 cells (Fig. 8).

3.9. Effect of Rhaponticin on the cell migration of MG-63 cells

The inhibitory properties of Rhaponticin on the cell migration of
MG-63 cells were investigated by scratch assay. Fig. 9 revealed that
the control cells demonstrated increased cell migration, evidenced
escence in the 25 and 50 lM of rhaponticin administered MG-63 cells (blue arrows)



Fig. 4. Effect of rhaponticin on the MMP status of MG-63 cells. The untreated control cells possessing an intense green fluorescence, alternatively, the 25 and 50 lM of
rhaponticin administered MG-63 cells demonstrating the dull green fluorescence (yellow arrows) that confirming the declined MMP status.

Fig. 5. Effect of rhaponticin on the apoptotic induction in MG-63 cells. The control cells demonstrating the AO stained green fluorescence, whereas the 25 and 50 lM of
rhaponticin administered MG-63 cells illustrating the intense EB stained orange fluorescence (black arrows) that indicates the apoptotic cell death.

Fig. 6. Effect of rhaponticin on the cell necrosis in MG-63 cells. This figure demonstrating the strong red fluorescence in the morphology of 25 and 50 lM of rhaponticin
supplemented MG-63 cells (green arrows), which proves the occurrence of necrotic cells.
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by the augmented wound closure rate, whereas the wound closure
rate of 25 mM and 50 mM of Rhaponticin administered MG-63 cells
was drastically diminished, indicating the inhibition of cell migra-
tion. Hence, this outcome revealed that Rhaponticin could inhibit
cell migration in MG-63 cells (Fig. 9).
3.10. Effect of Rhaponticin on the PI3K-Akt-mTOR signaling pathway
in MG-63 cells

The mRNA expression status of PI3K, Akt, and mTOR proteins
was investigated through the RT-PCR analysis. The outcomes
proved that the Rhaponticin administration had suppressed the
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PI3K-Akt-mTOR protein expressions (Fig. 10). The Rhaponticin
appreciably prevented the PI3K, Akt, and mTOR expressions in
the MG-63 cells. This upshot confirmed that Rhaponticin inhibited
the PI3K-Akt-mTOR pathway, thereby inhibiting cellular functions
in the MG-63 cells. The antiproliferative and apoptotic inducing
capacities of Rhaponticin could be because of the hindering of
the PI3K-Akt-mTOR cascade.
4. Discussion

Osteosarcoma is a frequent type of pediatric bone cancer, alleg-
edly said that the incidences of pediatric osteosarcoma may be



Fig. 7. Effect of rhaponticin on the apoptotic cell death in MG-63 cells. This figure proves that the 25 and 50 lM of rhaponticin noticeably altered the nuclear morphology
(yellow arrows), which demonstrating the apoptotic condition in MG-63 cells.

Fig. 8. Effect of rhaponticin on the cell adhesion in MG-63 cells. This figure demonstrates the effects of rhaponticin on cell adhesion. The decreased number of adhesive cells
(black arrows) was noted in the 25 and 50 lM of rhaponticin treatment.

Fig. 9. Effect of rhaponticin on the cell migration in MG-63 cells. This figure revealed the inhibitory potential of rhaponticin on cell migration. The control cells revealed the
increased wound closure, whereas the 25 and 50 lM of rhaponticin administered cells possessed the decreased wound closure that proves the inhibition of MG-63 cell
migration.
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Fig. 10. Effect of rhaponticin on the PI3K-Akt-mTOR signaling pathway in MG-63
cells. Data were described as mean ± SD of triplicate. Significance was calculated by
ANOVA successively DMRT assay; note: ‘*’ p < 0.05 is significant when compared
with control and ‘#’ p < 0.05 is significant when compared with 25 mM rhaponticin
treatment.
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more than 10%. There have been many advancements in diagnostic
technology, but researchers and doctors have not been able to find
an efficient approach to treat osteosarcoma because of the high
metastasis rate and drug resistance (Ward et al., 2014). The admin-
istration of chemotherapeutic drugs noticeably improved the sur-
vival rate of osteosarcoma patients and diminished the
recurrence rate and metastasis. However, these drugs have
deprived chemotherapeutic upshots in some victims and often
experienced the many side effects that lead to cancer recurrence
and metastasis (Altaf et al., 2013). While the osteosarcoma progno-
sis has been augmented due to the novel treatment approaches,
osteosarcoma treatment’s success rate is minimal (Li et al., 2015).
Administration of chemotherapeutic drugs on or before the surgi-
cal procedures may enhance patient survival rates to nearly 60%
higher than the surgery alone (Bernthal et al., 2012; Aboody and
Mickymaray, 2020). Though surgical procedures and chemother-
apy have been widely used, 30% of osteosarcoma victims experi-
enced metastasis to other organs with less prognosis. The actual
survival period of metastatic cancer victims is less than one year
(Luetke et al., 2014). Hence, the exploration of novel agents with
efficient therapeutic outcomes is the primary need to accelerate
osteosarcoma patients’ successful recovery with improved life
quality. Therefore, in this research work, we explored the anti-
cancer effects of Rhaponticin against the MG-63 cells via triggering
apoptosis and suppression of PI3K-Akt-mTOR cascade.

The two imperative events that trigger cancer cells’ progression
are tumor development and metastasis, resulting in augmented
cell proliferation and reduced apoptosis. Accordingly, the instiga-
tion of apoptosis in tumor cells may improve the therapeutic pos-
sibilities to inhibit tumor cell growth (Zhu et al., 2017). Apoptotic
cell death is regulated via extrinsic or intrinsic cascades, and it is
distinguished by mitochondrial membrane depolarization with
membrane potential diminution; such imbalances lead to the aug-
mented ROS generation (Kurokawa and Caspases, 2009; Huang
et al., 2017; Mickymaray and Alturaiki, 2018). Augmented intracel-
lular ROS generation leads to the elevated apoptosis rate of cancer
cells (Yoon et al., 2018). Accumulation of intracellular ROS
performs a crucial function in pathological mechanisms like cell
multiplication and oxidative damage (He et al., 2017). Cancer cells
are incredibly susceptible to augmented ROS accumulation,
improving the apoptotic rate (Gallego et al., 2008). The altered or
reduced antioxidant mechanisms increase the ROS accretion and
injures cellular macromolecules like lipids, proteins, and DNA
(Mickymaray and Al Aboody, 2019; Mickymaray, 2019). Hence,
the target agent that augments the intracellular ROS accumulation
could improve mitochondrial injury and finally lead to the esca-
lated apoptotic processes in tumor cells (Pramanik et al., 2011).

ROS and the mitochondrial oxidative mechanisms perform a
crucial task in triggering apoptosis under pathological and
physiological circumstances. ROS can trigger various pathological
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conditions like the stimulation of apoptotic pathways and oxida-
tive alterations of proteins, lipids, or DNA (Circu and Aw, 2010;
Suresh et al., 2020). Flaws in apoptosis play a vital function in
tumor progression and cytotoxic outcomes of numerous
chemotherapeutic agents are primarily conveyed by augmented
apoptosis (Hassan et al., 2014). So, the efficient approach to treat
cancers is primarily through developing drugs that improve intra-
cellular ROS production and ensure apoptosis. The level of intracel-
lular ROS accretion can be inspected through the fluorescent dye
DCFH-DA, and the MMP level of the cells can be visualized through
the Rh-123 staining technique (Zhou et al., 2018). In this investiga-
tion, the DCFH-DA staining assay outcomes proved that the
Rhaponticin had improved the ROS accumulation in the osteosar-
coma MG-63 cells (Fig. 2). Rh-123 staining result confirmed that
the Rhaponticin administered MG-63 cells had diminished MMP
(Fig. 3).

The dual (AO/EB) staining technique was extensively used to
distinguish the nuclear damages mediated by apoptosis. The apop-
tosis stimulating capacity of sample agents is usually examined via
AO/EB staining assay. This technique can distinctly differentiate
the various stages of apoptosis (Gherghi et al., 2003). DAPI staining
is commonly used to detect the DNA fragmentation and nuclear
condensation directly linked to the apoptotic process
(Vandghanooni et al., 2013). In this work, we noticed that the
Rhaponticin administered MG-63 cells were possessed increased
apoptotic cell death and nuclear damages, which evidenced by
the AO/EB (Fig. 4) and DAPI staining (Fig. 6). The Rhaponticin treat-
ment also revealed reduced cell adhesion (Fig. 7) and cell migration
(Fig. 8) of osteosarcoma cells.

Akt protein mediates the activities of numerous substrates
implicated in cell multiplication, the advancement of the cell cycle,
and growth. It was stated in recent decades that PI3K/Akt signaling
cascade is modified in several human cancers. Inhibition of the Akt
signaling cascade may cause cancer cell necrosis (Zhang et al.,
2017). PI3K/AKT/mTOR cascade is reported as an imperative cas-
cade in cancer progression implicated with cell multiplication, cell
cycle, and tumor development (Dey et al., 2017). In some ailments
like cancer, this cascade’s stimulation could diminish the
apoptosis and speed up the metastasis (Pierobon et al., 2017).
PI3K/AKT/mTOR pathway is mainly concerned with cell multiplica-
tion, invasion, improves cell cycle progression, and mediates
autophagy and apoptosis (Liu et al., 2019). The activation of PI3K
possesses consistent biological effects (Gao et al., 2018; Liu et al.,
2018). It was already identified that the disordered PI3K/AKT/mTOR
cascade tightly allied with the cell growth in osteosarcoma
(Keremu et al., 2017). Interestingly, in this investigation, we found
that the PI3K/AKT/mTOR signaling cascade was appreciably down-
regulated in the Rhaponticin administered MG-63 cells (Fig. 9). The
potent anti-proliferative capacity and triggering of apoptosis in
MG-63 cells via Rhaponticin could be because of the hindering of
PI3K-Akt-mTOR signaling cascade in the MG-63 cells.
5. Conclusion

Our outcomes from this research work revealed that the
Rhaponticin possessed cytotoxic and apoptotic effects against the
MG-63 cells. The outcomes proved that the Rhaponticin
diminished the cell viability, elevated the intercellular ROS
accumulation, and reduced the MMP, thereby promoting apoptotic
cell death in MG-63 cells. Rhaponticin effectively inhibited the
PI3K/AKT/mTOR cascade in the MG-63 cells. These outcomes
proved that the Rhaponticin can be a hopeful chemotherapeutic
agent in the future for osteosarcoma treatment. However, further
investigations are still required in the future to understand the
exact curative role of Rhaponticin.
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