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Abstract

Osteosarcoma (OS), the most common primary bone malignancy, predominantly affects children and
adolescents, with poor prognosis in advanced or metastatic cases. Originating from osteoblasts, OS is
characterized by rapid proliferation, local invasion, and a high propensity for lung metastasis. It is
classified as primary (central or surface) or secondary when arising from preexisting conditions.
Despite advances in chemotherapy and surgery, the long-term survival rate for patients with metastatic
or recurrent OS remains poor, emphasizing the need for novel therapeutic approaches. Phytomedicine,
derived from plant-based compounds, has garnered attention for its potential in targeting OS molecular
pathways. Phytochemicals such as curcumin, resveratrol, and epigallocatechin gallate (EGCG) exhibit
therapeutic effects by modulating key pathways, including Wnt/s-catenin, PISBK/AKT/mTOR, and
MAPK/ERK, which are crucial for OS cell migration, proliferation, and survival. These compounds
inhibit angiogenesis, promote apoptosis, and reduce metastasis by regulating the epithelial-to-
mesenchymal transition (EMT). Additionally, they induce reactive oxygen species (ROS), trigger
autophagy, and disrupt cellular signaling, effectively killing OS cells. Emerging studies highlight the
potential of phytomedicines to enhance current treatments and improve patient outcomes by offering
less harmful and more effective options. This review explores the molecular mechanisms underlying OS
and evaluates phytomedicine's role in developing innovative therapies. By integrating genetic,
molecular, and clinical profiles, these findings provide valuable insights for advancing OS diagnosis
and management, offering hope for more sustainable and effective treatment strategies.
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Introduction
Osteosarcoma

Sarcomas of soft tissues and bones are a rare
and diverse class of tumours. These tumours
constitute 15% of paediatric cancers and less
than 1% of all adult cancers, despite the fact that
soft tissues and bone comprise about 75% of the
typical body weight [1]. Skeletal system
malignancies account for just 0.2 percent of all
newly diagnosed cases of cancer. The two most

prevalent bone tumours, Osteosarcoma and
Ewing's sarcoma, mostly emerge in Children
and  Adolescents [2]. Osteosarcoma,
chondrosarcoma, and the Ewing
sarcoma/primitive neuroectodermal tumour
(PNET) family of tumours are the most
prevalent malignant tumours of bone. Just
under five percent of all primary malignant
bone tumours are malignant fibrous
histiocytoma, fibrosarcoma, chordoma, and
giant cell tumour of bone. While osteosarcoma
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has a biphasic pattern of incidence that peaks in
adolescents with the growth of long bones and
in the elderly with tumours arising in
association with Paget disease or previously
radiated tissues, Ewing sarcoma/PNET family
tumours tend to occur more frequently in
children and adolescents. Patients with
chondrosarcomas typically have tumours with a
higher grade of malignancy and are diagnosed
after the fifth decade of life, while they can also
develop in younger patients [3]. Mesenchymal
cells which generate osteoid and immature bone
make up Osteosarcomas (OS), referred to as
malignant bone tumours. Osteosarcoma is the
most prevalent primary malignant bone tumour
that is not haematologic [4]. Although further
clinical research is required to maximize their
use, MiRNAs are important in OPMDs and
have the potential to be both therapeutic targets
and diagnostic indicators [5].

Osteosarcoma is a type of primary bone
cancer which most often originates in the
metaphases of the most rapidly developing
bones during the pubescent growth spurt (15—
19 years of age) [6]. The hallmark of
osteosarcoma is an elevated cell division, that is
essential for bone elongation. Throughout this
process, cells may experience several
alterations, including a deletion of tumour
suppressor gene activity, which ultimately leads
them to develop into cancer. In addition, certain
conditions have been reported to predispose
paediatric patients towards osteosarcoma,
which includes retinoblastoma, Li-Fraumeni,
and Rothmund-Thomson syndromes.
Additionally, sarcomatous transformation, an
uncommon consequence seen in older people
with Paget's disease of the bone, can lead to
Osteosarcoma. The tumour no longer primarily
affects the long bones in this patient group.
Rather, the most severely affected regions are
the jaw and pelvis [7-10]. Modifications in
TP53, Rb, and RecQ Like helicase 4 signalling
pathways, as well as Bloom Syndrome RecQ
Like helicase and Werner syndrome RecQ
helicase are contributing factors in the genesis

of Osteosarcoma. Therefore, Osteosarcoma is
more likely to develop in children and
adolescents having genetic diseases including
Li-Fraumeni,  hereditary  retinoblastoma,
Rothmund-Thomson, Bloom, or Werner
syndrome [11-13]. By causing apoptosis,
preventing glycolysis, and lowering migration
and invasion in HSC-3 oral cancer cells,
calotropin demonstrates anti-cancer potential
[14]. Higher risk of Paget's disease of bone
(PDB) and greater bone resorption by
osteoclasts are linked to a further peak of
osteosarcoma in older patients. Also,
environmental exposures to substances like
radium, beryllium, and chromium during
lifespan or a history of radiation exposure (such
as prior radiation therapy episodes) are factors
that influence the risk of Osteosarcoma in
elderly individuals [13, 15-20]. Higher caries
severity, higher DMFT scores, and a plague
ecology that favors Streptococcus mutans are
all associated with H. pylori in cavitated carious
lesions [21].

Classification of Osteosarcoma

Osteogenic Sarcoma (OS) is a synonym for
Osteosarcoma. In addition to less frequent
locations which involve the skull, mouth, and
pelvis, Osteosarcoma typically develops close
to the metaphysis of the long bones, such as the
proximal tibia, proximal humerus, and distal
femur. The location of the tumour, its histology,
and genetic profile are all valid criteria to
categorise  Osteosarcoma into  different
subtypes. The World Health Organisation
(WHO) emphasises that Osteosarcoma can be
histologically classified into two groups:
Surface (Peripheral) and Central (Medullary)
tumours, each of which has a number of
subgroups.  The  Surface  (Peripheral)
Osteosarcoma subtypes are parosteal, periosteal
and high-grade surface, whereas the Central
(Medullary)  Osteosarcoma  subtypes are
conventional, telangiectatic, low-grade, and
small-cell [22]. There are two types of
Osteosarcomas which are Primary and



Secondary. According to WHO classification,
Primary  are  further subtyped as
Intramedullary/Central and Surface
Osteosarcomas. Primary osteosarcomas are
further subtyped as Conventional-
Intramedullary/Central  high grade (most
common), Small cell, Telangiectatic, Low
grade central, Surface  osteosarcomas.
Conventional-intramedullary/central high
grade (most common) further sub-typed as
Osteoblastic (50%), Chondroblastic (25%),
Fibroblastic (25%) and Surface osteosarcomas
are further sub-typed as: Parosteal, Periosteal,
High grade surface. Secondary osteosarcomas
can occur after radiation exposure and in
Paget's disease. In addition to their analogous
biological actions, atypical kinds of
osteosarcoma outlined below are regarded as
subgroups of conventional osteosarcoma., they
are Osteoblastic osteosarcoma-sclerosing type,
Osteosarcoma  resembling  osteoblastoma,
Chondromyxoid fibroma-like osteosarcoma,
Chondroblastoma-like osteosarcoma, Clear-
cell  osteosarcoma, Malignant  fibrous
histiocytoma-like osteosarcoma, Giant cell rich
osteosarcoma, Epithelioid osteosarcoma [23].

Epidemiology and  Incidence of

Osteosarcoma

OS has an estimated yearly incidence of 5.6
cases per million children under the age of 15,
making it the third most frequent cancer in
adolescence, after brain tumours and
lymphomas [24-26]. Incidence spikes in the
second decade of life [27, 28]. OS is uncommon
before age five [29]. About 70% of tumour
tissues have a chromosomal aberration, but OS
emerges sporadically and is rarely associated to
known hereditary disorders in cell cycle
regulation. These generally entail mutations in
DNA helicases or tumor-suppressor genes [30,
31]. The National Cancer Institute's
Surveillance, Epidemiology and End Results
(SEER) Cancer Statistics Review reported that
the age-adjusted incidence rate for all types of
bone and joint cancers, throughout all ages and

races, is 0.9 per 100,000 annually, with a 5-year
overall survival rate of 67.9%. The mortality
rate is 0.4 per 100,000. The majority of bone
and joint cancer cases (28.7%) occur before the
age of 20, with a median diagnosis age of 39
years. The annual incidence rate for all bone
and joint malignancies in children (ages 0-14)
is 0.7 per 100,000 individuals for both sexes,
while the annual fatality rate is 0.1 per 100,000.
All bone and joint malignancies have an annual
incidence rate of 0.9 per 100,000 people for
children and adolescents (ages 0-19), and a
mortality rate of 0.4 per 100,000. With an
average yearly incidence rate of 8.7 per million
children and adolescents below the age of 20,
bone and joint malignancies account for
roughly 6% of childhood and adolescent
cancers [32-34]. South Europe, Africa, Asia,
South America, and the Pacific Islands seem to
have higher rates of juvenile osteosarcoma
diagnosis, whereas Northern Europe, the US,
and Australia seem to have higher rates of late
tumour onset. Mirabello et al. hypothesised that
malignant transformation of Paget's disease
could be the cause of osteosarcoma in elderly
individuals. The authors' discussion of a notable
regional difference in Paget's disease
prevalence served to bolster this claim. North
America, Australia, and the United Kingdom
have been found to have high rates of the
disease, while Asia and the Middle East have
lower rates. This distribution aligns with the
diagnosis of osteosarcoma in the older
individual’s population [35-37]. Numerous
investigations, especially those conducted on
the African population, have shown a greater
correlation between osteosarcoma and gender
in males than in females. Additionally, it has
been noted that compared to men in the same
age range, women under the age of 15 had
somewhat higher cancer rates. Incidence peaks
later in adolescence and is higher in males (age
15-19, peak rate of 9-15 cases/million
population) than in females (age 10-14, peak
rate of 6-10 cases/million population). This
suggests that the aetiology of osteosarcoma



may involve bone growth, hormonal changes,
as well as puberty-related development [38-52].
Osteosarcoma has a complicated and poorly
known aetiology. Numerous genetic risk
factors, such as Li Fraumeni syndrome,
Rothmund-Thomson syndrome, and hereditary
retinoblastoma (Rb), have been revealed
through studies [53-57]. Rb gene mutations are
strongly  correlated  with  osteosarcoma
predispositions, and a lack of heterogeneity in
the Rb gene may be a sign of an adverse clinical
outcome. Additionally, 10-39% of
osteosarcoma cases were found to have
changed p53 loci. Mutations in p53 and Rb
together exhibit synergistic carcinogenic effects
[58-66].

Role of Phytomedicines in the Treatment
of Osteosarcoma

Chemotherapy is frequently employed for
the treatment of cancer. Nevertheless,
chemotherapy therapies can occasionally result
in a variety of undesirable side effects and
toxicities. Phytocompounds derived from
medicinal herbs are becoming more widely
acknowledged as effective supplemental
therapy for many cancer categories. Plants have
been utilised for centuries to treat cancer and
have been a significant source of potent
anticancer drugs. Of the 92 anticancer
medications that were licensed globally
between 1983 and 1994 and that were
commercially available in the US prior to 1983,
over 62% have natural origins. As the world's
largest producer of medicinal plants, India is
justifiably referred to as the "Botanical Garden
of the World." Numerous studies on these
plants have been completed, and certain plant
extracts have been sold as anticancer
medications based on scientific reports and
traditional applications. According to the World
Health Organisation, around 75% of people
worldwide today utilise herbal remedies and
other traditional treatments to cure illnesses
[67-71]. Different genetic alterations found in
oral squamous cell carcinoma grades are

revealed by NGS analysis, which helps with
individualized therapy planning and advances
minimal intervention techniques [72].

Anticancer chemotherapy medications can
often be replaced with natural drugs that are
safer, more affordable, and more effective.
Natural remedies can help lessen negative side
effects. For example, most cancer treatments
include components derived from plants.
Medicinal herbs' anticancer properties are
attributed to their antioxidant content,
according to multiple investigations. In
actuality, therapeutic plants are more readily
accessible, less expensive, and non-toxic than
contemporary (allopathic) medications. In
numerous studies, secondary metabolites like
polyphenols, terpenes, and alkaloids have been
proposed to have antimutagenic and anticancer
effects. Many therapeutically effective
anticancer drugs have been created from
chemicals found in plants. In the prevention and
treatment of cancer, natural phenolic chemicals
are crucial. Phenolic compounds have a variety
of biological properties that give them
chemopreventive qualities, such as anti-
inflammatory, anticarcinogenic, or
antimutagenic actions [67, 71, 73-74]. During
orthodontic treatment stages, there is a negative
correlation between salivary 1-
25dihydroxycholecalciferol and IL-17A levels,
indicating that vitamin D administration may
hasten tooth movement while minimizing tissue
injury [75].

The new alkaloid medication Aloperine
(ALO), which is derived from S. alopecuroides,
has antiviral, anticancer, anti-inflammatory,
and antiallergenic properties. DAPI assays and
flow cytometry demonstrated that ALO caused
OS cells to undergo apoptosis. Additionally, the
results of quantitative real-time polymerase
chain reaction and western blotting showed that
ALO downregulated Bcl-2 and elevated the
protein and mRNA of Bax and cleaved caspase-
3. Furthermore, by suppressing the OS cells'
PI3K/AKT signalling pathway, ALO prevented
the invasion of MG-63 and U20S cells [76].



A component of some Chinese herbs, such as
Huang lian, includes berberine (BBR), an
isoquinoline alkaloid with antimicrobial, anti-
inflammatory, anti-diabetic, anti-angiogenesis,
and cholesterol-lowering properties. The MTT
assay was used to assess the proliferation
impact of U20S, and flow cytometric analysis
was used to figure out the proportion of
apoptotic cells. By suppressing the PI3K/AKT
signalling pathway, this therapy produced dose-
structured inhibition of U20S cell growth and
induced apoptosis. This led to an upregulation
of PARP and Bax expression and a
downregulation of Bcl-2 and caspase3
expression. As a result, the study suggests that
BBR might be a useful substitute treatment for
OS in clinical environments [77].

The natural  polyphenol  component
resveratrol (3,5,4'-trihydroxy-trans-stilbene) is
present in many plants, including peanuts,
cranberries, blueberries, raspberries,
mulberries, and grape skin. It has been well
shown to have anticancer properties. It has anti-
aging, antiviral, antioxidative, anti-
inflammatory, and anticancer effects. By
altering a number of crucial processes, it also
demonstrates some tumor-suppressing
properties in bone cancer. It has also been
shown to be highly successful in preventing
HOS cell proliferation by reducing B-catenin
signalling and triggering apoptosis [78].

A remarkable plant-derived member of the
triterpenoid family, cucurbitacin E (CuE) has
been shown to be an anticancer drug by
preventing the growth, migration, and
metastasis of a variety of cancers. CuE's ability
to prevent OS cell growth and invasion while
tracking its underlying molecular process was
the goal of the current investigation. The cell
counting Kit-8 assay was used to evaluate the
anti-proliferative impact of CuE following
treatment with varying doses. The distribution
of cell cycles was examined using propidium
iodide staining. The expression of cell growth,
cell cycle, and cell apoptosis regulators were
altered by CuE, which also prevented cell

invasion and growth, caused a cell cycle halt,
and induced apoptosis. By suppressing the
PI3K/AKT/mTOR pathway and the epithelial-
mesenchymal transition, CuE prevented OS
invasion and metastasis. The study conducted
revealed that CUE might stop the development
and invasion of OS tumours by blocking the
PIBK/AKT/mTOR signalling pathway. CuE
may be a viable anticancer drug for OS,
according published data [79].

The main bioactive component of the
medicinal spice Nigella sativa, commonly
referred to as black cumin, is thymoquinone
(TQ), which in a dose-dependent manner
increased the percentage of growth inhibition
and apoptosis in the HOS cell line SaOS-2
when compared to the control. In SaOS-2 cells,
the TQ significantly reduced NF-«xB DNA-
binding activity, XIAP, surviving, and VEGF,
according to the EMSA assay and western blot
evaluation. It also suppresses NF-xB and its
regulated molecules on Sa0S-2 cells, which
prevents tumour angiogenesis and tumour
growth [80].

The Chinese plant Solanum incanum yielded
the steroidal glycoalkaloid known as
solamargine (SM). It caused OS U20S cells to
undergo apoptosis and significantly decreased
cell viability. Therefore, raises the expression
of p53 and Bax in both mRNA and protein.
Additionally, the expression of the anti-
apoptotic protein Bcl-2 was decreased.
Furthermore, SM caused apoptosis,
cytochrome c release, activation of caspase-9
and -3, loss of mitochondrial membrane
capacity, and p53 translocation in the
mitochondria. Thus, the study proposed that
SM may be used as a possible treatment drug
for OS as it is a strong apoptosis inducer
through p53 activation [81].

The plant's rhizome contains an active
ingredient called curcumin, which has anti-
inflammatory, anti-cancer, and antioxidant
effects. Curcumin significantly induced G1
arrest and death in U20S cells, confirming the
development of inhibitory effects on U20S



cells in a dose- and time-structured manner. In
U20S cells, curcumin-induced apoptosis was
followed by downregulation of Bcl-2 and
upregulation of Bax, Bak, and p-Bad; Bcl-XL
and Bad protein levels were unaffected.
Moreover, curcumin administration raised the
levels of mitochondrial cytochrome C and
caspase-3 and significantly decreased the
ability of the mitochondrial membrane [82].

Withania somnifera is a medicinally
significant plant that contains the well-known
steroidal lactone withaferin A (WA). It has been
claimed that they have anticancer effects. WA
caused cell cycle arrest at the G2/M phase,
according to flow cytometric analysis. This was
linked to the suppression of cyclin B1, cyclin A,
CDK2, and p-Cdc2 (Tyr15) expression, the rise
in p-Chk1 (Ser345) and p-Chk2 (Thr68) levels,
and the reduction of G2/M checkpoint protein
expression levels. Based on this, the results
showed that WA had strong anti-proliferative
effects on MG-63, U20S, and HOS cell lines
[83]. The potential of salivary MMP-9 as a
marker for malignant transformation is
suggested by the markedly higher levels
observed in OSCC and severe oral epithelial
dysplasia [84].

The majority of cancer chemoprevention
research make extensive use of sodium selenite
(Na2Se0O3, or SSE), an inorganic Se
compound. Reactive oxygen species (ROS)
production, apoptotic body formation, and cell
accumulation at a certain stage of the advanced
phase of apoptosis are all indications that SSE
also suppressed cell viability through apoptosis.
P53 and PTEN overexpression, Bcl-2
downregulation, and CASP 3 activation were
all associated with SSE-induced apoptosis in
U20S cells. Thus, according to the
investigations, SSE is a potential anticancer
component that might be utilised in OS
treatments in the future [85].

It has been demonstrated that the active
ingredient shikonin (SK), which is taken from
the Chinese medicinal plant Lithospermum
erythrorhizon, has anticancer properties. When

SK and ADM were administered to U20S and
MG63 cells, Western blot examination showed
elevated expression levels of Bax, caspase-3,
caspase-8, and PARP. The combination
treatment of SK and ADM dramatically
accelerated apoptosis, according to flow
cytometric analysis. This was likely caused by
triggering caspase-3 and caspase-8 dependent
apoptosis in the OS cells, which may have been
an enhancer for the treatment of drug-resistant
primary OS [86, 87].

Role of Phytomedicines in Signalling

Pathways of Progression in
Osteosarcoma
PI3K/AKT/MTOR PATHWAY

A novel signalling mechanism that was
closely linked to the viral oncogene's tyrosine
Kinase activity was discovered in 1984. The
virus-associated tyrosine kinase, known as
PI3K, was identified by Cantley and Downes'
lab in 1988. It produces PI3K by
phosphorylating the 3-OH group on the
inhibitor.Lipid kinases were engaged in this
signalling system, which was later dubbed the
PI3K  signalling  pathway.  Subsequent
investigations revealed the presence of AKT,
MTOR, and other genes downstream of the
PI3K signalling pathway. As a result, this route
was later dubbed the PI3SK/AKT/mTOR
signalling pathway. It controls cellular
biological processes such cellular
differentiation, proliferation, and migration and
is one of the most important intracellular
signalling pathways [88-91]. By causing
cytotoxic effects and controlling apoptotic
signals, p-sitosterol shows promise as a
treatment for oral cancer [92].

Through the integration of many
extracellular signals, the PISK/AKT/mTOR
pathway controls a variety of cellular processes.
A vital part of the cell membrane, PI3K is an
intracellular phosphatidylinositol kinase. It
possesses both serine/threonine (Ser/Thr)
kinase and phosphatidylinositol kinase activity.
Type | PI3K, a heterodimer composed of the



catalytic subunit p11031 and the regulatory
subunit p85, is specifically involved in the
PISK/AKT pathway and is most strongly
associated with cancer. Target proteins with
matching binding sites may interact with the
structural domains SH2 and SH3 present in the
regulatory subunit [93-94].

The PIBK/AKT/mTOR pathway commonly
undergoes modifications in OS. One important
mechanism of OS proliferation and metastasis
is the high frequency of PI3K mutations and/or
their enhanced catalytic activity in tumour cells
[98].

Multiple downstream signalling pathways
are accessible through mTOR, which can be
activated by a range of upstream regulatory
factors. At the conclusion of the
PIBK/AKT/mTOR signalling pathway is
mMTOR, one of the PI3K axis's most
autonomous elements. Mutations in upstream
regulatory components from several axes,
including PTEN, PI3K, and endothelial growth
factor receptor, may cause excessive mTOR
activation. Any disruption in the control of
mTOR activity can change how OS cell
proliferation and differentiation are regulated
[99, 83, 100-104]. Leukoplakia, OSMF, and
OSCC patients at high risk of malignant
transformation may be identified using
circulating exosomal miRNAs miRNA 21,
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