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ABSTRACT

Oral squamous cell carcinoma continues to pose a major clinical challenge,
as even the most advanced treatment options are often associated with
significant toxicity and poor long-term outcomes. This study investigates
the potential of integrating alternative medicine into existing treatment
paradigms, addressing the question of whether alternative therapies can
enhance patient outcomes in oral cancer treatment.

A non-systematic review was conducted analysing 21 alternative
medicines and their efficacy as mainstay treatment, as well as adjuvant
therapy for oral squamous cell carcinoma, focusing on their mechanisms
of action, current research status, and future clinical applicability. Significant
findings revealed that herbal remedies such as curcumin, celastrol,
saffron, and quercetin demonstrate multi-targeted effects, including
induction of apoptosis, inhibition of tumor proliferation, modulation of
inflammatory and immune pathways, epigenetic regulation, and
potentially mitigate the adverse effects of standard treatments.

The results indicate that alternative medicine can significantly enhance
the efficacy and safety of conventional therapies, supporting a more
holistic approach to patient care. However, large scale clinical trials are
necessary to establish standard protocols for their use, assess their safety
and efficacy, and determine the optimal integration methods. By
fostering interdisciplinary collaboration, this study advocates for a
comprehensive alternative and
conventional medicine in managing oral cancer, ultimately improving

framework that includes both

patient outcomes and quality of life.

Keywords: Oral squamous cell carcinoma, Herbal medicine, Chinese
medicine, Ayurveda, Phytochemicals, Targeted cancer therapy.
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Introduction

As per Globocan 2022, lip and oral cavity cancer is
the 16th most common type of cancer in the world
with an incidence of 3,89,846 new cases’. Although
there are several approaches being used
successfully in the treatment of oral cancer, the
complete cure or prevention remains elusive®?,

Interdisciplinary team approach is a promising
measure in the healthcare industry. Nojack
Grammar, defined it as the method whereby health
care providers from various specialities collaborate
to meet common patient needs and provide the
most comprehensive treatment planning and
implementation of services for patients with
different diagnoses*.

In theory, a multidisciplinary team makes decisions
about oral cancer management following a
thorough clinical and radiological review. The
mainstay of treatment for OSCC is still surgery.
Chemoradiation (CRT) or radiation therapy (RT) is
typically used as an adjuvant treatment for individuals
who have a high risk of recurrence or also as the
primary treatment in cases where surgery is not
indicated. But these integral treatments cause
numerous side effects leading to a decrease in the
patient's quality of life. Hence the need for an
alternative or a supplementary treatment is
warranted so as to treat the disease and yet
maintain a state of well being for the patient®.

Although modern medicine incorporates an
interdisciplinary team approach in managing oral
cancer there is a limited number of literature that
teams with alternative medicine specialities in
mainstay cancer treatment.

Alternative  medicine is a broad term
encompassing a variety of medical modalities
which range from the ancient Eastern practices of
acupuncture and Tai chi to herbal medicine, Reiki,
chiropractic manipulation, and more. The term
"alternative medicine”™ is named so as it is
regarded as an “alternative” to allopathic medicine

or modern medicines®.

Many Chinese/ayurvedic herbal medications have
gained attention in the last two decades for their
ability to both sensitize and defend against
radioactive and chemotherapy treatments for
cancers, particularly bone cancer and head and
neck tumors.® The ancient Indian holistic therapy
known as Ayurveda has recently acquired
popularity for treating a variety of illnesses,
including treatments for oral squamous cell
carcinoma and other potentially cancerous
conditions. Preparations from Ayurveda have been
utilized to boost immunity, alleviate symptoms,
and even lessen the side effects of traditional
treatments like chemotherapy and radiation’.

Also, various herbal medicines have been studied
and found to have tumoricidal properties. They are
generally considered safe and have few or no
adverse effects, especially when compared to
synthetic drugs. Hence we can consider them as a
promising option in treating oral
Integrating these alternative medicines in an
interdisciplinary approach might aid in treating
cancer without decreasing the quality of life.
However, there seems to be a lack of literature that
has evaluated their impact from a research
oriented background. Further there is a lack of

cancer.

studies assessing the pharmacologic as well as
toxicology profile of the multiple properties of
herbal medicines.

The aim of this review is to shed light on the current
research status of various herbal alternative
medicines which are being studied for their efficacy
in treatment of oral cancer, focusing mainly on their
mechanism of action and provide information that
can help decide their ability to be incorporated in
oral cancer treatment.

Methodology:

A non-systematic literature search was conducted
in PubMed and Google Scholar for articles
published from 2015 to 2025. The search included
the following keywords and Boolean operators:
("oral cancer" OR '"oral neoplasm'™) AND

("alternative medicine™ OR "complementary
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medicine” OR "ayurveda” OR "herbal medicine"
OR "chinese medicine"). The search was limited to
articles published in English.

The search in PubMed identified 209 results, which
were individually reviewed, yielding 185 articles.
The search in Google Scholar yielded 854 articles.
The search was limited to Research studies, case
reports, or clinical trials with full text that used
alternative medicine for the targeted treatment of
oral cancer. Full texts or abstracts that answered
the following questions were included in the study.

- Name/identification of the drug.

- Comprehensive profile of the drug.

- Mechanism of action/ pharmacological rationale
behind its selection.

- Specific biomolecular targets modulated by the
use of the drug.

- Any adverse effects observed or side effects
arising from its use.

- Results/outcomes.

Twenty-seven articles were identified that met the
above criteria for inclusion and were finally
considered for review after thoroughly examining
the quality and content of each one.

We have included the review of 21 herbal or
alternative medicines which have been used in
treatment of oral cancer. We have specifically
focused on their mechanism of action and research
studies testing their efficacy exclusively in oral cancer.

1.PURE NEEM LEAF EXTRACT

Neem leaf extract is a natural substance obtained
from the foliage of the Azadirachta indica tree,
which is part of the Meliaceae family. Native to the
Indian subcontinent, this botanical agent has been
employed in traditional medicine systems, like
Ayurveda, for centuries. The extraction process
yields a complex mixture of bioactive compounds,
including azadirachtin, nimbin, and other
limonoids, which are believed to contribute to its

therapeutic properties®.

Mechanism of action:

Neem leaf extract has garnered interest for its
potential to combat cancer through various
biological activities.

- Impede the uncontrolled proliferation of
malignant cells and trigger programmed cell death
(apoptosis) in cancerous cells®

- Interfere with tumour angiogenesis.

- Modulation of the body's detoxification enzymes,
potentially aiding in the elimination of cancer-causing
substances. Neem extract can influence xenobiotic
metabolizing enzymes which play da crucial role in
the body's detoxification processes, either activating
or deactivating potential carcinogens®.

- Inhibit Phase | enzymes (which can activate
carcinogens) and induce Phase Il enzymes (which
detoxify them). This dual action could provide a
protective effect against cancer development®.

- When used in combination with other cancer
treatments can potentially enhance the effects of
chemotherapy or radiation therapy by promoting
cell cycle arrest and reducing radio resistance in
OSCC and reduce some of the adverse side effects
associated with conventional cancer treatments?®.

Current research status:

-At present, neem leaf extract is being explored as
a potential adjunct or complementary therapy
rather than a mainstream treatment modality.
Study by Morris J et al. (2019) investigates its
effects on key signaling pathways (STAT3, AKT,
and ERK1/2) involved in cancer growth and spread.
it also investigates its ability to modulate the
immune system?™.

Future requirements for implementing in clinical
practice:

Clinical trials are required to determine its safety
and efficacy in humans.

2.TRIPHALA

Triphala (TRP), an Ayurvedic and thai traditional
medicine, is derived from the dried fruits of
Terminalia chebula, Terminalia bellirica, and
Phyllanthus emblica or Emblica officinalis'.

Mechanism of action:
-Inhibit the growth and induce the death of cancer
cells effectively.

© 2025 European Society of Medicine 3
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-A number of active compounds in the formula,
especially tannins, induce apoptotic cell death via
free radical production in cancer cells.

-High levels of antioxidants in the triphala is
capable of protecting normal cells from any free
radical-mediated injuries effectively.

-Triphala has high potentials for inhibition and
prevention of mutagenesis and metastasis of
cancer cells*2.

Current research status:

-Wongnoppavich A assessed anti-tumor effects
and underlying genetic mechanisms of herbal
medicine Triphala (TRP) in oral squamous cell
carcinoma (OSCC) cell lines.(CAL-27 and SCC-9).
The functional rescue assay was conducted to
investigate the effect of applying the inhibitor and
activator of an enriched pathway on the
phenotypes of cancer cells. In addition, the
zebrafish xenograft tumor model was established
to investigate the influence of TRP extracts on
tumor growth and metastasis in vivo. The study
demonstrated triphala to have a significant
inhibitory effects on cell metabolic activity,
migration, invasion, and proliferation in OSCC cell
lines, accompanied by the induction of apoptosis,
which was mediated through the inactivation of the
PI3K/Akt pathway*2.

Future requirements for implementing in clinical
practice:

-Studies in the mechanism of action of Triphala and
the product development as well as safety
evaluation of the standard herbal extract are
definitely required for future pharmacological
applications of Triphala as anticancer agents for
cancer therapy.

3.IMPATIENS BALSAMINA L.

Impatiens balsamina L. is used as traditional herbal
medicine to treat rheumatism, swelling, beriberi,
bruising, and fingernail inflammation?3.

Mechanism of action:
The crude extracts of |. balsamina L. contain
peptides, quinones, and flavonoids which are

known to possess antimicrobial, antipruritic, and
anti-dermatitic effects?3.

Current research status:

Ji-Ae Shin at al assessed Down-regulation of Akt by
methanol extracts of Impatiens balsamina L. in oral
cancer cell line and demonstrated that MEIB
decreased cell viability and induced apoptosis in
human OSCC cells. Expression of p-Akt in OSCC
tissues showed a negative correlation with survival
of OSCC patients. Inhibition of Akt signaling by
MEIB was associated with down-regulation of
survivin expression and activation of Bax protein
during apoptotic event. These findings provide a
foundation in cell biology for development of MEIB
as a therapeutic drug for human OSCC®.

Future research:
Need in vivo- as well as clinical trials for its
complete use in clinical application.

4.UROLITHIN A

Urolithin A is the metabolite of natural polyphenol
ellagic acid and ellagitannins, generated by gut
microbiota. Ellagitannins are considered to be the
main precursors of urolithins.

Ellagitannins are polyphenols found in many plant
foods, especially in pomegranate fruit, strawberry,
walnuts, and tea. Ellagitannins are metabolized in
the intestinal tract to ellagic acid. Depending on
microbiota composition ellagic acid might be
converted to different urolithins — urolithin A,
urolithin B, urolithin C, urolithin D, and iso-urolithin
A. Among urolithins, the urolithin A is considered
highly beneficial as it has anti- inflammatory and
anti-cancer properties'“.

Mechanism of action:
- Urolithin A act as an anti-inflammatory agent
which in turn causes tumor suppression.

- These anti-inflammatory effects of Urolithin A
work by multiple mechanisms that include
influencing the NFkB pathway in inflammation and
reducing the
production?®,

pro-inflammatory cytokine

- Urolithin A has also been found to have direct

cancer effects by downregulating several

oncogenes such as Kirsten-rat sarcoma viral
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oncogene homolog (KRAS) and mTOR and also
upregulate tumor suppressor genes such as p53 in
different cancers®.

Current research status:

A study by Remadevi et al revealed that urolithin A
markedly induced cell death of OSCC in mouse
models via the induction of endoplasmic reticulum
stress and subsequent inhibition of AKT and mTOR
signalling as evidenced by decreased levels of
phosphorylated mTOR and 4EBP1%°.

Future requirements for implementing in clinical
practice:

Clinical trials are required to determine its safety
and efficacy in humans.

5. TERMINALIA CHEBULA

Terminalia chebula, also known as black myrobalan, is
a medicinal plant from the Combretaceae family. It
is a key ingredient in traditional medicine systems,
such as Ayurveda, Unani, and homeopathy. This
plant is commonly found across the subtropical and
tropical regions of Asia’®. Historically, ripe fruits
have been used to manage dental problems such
as tooth decay, gum inflammation, and bleeding.
Furthermore, it holds importance in Tibetan
medicine for addressing cancer’.

Mechanism of action :

Terminalia chebula exhibits various beneficial
attributes, including antioxidant, anti-inflammatory,
antibacterial, antifungal, and cytotoxic effects. The
ethyl acetate fraction extracted from T. chebula
fruits can diminish cancer cell survival, trigger
programmed cell death (apoptosis), and impede
the multiplication and spread of SCC9 cells. The
ethyl acetate fraction also boosts the production of
reactive oxygen species (ROS), encouraging
Caspase-3-dependent apoptosis via the intrinsic
apoptosis pathway'’. Specific phenolic compounds
such as chebulinic acid, tannic acid, and ellagic
acid are the most effective growth-inhibiting
components of T. chebula®®.

Current research status:

Extracts from Terminalia chebula tubers caused
apoptosis in an oral cancer cell line at 30 pg/mL
after 24 hours, according to an in vitro investigation?®,

Future requirements for implementing in clinical
practice:

Further research is needed to comprehend the
active ingredients and underlying molecules to
explore the potential in combination therapies and
effectiveness at different stages of the disease.

6. SOLANUM NIGRUM

Solanum nigrum, commonly known as black
nightshade, is an herb belonging to the
Solanaceae family. Solanum nigrum is composed
of various compounds, including alkaloids,
steroidal saponins, glycoproteins, antioxidants,
and flavonoids, which contribute to its medicinal
properties. Traditionally, the leaves of S. nigrum
have been used to treat mouth ulcers and
tuberculosis. It contains approximately 188
phytoconstituents, including steroidal components,
steroidal alkaloids, glycoproteins, polysaccharides,
and benzoic acids®.

Mechanism of action:

Solanum nigrum possesses anticancer and
antioxidant properties, primarily attributed to the
presence of solasodine in its fruits that has the
potential to induce apoptosis (cell death) in cancer
cells and disrupt their proliferation 2°.

- Aqueous extracts of S. nigrum (AESN) can
increase the production of reactive oxygen species
[ROS], which can trigger the mitochondrial
apoptotic pathway by promoting caspase-9 and
caspase-3 activation®®.

- AESN can hinder glucose uptake in oral

squamous (SCC), leading to
mitochondrial fission.

cancer cells

Current research status:

Current studies on the role of S. nigrum in oral
cancer therapy have focused on in vitro evaluation
of the impact of aqueous extracts of Solanum
nigrum (AESN) on oral squamous cell carcinoma
(OSCC) cells, specifically focusing on cell
proliferation, cell cycle,
function®. In addition, mechanistic studies have

and mitochondrial

evaluated how Solanum nigrum affects molecular
pathways related to apoptosis and cell proliferation
and examined the ability of Solanum nigrum
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extracts to increase reactive oxygen species
production in cancer cells®?. In both studies
Solanum nigrumhas been explored for its potential
as an adjuvant chemotherapy agent to enhance the
effects of conventional treatments*®®, More research
is needed before it can be considered mainstream.

7. TONGLU JIEDU

Tongluo Jiedu is a traditional Chinese medicine
(TCM) formulation that emphasizes the principles
of "meridian circulation™ and "toxin elimination®.,
According to TCM theory, diseases such as cancer
arise from blockages in the meridian system, which
disrupt the flow of vital energy or g/and blood®.

Its components include bioactive compounds
extracted from herbs like Astragalus and Salvia
miltiorrhiza, each reputed to improve immunity and
blood flow. The Tongluo Jiedu formula restores
this balance by promoting
detoxifying the body. This formula supports
microcirculation, enhances immune function, and
reduces inflammation, which are critical for

circulation and

managing cancer symptoms and progression?,

Mechanism of action:

The key properties of Tongluo Jiedu that make it
effective in addressing oral cancer include anti-
inflammatory, antioxidant, and immunomodulatory
effects.

- The compounds in this formula help combat
cancer-related oxidative stress, reduce tumor-
promoting inflammation, and strengthen immune
defences.

- For instance, ingredients such as Radlix bupleuri
reduce inflammatory responses, whereas Poria cocos
and Atractylodes macrocephala aid in modulating
the immune system, creating environments that are
less favourable for cancer growth?.

- The formula also improves circulation, reducing
stagnation and promoting toxin elimination, which
may alleviate malignancies .

Current research status:

Tongluo Jiedu is typically used in combination with
conventional treatments, such as chemotherapy or
radiotherapy. There is limited evidence to support
its efficacy as a standalone treatment for oral cancer.

Studies suggest that it offers a synergistic effect
when combined with these therapies, enhancing
immune recovery from chemotherapy-induced
suppression and reducing
oxidative stress?:?22,

treatment-related

Clinical trials are assessing its impact on inflammatory
markers, peripheral T-cell subsets, and immune
regulation in patients undergoing chemotherapy
for oral cancer?®. Yin et al. highlighted significant
improvements in patients’ immune function and
oxidative stress levels when Tongluo Jiedu was
added to chemotherapy regimens?.

Other investigations have delved into the biological
pathways influenced by this formula to uncover the
mechanisms behind its anticancer effects??.

Future research implications:

Large-scale, multicentre trials have been
recommended to validate preliminary findings and
assess its broader applicability.

Although Its ability to reduce inflammation and
improve immunity in advanced cases are studied,
more detailed studies are required to determine
their exact role in early stage cancers.

8. JUNIPERUS COMMUNIS

Juniperus is a species of evergreen shrubs or small
trees that belongs to the family Cupressaceae?®. It
has been traditionally employed in herbal medicine
for its antiseptic, diuretic, and appetite-enhancing
properties®*.Modern research has revealed its
broad pharmacological profile, including antioxidant,
anti-inflammatory, antimicrobial, and antidiabetic
capabilities. Compounds derived from this plant,
including terpenoids, flavonoids, and other bioactive
secondary metabolites, have shown promise in
combating various illnesses, including cancers® 2.

Mechanism of action:

The anticancer potential of Juniperus communis
lies in its ability to inhibit tumor growth and induce
cancer cell death through specific molecular
pathways?*2°,

- It demonstrates antioxidant and antiproliferative
properties, which target oxidative stress and
reduce uncontrolled cancer cell division.

© 2025 European Society of Medicine 6
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- It can trigger apoptosis (cell death) in oral cancer
cells via intrinsic and extrinsic pathways by
modulating proteins like Bax, Bcl2, and caspase
cascades.

- It can arrest the cell cycle in the GO/G1 phase by
regulating tumor suppressors such as p53, p21,
and Rb phosphorylation, preventing further cancer
progression.

- This selective anticancer effect, which spares
normal healthy cells, makes J communis an
attractive treatment option.

Current research status:

At present, Juniperus communisis best categorized as
a complementary option rather than a standalone
or mainstream treatment for oral cancer. Juniperus
communis is focused largely on preclinical studies
conducted in laboratory and animal models?®.

Current evidence suggests that J. communis yields
better results when used in combination with other
drugs, particularly chemotherapeutic agents such
as 5-Fluorouracil (5-FU). Studies reveal a strong
synergistic effect between J. communis extract and
5-FU, enabling lower drug doses while maintaining
effective inhibition®*?,  This
combination reduces toxicity to normal cells and
amplifies anticancer benefits.

cancer cell

Studies on other Juniperus species like Junijperus
squamata and Juniperus indica have also shown
potential in oral cancer treatment?®.

Future research implications:

- While the plant extract shows anticancer action
independently, its use in clinical settings as a sole
therapy has yet to be sufficiently validated for
efficacy.

- Large-scale human trials for J. communis remain
limited, underscoring the need for further clinical
research

- Clinical studies need to confirm its exact role in
late-stage or metastatic oral cancer.

9. GOJI BERRY
Lycium barbarum, commonly known as goji berry,
Chinese wolfberry, or Tibetan goji, is a plant

species belonging to the Solanaceae family. It is
native to Southeast Europe and parts of Asia?’.

This plant has been extensively used in traditional
Chinese medicine and as a dietary supplement due
to its rich nutritional and therapeutic properties.
The berries, which are typically consumed dried,
are packed with bioactive compounds, including
polysaccharides (known as Lycium barbarum
polysaccharides, or LBPs), scopoletin, vitamin C
analogs, carotenoids (like zeaxanthin and B-
carotene), flavonoids, and amino acids, all
contributing to its antioxidant and disease-
modulating potential®’.

Mechanism of action:

The anticancer properties of Lycium barbarum
mainly arise from its high concentration of
bioactive components such as LBPs, flavonoids,
and carotenoids. These compounds are known for
their antioxidant, anti-inflammatory, and
immunomodulatory effects #'.

- Inhibit cancer cell proliferation, migration, and
adhesion. It achieves this by regulating key cellular
signaling pathways, including ERK, AKT, Cyclin D,
and others?.

- Enhance immune responses by activating natural
killer (NK) cells and inducing the expression of
interferon-gamma, which promotes cancer cell
death?.

- Bioactive compounds in goji berries also show
specific effects, such as causing G1/S cell cycle
arrest, which helps control the growth and
migration of oral cancer cells?.

Current research status:
Currently, Lycium barbarum is viewed as a
complementary treatment option rather than a

mainstream therapy for oral cancer. By
incorporating natural agents like Lycium barbarum
alongside traditional cancer  treatments,

researchers aim to reduce the toxic effects of
chemotherapy, enhance therapeutic efficacy, and
improve patients' overall quality of life. Its use as a
complementary therapy is backed by emerging
research demonstrating its tumor-sensitizing and
immunomodulatory roles?.

© 2025 European Society of Medicine 7
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Recent studies have explored its effect against oral
squamous cell carcinoma (OSCC), focusing on its
ability to reduce cell viability, inhibit colony
formation, and suppress cancer cell migration?.

Investigations have demonstrated that Lycium
barbarum extract modulates the expression of
proteins such as ERK1/2, AKT1, and Cyclin D,
which  play
proliferation?.

critical roles in cancer cell

Future research implications:

Research on Lycium barbarum's role in oral cancer
is primarily in the preclinical and in-vitro stages.
Clinical and patient-based trials are required to
confirm its safety, efficacy, and mechanisms in
humans.

10. NARINGENIN

Naringenin is an important phytochemical which
belongs to the flavanone group of polyphenols,
and is found mainly in citrus fruits like grapefruits
and others such as tomatoes and cherries plus
medicinal plants derived food. It has anti-
inflammatory, antioxidant,
hepatoprotective, and anti-cancer properties®.

neuroprotective,

Mechanism of action:

A study done in human tongue carcinoma CAL-27
cells showed that naringenin significantly induced
apoptosis in CAL-27 cells in a dose-dependent
manner. This naringenin-induced apoptosis was
mediated through the upregulation of Bid and
downregulation of Bcl-xl, which led to increased
generation of reactive oxygen species®.Similarly
cell apoptosis was noted in OSCC cells in another
study by inducing the endoplasmic reticulum (ER)
stress signaling through intracellular reactive
oxygen species (ROS) production®. Another study
done on oral cancer cell lines found that naringin
treatment significantly reduced cell viability and
cell migration compared to the control group. It
was also noted that it regulated gene expression of
Bcl-2, TGF-B, SMAD2, TNFa, NFkB, BAD, BAX, and
caspase-3, thereby treating oral cancer®,

Current research status:
Naringenin was assessed for anti tumour effects in
two murine oral squamous cell carcinoma models

and it was found to increase the mRNA levels of
CD169, interleukin (IL)-12, C-X-C motif chemokine
ligand 10 (CXCL10) in lymph nodes and cytotoxic
T lymphocytes infiltration in tumors. Since CD169+
macrophages are associated with favourable
prognosis in numerous malignancies, naringenin
can be used in OSCC treatment®.

Future research implications:
Further clinical trials are required to use naringenin
as a means of targeted cancer therapy.

11. QUERCETIN
Quercetin is a naturally occurring flavonoid present
in a variety of fruits, vegetables, seeds, and grains®.

It is a potent antioxidant renowned for its therapeutic
benefits in combating numerous health issues,
including cardiovascular diseases, neurodegenerative
disorders, and cancers***®.Found in foods like
onions, apples, berries, and tea, quercetin also
exists as a glycoside form in the human diet and is
widely available as a dietary supplement®.Studies
have linked this bioactive compound with
significant anti-inflammatory, antibacterial, and
antitumor properties, making it a promising agent
in cancer treatment®®.In the context of oral cancer,
quercetin has drawn attention due to its ability to
selectively target cancerous cells while sparing
normal ones. Despite its physiological benefits, its
poor bioavailability and absorption in humans (as
low as 10%) present a key limitation, necessitating
further research into improved delivery mechanisms®.
Quercetin exhibits potent anti-cancer properties
by leveraging its antioxidant, anti-inflammatory,
and anti-proliferative capabilities®.

These properties allow quercetin to:

- Neutralize free radicals and reduce oxidative
stress, a key factor in cancer development®*.

- Inhibit the proliferation of cancer cells and induce
apoptosis (programmed cell death) within them?3*,

- Suppress metastatic pathways, effectively
reducing the spread of oral cancer cells to other
tissues.

- Regulate pathways involved in angiogenesis
which supports the tumor's growth34,

© 2025 European Society of Medicine 8
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- Additionally, quercetin targets EMT (epithelial-to-
mesenchymal transition) markers such as Vimentin,
a-SMA, and E-cadherin, halting cellular mechanisms
that contribute to invasion and metastasis [citation
needed]. It also modulates gene expressions and
microRNAs (e.g., miR-16, miR-22, miR-1254), which
play vital roles in enhancing apoptosis and
reducing tumor invasiveness®.

Mechanism of action:

Oxidative Stress Modulation: In oral cancer cells,
quercetin paradoxically increases reactive oxygen
species (ROS), creating oxidative stress and
triggering cellular death®*.At the same time, it
protects normal cells from oxidative damage3“.

Apoptosis Induction: Quercetin activates apoptotic
pathways via mitochondrial and endoplasmic
reticulum stress. Key proteins like cytochrome c,
apoptosis-inducing factor (AlF), and caspase-8 are
upregulated, leading to mitochondrial dysfunction
and cell death?.

Cell Cycle Arrest: It induces S-phase or G2/M-
phase arrest in cancer cells, preventing cell division
and proliferation®.

EMT Regulation: By upregulating E-cadherin (a
tumor suppressor protein) and downregulating
migratory proteins like Vimentin and a-SMA,
quercetin inhibits metastasis®.

miRNA Modulation: It modulates pathways such as
miR-22/Wntl/B-catenin, leading to reduced tumor
growth, cell migration, and invasion [citation
needed]. For example, quercetin increases miR-
1254 to suppress CD36 expression, which is linked
to cancer progression®:.

Enzyme Inhibition: It reduces the activity of MMP-2
and MMP-9, enzymes critical for matrix degradation,
invasion, and metastasis in oral cancer3.

Current research status:

Quercetin has shown efficacy in early and
advanced stages of oral cancer. Preclinical studies,
particularly on human oral squamous carcinoma
cells, demonstrate that quercetin can reduce tumor
viability, inhibit cell migration/invasion, and promote
apoptosis across various stages of the disease®.

In the early stages, quercetin can act as a cytotoxic
agent to halt tumor progression3>3,

In advanced stages, it helps in managing metastasis
and reducing tumor burden. It is also studied for its
ability to enhance the efficacy of conventional
treatments such as chemotherapy (e.g., combined
effects with cisplatin or doxorubicin)®. Its antioxidant
potential and ability to scavenge free radicals make
it effective in preventing the initiation of oral cancer.
By reducing oxidative stress and inflammation, it
prevents DNA damage and mutagenesis®. Quercetin
has shown promise when used alongside traditional
therapies like chemotherapy and radiotherapy.
Studies suggest it sensitizes cancer cells to
conventional drugs (e.g., cisplatin), reducing the
required dose and associated toxicities®.

Key areas of investigation include:

Molecular Pathways: exploring how quercetin
impacts apoptosis, cell cycle progression, and
gene expression in oral cancer. Studies using cells
like SAS, SCC-9, and KON confirm its role in
inducing mitochondrial dysfunction and enhancing
stress pathways®.

Combination Therapies, investigating quercetin’s
use alongside chemotherapeutic agents (e.g.,
cisplatin, doxorubicin) to reduce drug toxicity while
improving effectiveness®.

MicroRNA Regulation focusing on quercetin’s role
in modulating microRNAs such as miR-16, miR-22,
and miR-1254, which are critical to reducing cancer
cell viability®*.

Improving Bioavailability for developing novel delivery
methods such as nanoparticles and lipid carriers to
overcome the low absorption of quercetin®.

ROS-Induced Death: Studies are examining
quercetin’s dual role in increasing ROS in cancer
cells while reducing oxidative stress in normal cells®.

Future study implications:

Research on quercetin and oral cancer remains
largely preclinical, focusing on its biological
activity, molecular pathways, and delivery methods.
Its specific dosing as a complementary treatment
still requires clinical validation®*,
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12. AMYGDALIN

Amygdalin is a natural compound classified as a
cyanogenic glycoside, primarily found in the seeds
of certain fruits like apricots, peaches, apples, and
bitter almonds®'.

Historically, it has been used in traditional medicine
and became patrticularly notable as a complementary
therapy for cancer under the name "laetrile” or
"vitamin B17," though it is not a true vitamin3,
Upon ingestion, amygdalin can break down into
glucose, benzaldehyde, and hydrogen cyanide.
While hydrogen cyanide is toxic to both healthy
and cancerous cells, proponents of amygdalin
therapy suggest its selective toxicity toward cancer
cells when administered properly*’.

Because of its controversial nature, amygdalin use
has generated significant debate in the scientific
and medical communities, particularly regarding its
safety profile and therapeutic efficacy*”. Amygdalin’s
anti-cancer potential is attributed to its ability to
release hydrogen cyanide when metabolized
within the body.

Mechanism of action:

Amygdalin primarily acts by releasing hydrogen
cyanide, which is toxic to cells. The mechanism
involves:

A. Metabolism in the Body: Amygdalin is broken
down by beta-glucosidase into glucose,
benzaldehyde, and hydrogen cyanide. Cancer cells
with  higher beta-glucosidase
particularly vulnerable to the toxic effects of
hydrogen cyanide®.

activity are

B. Mitochondrial Dysfunction: Hydrogen cyanide
inhibits cellular respiration by blocking cytochrome
c oxidase activity in the mitochondria. This results
in energy depletion and apoptosis, leading to cell
death in cancerous tissues®.

C. Induction of Apoptosis: Amygdalin has been
shown to trigger apoptosis in various cancer cell
types via mitochondrial pathways, characterized by
the activation of caspases and disruption of the
mitochondrial membrane potential®’.

Current research status:

Research on amygdalin’s application in oral cancer
is mostly preclinical, focusing on its effects in vitro
(cancer cell cultures) and in vivo (animal models). In
these studies, it has demonstrated the potential to
reduce tumor cell proliferation, induce apoptosis,
and prevent metastasis, suggesting its potential
role in early-stage and advanced-stage oral cancers®.

Amygdalin has also been investigated as an
adjunctive therapy to help minimize cancer
progression and enhance the effects of
conventional treatments like chemotherapy®.its
purported ability to selectively target cancer cells
while sparing normal tissues makes it an appealing
adjunct for reducing tumor burden. Furthermore, it
is believed to enhance the therapeutic effects of
primary treatments and potentially alleviate side
effects like inflammation or pain associated with
oral cancer®.The key areas of investigation include:

A. In Vitro Studies: Studies on oral squamous cell
carcinoma (OSCC) cell lines to explore the
apoptotic effects and impacts on cell proliferation,
migration, and invasion. For example, amygdalin
has been observed to trigger apoptosis through
mitochondrial pathways and G1/S cell cycle arrest
in OSCC cells®.

B. Animal Model Studies: Researchers are
evaluating the antitumor effects of amygdalin in
animal models, focusing on its ability to reduce
tumor volume and limit metastasis®®.

C. Combination Therapies: Emerging research
aims to assess the potential synergistic effects of
combining amygdalin with conventional treatments,
such as chemotherapy or photodynamic therapy,
to enhance efficacy while reducing toxicity®.

D. Safety and Toxicity: Given the potential risks
associated with hydrogen cyanide release, studies
are being conducted to optimize the dosage, limit
toxicity, and improve drug delivery to cancer
tissues while sparing healthy tissues®.

E. Delivery Systems: Efforts are underway to
develop advanced delivery systems, such as
nanocarriers, to improve the targeted release of
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amygdalin and enhance its bioavailability in
cancerous tissues*.

Future research implication:

While amygdalin shows promise in limiting tumor
growth and reducing cell migration, its
effectiveness in human trials remains unproven.
However, clinical evidence supporting its efficacy
in these areas is sparse and controversial.

Further, the clinical application of amygdalin is limited
due to regulatory restrictions in many countries.
Most of the available data arises from preclinical
evidence, and there is a pressing need for well-
designed human clinical trials to validate its safety
and efficacy as a treatment for oral cancer",

13. OSBECKIA OCTANDRA

Osbeckia octandra, commonly referred to as
""Heen Bovitiya," is a plant belonging to the family
Melastomataceae®.Endemic to Sri Lanka, the plant
has long been utilized in traditional medicine for
treating conditions such as liver diseases, diabetes,
jaundice, hepatitis, and hyperlipidemia*.The leaves,
roots, and bark are known for their medicinal
properties, while the young stems and leaves are
also edible. In particular, the O. octandra leaf
extract has been highlighted for its hepatoprotective,
antioxidant, and anticancer properties®.lt has
recently gained attention for its ability to impede
the progression of oral squamous cell carcinoma
(OSCC), which is one of the most prevalent forms
of head and neck cancers .The anticancer effects of
O. octandra are attributed to the bioactive
phytochemicals present in its leaves, including
phenols, tannins, flavonoids, alkaloids, and
terpenoids*.These compounds exhibit antioxidant,
antiproliferative, and apoptotic properties, making
them effective in targeting cancer cells*.

Mechanism of action:

- Studies have demonstrated that the leaf extract
induces DNA fragmentation, G1 cell cycle arrest,
and apoptosis in OSCC cells while sparing healthy
cells®,

- The plant extract influences apoptotic pathways
by regulating pro-apoptotic and anti-apoptotic

proteins, such as Bax and Bcl-2, thereby inducing
mitochondrial apoptosis .

- Another significant mechanism involves the
inhibition of reactive oxygen species (ROS)
generation, distinguishing O. octandra-driven
apoptosis from ROS-dependent pathways.

Current research status:

Currently, Osbeckia octandra is being explored as
an experimental complementary treatment. While
it lacks the established status of a mainstream
therapy, its low toxicity, antioxidant properties, and
ability to target oral cancer cells without affecting
healthy tissues make it an appealing adjunct to
conventional treatments, such as chemotherapy or
radiotherapy“°.

The plant could help mitigate some of the adverse
effects of standard therapies by reducing oxidative
stress, which is often heightened during cancer
treatment®.Further research and clinical trials are
needed to fully establish its therapeutic role.

Based on current findings, the anticancer efficacy
of Osbeckia octandra is highly promising when
used alone in early, controlled settings, as it
outperformed doxorubicin (a
chemotherapeutic drug) in reducing OSCC cell
viability at a 30 yg/mL concentration.

standard

However, the extract’'s potential for enhanced
cancer control may increase when combined with
other drugs or therapies. Although no specific
combinatory studies have been conducted yet, O.
octandrds ability to complement traditional
chemotherapeutics by minimizing side effects
could make it a valuable adjunct. Its specific
mechanisms of action suggest it could synergistically
enhance the efficacy of other cancer treatments*.

Research on Osbeckia octandrds role in
combating oral cancer is primarily in the preclinical
and in-vitro stages. It is being tested on oral
squamous cell carcinoma (OSCC) cell lines, such as
YD-38, to study its ability to reduce cell viability,
induce DNA damage, and trigger apoptosis®.
Recent investigations have focused on its role in
cell cycle regulation, showing its capability to

downregulate cyclin D1 and CDK4/6, leading to
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G1 cell cycle arrest “*.0Ongoing work also involves
the assessment of its mitochondrial apoptosis
pathways by observing Bax and Bcl-2 protein
expressions.

Future research implications:

- Exploring its effects on epithelial-mesenchymal
transition (EMT), further elucidating caspase-
mediated apoptosis, and identifying specific
bioactive components responsible for its
anticancer effects*.

- Its role in advanced or metastatic stages of oral
cancer remains unclear and requires further
investigation.

14. CURCUMIN

The rhizome (root) of the curcuma longa is the
source of the plant compound curcumin. In
addition to being a common perineal plant in south
and southeast Asia, it is a member of the ginger
family and an active ingredient in turmeric.
Dimethoxy-curcumin, bisdemethoxycurcumin, and
curcumin (diferuloylmethane) are the three primary
constituents. It is used to treat rheumatism,
sinusitis, diabetes wounds, biliary disorders,
anorexia, coughing, and hepatic problems?*2.

Curcumin is a compound that exhibits a wide range
of biological properties,
inflammatory, antibacterial, antifungal, antioxidant,
antitumor, and wound healing, in addition to its
anticancer properties. It is typically yellow or
orange in color. Curcumin has a very low level of
bioavailability because it is highly lipophilic, has
poor gastrointestinal absorption, and is largely
excreted without being absorbed*?.

including  anti-

According to a study by Lao et al. the maximum
concentrations of curcumin in the blood when 10
or 12 g of curcumin taken orally, were 50.5 and
57.6 ng/ml, respectively*.

Mechanism of action:

Curcumin has been shown to have the ability to
alter the following genes, which could have anti-
cancer effects on head and neck cancer.

- Curcumin targets a number of different
molecules, including interleukin (IL)-1, -2, -6, -8

(interleukins), tumor necrotic factor-alpha (TNF-a),
kinase activity epidermal growth factor receptor
(EGFR) kinase, mitogen-activated protein kinase
protein kinase-A (MAPK PKA), protein kinase-B
(PKB), protein kinase-C (PKC), Janus kinase (JAK),
transcriptional factor AP-1, b-catenin, cyclic AMP
response element-binding protein (CREB), nuclear
factor kappa-light-chain-enhancer of activated B
cells (NF-kB), peroxisome proliferator-activated
receptor-gamma (PPARg), STAT3, p53, c-myc
(master regulator of cell cycle entry and
proliferative metabolism), and hypoxia-inducible
factor-1 (HIF1)*.

- Improved levels of interferon-gamma,
transforming growth factor-beta, IL-17,
immunoglobulin E (Ig) E, proinflammatory cytokine
IL-4, and type 1/type 2 helper cells (Th1)/(Th2) ratio
in immune system-disturbed circumstances®.

Current research status:

Although curcumin controls a number of signaling
pathways, the fundamental processes are yet
unknown. Curcumin has recently been shown to
regulate epigenetics by altering DNA methylation,
histone alterations, and miRNA expression in a
variety of malignancies.
prevented invasion, migration, metastasis, and
proliferation. They then altered several signaling
pathways in oral cancer cell types, which resulted
in apoptosis. However, more clinical research is
required to fully assess curcumin’'s impact on

human Curcumin

patients with oral cancer*.

In vitro cell line studies have demonstrated the
role of curcumin in:

e Downregulation of miR-21 expression & inhibits
cell growth in oral cancer cells.

e Activation of autophagy and acceleration of
apoptotic molecules in oral squamous cell carcinoma.

e Downregulation of NOTCH-1 pathway which in
turn leads to downregulation of BCL-2, MMP9, VEGF
and cyclin D in oral squamous carcinoma cell lines.

e Downregulation of HPV transcription ( NF-kB and
AP-1) in HPV positive oral cancer cell lines.
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e Inhibits transcription of E6 oncogene in HPV
positive oral cancer cell lines.

e Induces the expression of miR-9 that mediates
the inhibition of SSC9 cells proliferation and
Wnt/Bcatenin signaling pathway in human tongue
squamous cell cancer cell lines

¢ Inhibits NF-kB that is able to reverse the process
of EMT back to MET, reducing Treg-attracting
chemokine CCL22, with visible inhibition of Treg
migration.

e Decreased the expression of PDL1 and p-STA.

e Reduced cell invasion in hepatocyte growth
factor (HGF) induced HSC-4 cell lines. Further it
reduced Epithelial mesenchymal transition in both
HGF induced HSC-4 and Ca9-22 cell lines by
repressing c-Met and ERK activation**

Invivo-studies:

APG-157, a botanical medication that contains
several polyphenols, including curcumin, was used
double-blind, randomized, placebo-
controlled, phase 1 clinical research that involved
12 patients with oral cancer and 13 healthy
volunteers. For three hours, two transormal doses

in a

of either 100 mg or 200 mg were given every hour.
The current study's findings indicated that APG-
157 might be used as a medication in conjunction
with immunotherapy*.

Future study implications:

Although the effect of curcumin on diseases is
known through in vitro and preclinical studies,
clinical studies are hampered due to poor systemic
absorption after oral administration. Future studies
need to focus on identifying precise mechanisms
of curcumin action, methods of increasing the
absorption and bioavailability of the drug.

15. ALLYL ISOTHIOCYANATE
Allyl isothiocyanate (AITC) is A
phytochemical found in cruciferous Brassicaceae

common

vegetables, such as cauliflower, broccoli, mustard,
wasabi, and cabbage. The strong odor of these
veggies is caused by the enzyme AITC. The plant
stores sinigrin, a kind of glucosinolate, as a
precursor of AITC that is physically separate from
myrosin cells that contain myrosinase. When plant

tissues are disrupted, myrosinase is released from
its storage position and hydrolyzes the sinigrin to
produce AITC and other byproducts*’.

Mechanism of action

Research studies have demonstrated that AITC
can interfere with the cancer cell progression by
retarding cell growth, proliferation, migration, and
invasion. AITC regulates the DNA methylation
process and has been found to decrease DNA
methylation in cancer cells. This causes the tumor
suppressor gene reactivation which is the gene
known to inhibit cancer cell growth and AITC has
been found to impede the action of enzymes that
regulate the modification of histone named histone
deacetylases (HDACs). AITC enhances histone
acetylation, modulates the gene expression and
prevents cancer cell growth by blocking HDAC
activity.As shown by the sub-G1 population the
AITC compound was identified to cause the arrest
of the cell cycle at the G2/M phase which leads to
hindered cell proliferation and apoptosis*.

- Downregulates KDM8 and CCNAL particularly at
the G2/M phase, which inhibits cancer cell
proliferation causing cell cycle arrest and inhibits in
vitro and in vivo oral squamous cell carcinoma
growth*®,

- Interferes with epigenetic markers, such as
increase in H3K36me2, which suppresses the
oncogenic gene expression which enhances its
potential as a therapeutic agent*.

- By inhibiting pathways such as JAK-1/STAT-3 in
other cancers AITC has shown its anti-invasive and
anti-angiogenic properties indicating broader
anticancer potential®.

Current research status

AITC can prevent lung, breast, gastric, prostate,
and bladder cancer based on several preclinical
studies but this does not appear in the human pilot
trials conducted so far. Using PDTX models the
anticancer effects of allyl isothiocyanate (AITC) in
oral cancer has been confirmed.

Although AITC is an poisonous
organosulfur compound, both an irritant and toxic,
it contains therapeutic characteristics such as

irritant,

© 2025 European Society of Medicine 13



anticancer, antifungal, antibacterial and anti-
inflammatory properties

Despite its clinical efficacy the use in practice is
difficult due to its low aqueous solubility,
instability, and low bioavailability*’.

16. CELASTROL

Celastrol is a pentacyclic triterpenoid containing
various pharmacological properties which is
derived from the traditional Chinese medicine
Tripterygium wilfordif Hook F., which has multiple
pharmacological activities. Based on the data, the
anticancer activity of celastrol is due to its inhibitory
action on tumor cell proliferation, migration and
invasion which leads to apoptosis of the cell,
autophagy suppression,reduction of angiogenesis
and inhibition of tumor metastasis®.Celastrol has
been found to have therapeutic benefits on
vincristine multidrug-resistant oral cancer and to
cause the death of chemotherapy-resistant cancer
cells. JNK1/2 signalling pathway was The main
mechanism of cell apoptosis.

Mechanism of action:

To initiate the cell death in resistant cancer cells
celastrol activates the JNK1/2 pathway which
stimulates both mitochondrial and Fas-mediated
apoptotic pathways, leading to activation caspase
and cell death causing arrest of G2/M phase of the
cell cycle and ultimately inhibits proliferation®'.

According to a study, GamboicAcid and celastrol
combine together to boost apoptosis in OSCC
cells by blocking the NF-kB pathway. This shows
that GA and celastrol may be a good combination
for treatment of oral cancer.the mechanism
involves GA induced suppression of proliferation
and apoptosis In OSCC cells, it also causes the
activation of the NF-kB pathway which enhances
the resistance and survival of the cells.Celastrol
Blocks GA-induced NF-«kB activation and increase
the pro-apoptotic and anti-proliferative properties
of GA®2,

Current research status:

According to recent studies, in the treatment of
several cancers such as lung, liver, colorectal,
gastric, prostate, renal, breast, bone, brain, cervical,

ovarian cancers and haematological malignancies
celastrol demonstrates a wide range of anticancer
activities.

Due to its poor water solubility and extensive
metabolism Celastrol has low oral bioavailability.
The absorption of celastrol is markedly higher in
female rats than male. In animal studies formulation
techniques such as tablets, nanoliposomes, self-
microemulsifying drug delivery systems (SMEDDS),
and silk fibroin nanoparticles have been indicated
to significantly improve the oral absorption and
pharmacokinetic profile of celastrol.
developments imply that better delivery methods
can enhance the therapeutic potential of celastrol;
still additional pharmacokinetic studies using different
animal models are required to explain differences
in absorption and direct future drug development®,

17. SAFFRON
Saffron is derived from Crocus sativus L. flowers

These

and often referred to as “Red Gold” as it is the
most expensive spice in the world. The main
components are: crocin (derived by crocetin
esterification with sugars), crocetin, picrocrocin,
and safranal. . These components possess many
properties such as antioxidant, antigenotoxic,
antimutagenic, and tumoricidal®.

Mechanism of action:
Studies showed that the antitumor activity of
saffron is mainly attributed to

(i) Inhibition of synthesis of DNA and RNA,

(ii) Inhibition or suppression of cancer -cells
proliferation,

(iii) Apoptosis
(iv) Inhibition of metastasis and angiogenesis, and

(v) changes in the expression pattern of oncogenes
or tumor-suppressive genes 4.

Current research status:

A study by Sun J et al found that human tongue
squamous cell carcinoma cell line, Tca8113 cells,
when treated with crocin, decreased cell viability
and growth remarkably at 24, 48, 72, and 96 h, in
a concentration-dependent manner. It was also
seen that 0.4 mM crocin significantly induced both
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early and late apoptosis of Tca8113 cells and
significantly downregulated the cellular DNA and
RNA content®.

Crocin and safranal were found to significantly
inhibit the growth of (KB cell line)in a study by
Jabini et al. But they had less inhibitory effects on
the NIH 3T3 cell line. Crocin and safranal was seen
to cause apoptotic effects of tumour cells in the KB
cell line®s.

A study analysed effects of Crocin and Cisplatin
and their combination on SCC and fibroblast cell
lines. It was found that low doses of crocin in
combination with cisplatin, had toxic effects on
malignant cells and reduced the toxicity of cisplatin
in healthy tissue®’.

Cinnamon-saffron, nano cinnamon-saffron, and
doxorubicin were found to reduce the viability of
OSCC cells and increase the percentage of total
apoptotic cells and necrotic cell death compared
to the untreated group®:.

Future study implications:

Since saffron has been used with traditional anti-
cancer drugs, the future use of saffron looks quite
promising. Study of
chemotherapeutic drugs in clinical trials will go a
long way in effective treatment of oral cancer.

saffron with  other

18. GINGER

Ginger (Zingiber officinale Roscoe) is a common
and widely used spice in India and China since
ancient times. The health benefits of ginger are
mainly attributed to its phenolic compounds, such
as gingerols and shogaols®.

Mechanism of action:

Gingerol regulates basic processes involved in
carcinogenesis which includes influencing cell
proliferation, apoptosis and
metastasis. Pro-apoptotic genes are activated

angiogenesis,

which induce apoptosis and the NF-«kB signaling
pathway is inhibited which is associated with
inflammation, cell survival, and metastasis in many
cancers. Gingerol also reduces the levels of pro-
inflammatory cytokines such as TNF-a and IL-6,
tumor

which are often elevated in the

microenvironment and contribute to cancer
progression®,

Current research status:

6-gingerol was found to have significantly inhibited
oral cancer cell growth by inducing apoptosis and
cell cycle G2/M phase arrest. It was also seen in the
same study that gingerol induced the activation of
AMPK and suppressed the AKT/mTOR signaling
pathway which represses the growth of cancer cells®.

A study found that 6-Gingerol showed dose-
dependent cytotoxicity in an oral cancer cell line.
Also, it showed additive effects when combined
with chemotherapeutic drugs like wortmannin and
cisplatin®?. 6-shogaol was seen to suppress
proliferation of OSCC cells and also induce
apoptosis by regulating the apoptosis-associated
factors such as p53, Bax, Bcl-2, and cleaved
caspase-3 in an in vitro study. Additionally, 6-
shogaol treatment significantly was shown to
inhibit the PI3K/AKT signaling pathway®.

Future study implications:
Clinical trials are required to assess efficacy
compared to anti cancer drugs.

19. CINNAMON

Cinnamon is a traditional spice that comes from
dried bark grown especially in Sri Lanka. They have
various biological functions including antioxidant,
anti-microbial, anti-inflammation, antidiabetic and
anti-tumor activity®*. Aqueous cinnamon extract has
been tested in different studies to evaluate its
possible use as an anti-cancer compound®®.

Mechanism of action:

Anti-tumor effect of cinnamon extracts is by
inhibiting the activities NFkB and AP1 which are
seen to be the causes of tumour development and
progression in several cancers. Anti-cancer effect
of cinnamon extracts can also be attributed to
modulation of angiogenesis and effector function
of CD8+ T cells®.

Current research status

Burmannic acid, an apocarotenoid bioactive
compound derived from Indonesian cinnamon,
was found to selectively suppress oral cancer cell
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proliferation. Notably it showed little cytotoxicity
to normal oral cells®.

Cinnamomum zeylanicum extract (CZE) and its
bioactive compound cinnamaldehyde (CIN) was
shown to significantly inhibit the growth and
proliferation of oral cancer cells in a dose-
dependent manner and further induced apoptosis,
cell cycle arrest, and autophagy. A decreased
expression of various PI3k-AKT-mTOR pathways
related to VEGF, COX-2, Bcl-2, NF-kB, and
proteins post-treatment were also noted in the oral
cancer cells®.

Future study implications:
Clinical trials are required to assess efficacy
compared to anti cancer drugs.

20. RHEIN

Rhein is an anthraquinone compound that can be
found in the rhizome of rhubarb, a traditional
Chinese medicine herb. It has been shown to have
several properties including antibacterial, diuretic,
laxative, anti-inflammatory, and
properties®’.

antidiabetic

Mechanism of action:

Rhein acts by inducing apoptosis, initiating cell
cycle arrest and inhibiting tumour suppressor
genes®,

Current research status:

Rhein was seen to significantly inhibit oral cancer
cell growth by inducing apoptosis and S-phase cell
cycle arrest and also tumour cell migration and
invasion through the regulation of epithelial-
mesenchymal transition-related proteins. Reactive
oxygen species (ROS) accumulation was produced
by Rhein in oral cancer cells to inhibit the
AKT/mTOR signaling pathway®®.

Emodin, aloe emodin and rhein are active
constituents of the herb of Rheum palmatum L.The
effects of emodin, aloe emodin and rhein on oral
cancer cells (SCC-4 cells ) were studied together. It
was found that they induced DNA damage in SCC-
4 cells and the effects of emodin were stronger
than that of aloe emodin or rhein. Rhein and other
components caused inhibition of DNA repair-
associated gene expressions’™. In another study,

these components were seen to inhibit the protein
levels of tumor metastasis related proteins such as
matrix metalloproteinase-2 (MMP-2"1.Rhein was
seen to induce cell cycle arrest in S-phase through
the inhibition of p53, cyclin A and E. It was also
seen to produce reactive oxygen species (ROS) and
Ca2+ release, mitochondrial dysfunction, and
caspase-8, -9 and -3 activation in human tongue
cancer cell line (SCC-4) which induce endoplasmic
reticulum stress and cause apoptosis’.

Future study implications:

Rhein, emodin and aloe emodin have been found
to bring promising results in invitro studies. Clinical
trials are required to establish its use in oral cancer
treatment.

21. GINSENG

Ginseng is basically a root with stalks resembling a
human body with limbs. It has long been used by
ancient Chinese as traditional Chinese medicine.
The first documentation of this medicinal herb is
dated back to 206 BC".Botanically termed as
Panax, this herb derives its Chinese name Renshen
which means herb resembling human’®.Ginseng
contains various active components including
ginsenosides, polysaccharides, flavonoids, volatile
oils, amino acids, and vitamins. Of these active
components, ginsenosides and ginseng
polysaccharides appear to be responsible for the
anticancer effect”.

Mechanism of action :
Ginseng acts by the following mechanisms:

- Increasing the expression of Bak, Bad, and p53;

- Inducing apoptotic DNA fragmentation, G1, and
G2/M phase block;

- Activating Caspase-3;

- Inhibiting MMP-2;

- Decreasing VEGF expression; Src/Raf/ERK pathway;
- Removing ROS;

- Regulating EMT-related proteins;

- Regulating TGF-b
apoptosis™.

pathway-mitochondrial
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Current research status:

Ginsenoside Rd was studied in oral squamous
carcinoma cells and it was found that it improved
Reactive Oxygen Species (ROS) levels and caused
mitochondrial membrane potential alterations and
DNA damage, which resulted in apoptosis’.
Noncoding RNA H19 and miR-675-5p, a micro-
RNA from H19 promotes cancer cell growth and
metastasis of tongue cancer cells. It was seen that
Ginsenoside Rd inhibited tongue cancer cell
migration and invasion via the H19/miR-675-
5p/CDH1 axis™.20(S)-Ginsenoside Rh2 (G-Rh2),
one of the main active components of Panax
ginseng, was shown to significantly inhibit oral
cancer cell growth by inducing apoptosis and cell
cycle GO/G1-phase arrest. G-Rh2 was also seen to
inhibit oral cancer cell migration and invasion
through regulation of epithelial-mesenchymal
transition (EMT)-related proteins™.

Future study implications:
Human clinical trials are required to establish
ginseng as a treatment option.

Discussion

Oral cancer management has traditionally relied on
surgery, chemotherapy, and radiotherapy, which,
despite their efficacy, are often associated with
significant adverse effects and compromised
quality of life. Chemotherapy and radiotherapy may
cause adverse effects in the mouth because they
are unable to distinguish between cancer cells that
divide quickly and healthy cells that divide rapidly,
including those in the mouth or bone marrow?®°,

The balance between the body, mind, and spirit is
the main focus of the traditional Indian medical
system known as Ayurveda, which promotes a
holistic approach to health. In order to strengthen
the body's natural defences and boost the
patient's general well-being, the Ayurvedic
approach to cancer treatment uses herbal
formulations, revitalizing therapies, and supporting
activities®. Similar to this, Chinese herbal therapy
has emerged as a common adjuvant treatment for
cancer and has been demonstrated to improve

patients' immune systems, which in turn improves
the prognosis of the disease®.

Instead of using targeted treatments to eliminate
tumors or malignant cells, herbal medicines utilized
in Ayurvedic pharmaceuticals and therapeutic
methods try to correct metabolic inefficiency and
restore normal tissue functioning. A variety of
herbs are used to treat cancer either alone or in
combination. It has been noted that these
formulations can affect numerous organ systems at
once and function on different biochemical pathways.
When taken in cancer treatment, these herbs
promote complete healing and lessen side effects
and complications related to cancer treatment’.

This review identified 21 naturally derived
compounds that have demonstrated potential
anticancer activity against oral squamous cell
carcinoma in preclinical settings. Majority of these
compounds remain in the early stages of research,
with few progressing to clinical trials. The in vitro
and in vivo evidence results are promising.
Curcumin stands out as the most extensively
investigated medication, with ongoing clinical
evaluations and established safety profiles.

As mentioned earlier, various chemotherapeutics
cause adverse effects like cardiotoxicity, covering
almost all classes of traditional chemotherapy
drugs such as anthracyclines, platinum compounds
and 5-fluorouracil (5-FU) 8.In order to develop
effective strategies to maximize the efficacy and
minimize the adverse effects of cancer
chemotherapies, Mao et al. reviewed cancer and
complications.  They
proposed using a model to develop drugs or

medicines with increased efficacy against cancer

its treatment-related

and reduced side effects by focusing on their
common mechanisms and using appropriate
animal models. The authors state that targeting
common mechanisms like chronic inflammation,
oxidative stress or angiogenesis can help in
treating cancer as well as reducing cancer related
comorbidities®!.For example, Nuclear factor-kappa
B (NF-«B) has been found to be involved in
important features of cancer like increased
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proliferation, genetic and epigenetic alterations
and immune suppression. On the other hand,
suppression of NF-kB can help in chemotherapy -
induced cardiac inflammation. Hence a medication
acting on NF-«xB pathway can have a dual
action®.In our review, we found that curcumin,
celastrol, ginger and cinnamon
suppression of NF-«kB and hence can be used to
combat
chemotherapy related adverse effects.

works by

cancer as well as to minimize
Mao et al, also suggested using drug combinations
as a means to increase efficacy and reduce adverse
effects. Our review has noted that Juniperus
communis, quercetin, curcumin and saffron have
shown to have greater tumoricidal effects with
reduced toxicity to healthy tissues when used in
combination with traditional chemotherapeutic
drugs like 5 - FU, cisplatin, doxorubicin etc. Hence,
alternative medicines can be effectively used as an
adjunct treatment in oral cancer.

A key drawback noted in alternative medicines is
poor bioavailability as noted in studies done with
quercetin, curcumin, allyl isothiocyanate and
celastrol. Further studies are necessitated to
establish effective drug delivery systems which will
overall contribute to the success of the medicine
against oral cancer.

We can also note that many of these herbs being
studied are readily available so they would
probably be cost-effective with less adverse
effects. However, there is a general lack of
evidence regarding the extent of toxicity of these
drugs. Further there are not many details available
regarding the cost of developing the drug as well
as shelf life and mode of administration. There is
also insufficient clarity regarding standardization,
optimal dosing,
administration and safety profiles in humans.
Addressing these questions through robust clinical
trials is critical for regulatory approval and
mainstream clinical adoption.

pharmacokinetics, route of

Also, a notable gap in current literature is the
absence of interdisciplinary collaboration involving
alternative medicine practitioners. Integrating

these experts into research teams could facilitate
better case selection, individualized dosing, and
understanding of therapeutic windows of the
traditional medicines. This integration is essential
for transitioning these agents from bench to bedside
in a patient-centric, evidence-based manner.

In light of the data presented, this review raises
pertinent questions for future exploration:

e Can alternative medicines serve as primary
agents in targeted therapy, or are they best suited
as adjuncts?

e How can we optimize delivery and absorption
while maintaining safety?

Only further studies and clinical trials will be able
to answer these questions and integrate alternative
medicines as part of conventional therapy for oral
cancer.

Conclusion:

Oral squamous cell carcinoma (OSCC) remains a
pressing challenge, with conventional therapies
often constrained by adverse effects and treatment
resistance. This review highlights the emerging role
of alternative medicines as potential adjuncts or
standalone agents in the targeted management of
OSCC.

This review focused on 21 herbal medicines which
showed promising results in OSCC cell line studies
and animal models. While preclinical data are
encouraging, there are no clinical trials of these
medications except for curcumin. Also, there is lack
of literature on their safety profiles, bioavailability
and mode of administration. Despite these limitations,
the multi-targeted nature of these compounds
offers a compelling advantage over single-pathway
chemotherapeutics, especially when used in
integrative oncology. To transition from bench to
bedside, future research must emphasize clinical
validation, interdisciplinary collaboration, and
development of advanced drug delivery systems.

© 2025 European Society of Medicine 18



Alternative Medicine in Treatment of Oral Cancer: Insights and Advances

Conflict of Interest Statement: ORCID ID:
The authors have no conflicts of interest to declare. 1. Dr. Nevica Baruah: 0000-0001-9304-8545

Funding Statement:
None.

Acknowledgements:

None.

2. Dr. Anisha Yaji: 0000-0003-0198-3507
3. Dr. Smrithy Muraleedharan: 0009-0003-5388-7522
4. Bhavana Manjunath Bhat: 0009-0004-0384-0993

© 2025 European Society of Medicine 19



References:

1.Bray F, Laversanne M, Sung H, et al. Global
cancer statistics 2022: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers
in 185 countries. CA Cancer J Clin. 2024;74(3):229-
263. doi:10.3322/caac.21834.

2.Dee EC, Laversanne M, Bhoo-Pathy N, et al.
Cancer incidence and mortality estimates in 2022
in southeast Asia: a comparative analysis. Lancet
Oncol. 2025;26(4):516-528. doi:10.1016/S1470-
2045(25)00017-8

3.Mohamad |, Glaun MDE, Prabhash K, et al.
Current Treatment Strategies and Risk Stratification
for Oral Carcinoma. Am Soc Clin Oncol Educ Book.
2023;43:389810. doi:10.1200/EDBK_389810

4.Bendowska A, Baum E. The Significance of
Cooperation in Interdisciplinary Health Care Teams
as Perceived by Polish Medical Students. /nt J
Environ  Res  Public  Health. 2023;20(2).
doi:10.3390/ijerph20020954

5.Lisa A. Kisling; Regan A. Stiegmann. Alternative
Medlcine.; 2025.

6.Yin SY, Wei WC, Jian FY, Yang NS. Therapeutic
Applications of Herbal Medicines for Cancer
Patients. Evidence-Based Complementary and
Alternative Medicine. 2013;2013:1-15. doi:10.1155
/2013/302426

7.Ratha KK, Misra SR, Das R. Traditional ayurvedic
medicine as a therapeutic option in oral cancer: An
alternative medicine perspective. Oral Oncology
Reports. 2024;9:100207. doi:10.1016/j.00r.2024.100207

8. Patel SM, Nagulapalli Venkata KC, Bhattacharyya
P, Sethi G, Bishayee A. Potential of neem (Azadirachta
indica L.) for prevention and treatment of
oncologic diseases. Semin Cancer Biol. 2016;40-
41:100-115. doi:10.1016/j.semcancer.2016.03.002

9.Agrawal S, Bablani Popli D, Sircar K, Chowdhry
A. Areview of the anticancer activity of Azadirachta
indica (Neem) in oral cancer. J Oral Biol Craniofac
Res. 2020;10(2):206-209. doi:10.1016/j.jobcr.2020.04.007

10. Morris J, Gonzales CB, De La Chapa JJ, et al.
The Highly Pure Neem Leaf Extract, SCNE, Inhibits
Tumorigenesis in Oral Squamous Cell Carcinoma

via Disruption of Pro-tumor Inflammatory Cytokines
and Cell Signaling. Front Oncol 2019;9:890.
d0i:10.3389/fonc.2019.00890

11. Roberti di Sarsina P, Tassinari M. Integrative
approaches for health: Biomedical research,
ayurveda, and yoga. J Ayurveda Integr Med. 2015;
6(3):213-214.

12. Wongnoppavich A, Kanjana J, Sireeratawong
S. Triphala: The Thai traditional herbal formulation
for cancer treatment. Songklanakarin J Sci Technol.
2009;31(2):139-149.

13. Shin JA, Ryu MH, Kwon KH, Choi B, Cho SD.
Down-regulation of Akt by methanol extracts of
Impatiens balsamina L. promotes apoptosis in
human oral squamous cell carcinoma cell lines. J
Oral Pathol Med. 2015;44(6):420-428. doi:10.1111
/jop.12248

14. Rogovskii VS. The Therapeutic Potential of
Urolithin A for Cancer Treatment and Prevention.
Curr Cancer Drug Targets. 2022;22(9):717-724.
d0i:10.2174/1568009622666220602125343

15. Remadevi V, Jaikumar VS, Vini R, et al. Urolithin A,
induces apoptosis and autophagy crosstalk in Oral
Squamous Cell Carcinoma via mTOR /AKT/ERK1/2
pathway. Phytomedicine. 2024;130:155721. doi:10
.1016/j.phymed.2024.155721

16. Suresh Kumar D, Alex A, Neha B, R K, Vimal S.
Studies on In Vitro Antimicrobial, Anticancer, and
Anti-oxidative Inflammatory Response of Methanolic
Tuber Extracts Derived From Terminalia chebula.
Cureus. 2024,16(7):e63930. doi:10.7759/cureus.63930

17. Devi ST, Kshetrimayum V, Heisnam R, et al.
Investigating the impact of Terminalia chebula, an
underutilized functional fruit, on oral squamous cell
carcinoma: Exploring cell death mechanisms. J
Ethnopharmacol. 2025;344:119482. doi:10.1016/
j-jep.2025.119482

18. Bag A, Bhattacharyya SK, Chattopadhyay RR.
The development of Terminalia chebula Retz.
(Combretaceae) in clinical research. Asian Pac J
Trop Biomed. 2013;3(3):244-252. doi:10.1016/
$2221-1691(13)60059-3

© 2025 European Society of Medicine 20



Alternative Medicine in Treatment of Oral Cancer: Insights and Advances

19. ZhangH, Lv JL, Zheng QS, Li J. Active components
of Solanum nigrum and their antitumor effects: a
literature review. Front Oncol. 2023;13:1329957.
d0i:10.3389/fonc.2023.1329957

20. Uen WC, Lee BH, Shi YC, Wu SC, Tai CJ, Tai
CJ. Inhibition of aqueous extracts of Solanum
nigrum (AESN) on oral cancer through regulation
of mitochondrial fission. J 7radit Complement Med.
2018;8(1):220-225. doi:10.1016/j.jtcme.2017.05.011

21. Lomeli Martinez SM, Martinez Nieto M, Mercado
Gonzalez AE. Tongluo Jiedu as an adjuvant
therapy for oral cancer. World J Clin Cases. 2025;
13(5):97909. doi:10.12998/wjcc.v13.i5.97909

22. YinY, Yao VY, Li YJ, Zhao LL, Zhang Q. Effects
of Tongluo Jiedu prescription on immune function
and oxidative stress in patients with oral cancer.
World J Clin Cases. 2024;12(17):3045-3052.
doi:10.12998/wijcc.v12.i17.3045

23. Cheng CY, Hao WR, Liu JC, Cheng TH.
Advancing oral cancer care: Insights from Tongluo
Jiedu prescription. World J Clin Cases. 2024;12
(35):6764-6769. doi:10.12998/wjcc.v12.i35.6764

24. Huang XF, Chang KF, Lee SC, et al. Extract of
Juniperus indica Bertol/ Synergizes with Cisplatin to
Inhibit Oral Cancer Cell Growth via Repression of
Cell Cycle Progression and Activation of the
Caspase Cascade. Molecules. 2020;25(12):2746. Published
2020 Jun 13. d0i:10.3390/molecules25122746

25. Lee CC, Hsiao CY, Lee SC, et al. Suppression
of oral cancer by induction of cell cycle arrest and
apoptosis using Juniperus communis extract.
Biosci Rep. 2020;40(9):BSR20202083. doi:10.1042/
BSR20202083

26. Jung M, Han DJ, Ahn CH, et al. /n vitro
induction of mitotic catastrophe as a therapeutic
approach for oral cancer using the ethanolic extract
of Juniperus squamata. Oncol Rep. 2021;45(6):
103. doi:10.3892/0r.2021.8054

27. Sanghavi A, Srivatsa A, Adiga D, et al. Goji
berry (Lycium barbarum) inhibits the proliferation,
adhesion, and migration of oral cancer cells by
inhibiting the ERK, AKT, and CyclinD cell signaling
pathways: an in-vitro study. FI000ORes. 2022;11:

1563. Published 2022 Dec 22. doi:10.12688/f1000
research.129250.3

28. Peraza-Labrador A, Buitrago DM, Coy-Barrera
E, Perdomo-Lara SJ. Antiproliferative and Pro-
Apoptotic Effects of a Phenolic-Rich Extract from
Lycium barbarum Fruits on Human Papillomavirus
(HPV) 16-Positive Head Cancer Cell Lines. Molecules.
2022;27(11):3568. Published 2022 Jun 2. doi:10.33
90/molecules27113568

29. Motallebi M, Bhia M, Rajani HF, et al.
Naringenin: A potential flavonoid phytochemical
for cancer therapy. Life Sci. 2022;305:120752.
do0i:10.1016/}.1fs.2022.120752

30. Du Y, Lai J, Su J, et al. Naringenin-induced
Oral Cancer Cell Apoptosis Via ROS-mediated Bid
and Bcl-xl Signaling Pathway. Curr Cancer Drug
Targets. 2024;24(6):668-679. doi:10.2174/011568
0096267430231023091521

31. Liu JF, Chang TM, Chen PH, et al. Naringenin
induces endoplasmic reticulum stress-mediated
cell apoptosis and autophagy in human oral
squamous cell carcinoma cells. J Food Biochem.
2022;46(11):e14221. doi:10.1111/jfbc.14221.

32. Vincer B, Sindya J, Rajanathadurai J, Perumal
E. Exploring the Cytotoxic and Anticancer Potential
of Naringin on Oral Cancer Cell Line. Cureus.
2024;16(7):e64739. Published 2024 Jul 17. doi:10.
7759/cureus.64739.

33. Kawaguchi S, Kawahara K, Fujiwara Y, et al.
Naringenin  potentiates
against oral cancer by inducing lymph node
CD169-positive macrophage activation and cytotoxic
T cell infiltration. Cancer Immunol Immunother.
2022;71(9):2127-2139. doi:10.1007/500262-022-03149-w.

anti-tumor  immunity

34. Saadh MJ, Ahmed HH, Chandra M, et al.
Therapeutic effects of quercetin in oral cancer
therapy: a systematic review of preclinical evidence
focused on oxidative damage, apoptosis and anti-
metastasis. Cancer Cell Int. 2025;25(1):66. Published
2025 Feb 24. doi:10.1186/512935-025-03694-1.

35. Tubtimsri S, Chuenbarn T, Manmuan S.
Quercetin triggers cell apoptosis-associated ROS-
mediated cell death and induces S and G2/M-

© 2025 European Society of Medicine 21



Alternative Medicine in Treatment of Oral Cancer: Insights and Advances

phase cell cycle arrest in KON oral cancer cells.
BMC Complement Med Ther. 2025;25(1):34. Published
2025 Jan 30. doi:10.1186/s12906-025-04782-5.

36. Ma YS, Yao CN, Liu HC, et al. Quercetin
induced apoptosis of human oral cancer SAS cells
through mitochondria and endoplasmic reticulum
mediated signaling pathways. Oncol/ Lett. 2018;
15(6):9663-9672. doi:10.3892/01.2018.8584.

37. Sireesha D, Reddy BS, Reginald BA, Samatha
M, Kamal F. Effect of amygdalin on oral cancer cell
line: An /n vitro study. J Oral Maxillofac Pathol.
2019;23(1):104-107. doi:10.4103/jomfp.JOMFP_281 18.

38. Elmoghazy DI, El-Bolok A, Sholgamy M. The
harmonious inhibitory effect of natural drug
amygdalin (Vitamin B17) and chemotherapy
(cisplatin) on oral squamous cell carcinoma cell line.
Egypt Dent J. 2023;69(1):217-228. do0i:10.21608/
edj.2022.166632.2283

39. Luke AM, Kuriadom ST, Shetty KP, Ingagou
MS. Amygdalin extracts from almonds and apricots
as anticancer agents in human oral carcinoma—an
in vitro investigation. J Baghdad Coll Dent. 2025;
37(1):1-3. doi:10.26477/jbcd.v37i1.3901.

40. Prasadani M, Bogahawaththa S, llleperuma RP,
Kodithuwakku SP. Leaf Extract of Osbeckia
octandra L. (Heen Bovitiya) Suppresses Human
Oral Squamous Cell Carcinoma Cells Migration
and Induces Cellular DNA Damage. Journal of Oral
and Maxillofacial Surgery Medicine and Pathology.
2020;33(2):215-220. doi:10.1016/j.ajoms.2020.09.003

41. Kim JY, Kim J, Bandara BMR, Tilakaratne WM,
Kim D. Leaf extract of Osbeckia octandra induces
apoptosis in oral squamous cell carcinoma cells.
BMC Complement Med Ther. 2022;22(1):20. Published
2022 Jan 25. doi:10.1186/512906-022-03505-4.

42. Singh AK, Sharma NK, Mishra N, et al. Effects
of curcumin on oral cancer at molecular level: A
systematic review. Nat! J Maxillofac Surg. 2023;14
(1):9-15. doi:10.4103/njms.njms_29_22

43. Lao CD, Ruffin MT 4th, Normolle D, et al. Dose
escalation of a curcuminoid formulation. BMC
Complement Altern Med. 2006;6:10. Published
2006 Mar 17. d0i:10.1186/1472-6882-6-10

44. Fan X, Zhang C, Liu DB, Yan J, Liang HP. The
clinical applications of curcumin: current state and
the future. Curr Pharm Des. 2013;19(11):2011-2031.

45. Memarzia A, Khazdair MR, Behrouz S, et al.
Experimental and reports on anti-
inflammatory, antioxidant, and immunomodulatory
effects of Curcuma longa and curcumin, an
updated and comprehensive review. Biofactors.
2021;47(3):311-350. doi:10.1002/biof.1716

clinical

46. Basak SK, Bera A, Yoon AJ, et al. A
randomized, phase 1, placebo-controlled trial of
APG-157 in oral cancer demonstrates systemic
absorption and an inhibitory effect on cytokines
and tumor-associated microbes. Cancer. 2020;
126(8):1668-1682. d0i:10.1002/cncr.32644.

47. Tarar A, Peng S, Cheema S, Peng CA.
Anticancer Activity, Mechanism, and Delivery of
Allyl Isothiocyanate. Bioengineering (Basel). 2022;
9(9):470. Published 2022 Sep 14. doi:10.3390/
bioengineering9090470.

48. Hsieh CC, Yang CY, Peng B, et al. Allyl
Isothiocyanate Suppresses the Proliferation in Oral
Squamous Cell Carcinoma via Mediating the
KDM8/CCNAL Axis. Biomedicines. 2023;11(10):
2669. Published 2023 Sep 29. doi:10.3390/
biomedicines11102669.

49. Rajakumar T, Pugalendhi P. Allyl isothiocyanate
inhibits invasion and angiogenesis in breast cancer
via EGFR-mediated JAK-1/STAT-3 signaling pathway.
Amino Acids. 2023;55(8):981-992. doi:10.1007/s00
726-023-03285-2.

50. Wang C, Dai S, Zhao X, et al. Celastrol as an
emerging anticancer agent: Current status, challenges
and therapeutic strategies. Biomed Pharmacother.
2023;163:114882. doi:10.1016/j.biopha.2023.114882.

51. Lin FZ, Wang SC, Hsi YT, et al. Celastrol
induces vincristine multidrug resistance oral cancer
cell apoptosis by targeting JNK1/2 signaling pathway.
Phytomedicine. 2019;54:1-8. doi:10.1016/j.phyme
d.2018.09.181.

52. He D, Xu Q, Yan M, et al. The NF-kappa B
inhibitor, celastrol, could enhance the anti-cancer
effect of gambogic acid on oral squamous cell

© 2025 European Society of Medicine 22



Alternative Medicine in Treatment of Oral Cancer: Insights and Advances

carcinoma. BMC Cancer. 2009;9:343. Published
2009 Sep 25. doi:10.1186/1471-2407-9-343

53. Mir TUG, Wani AK, Singh J, Shukla S.
Therapeutic application and toxicity associated
with Crocus sativus (saffron) and its phytochemicals.
Pharmacological Research - Modern Chinese
Medlicine. 2022;4:100136. doi:10.1016/j.prmcm.
2022.100136

54. Lambrianidou A, Koutsougianni F, Papapostolou
I, Dimas K. Recent Advances on the Anticancer
Properties of Saffron (Crocus sativus L.) and Its
Major Constituents. Molecules. 2020;26(1):86. Published
2020 Dec 27. doi:10.3390/molecules26010086.

55. Sun J, Xu XM, Ni CZ, et al. Crocin inhibits
proliferation and nucleic acid synthesis and induces
apoptosis in the human tongue squamous cell
carcinoma cell line Tca8113. Asian Pac J Cancer
Prev. 2011;12(10):2679-2683.

56. Jabini R, Ehtesham-Gharaee M, Dalirsani Z,
Mosaffa F, Delavarian Z, Behravan J. Evaluation of
the Cytotoxic Activity of Crocin and Safranal,
Constituents of Saffron, in Oral Squamous Cell
Carcinoma (KB Cell Line). Nutr Cancer. 2017;69(6):
911-919. doi:10.1080/01635581.2017.1339816.

57. Bijani F, Zabihi E, Bijani A, Nouri HR,
Nafarzadeh S, Seyedmajidi M. Evaluation of
apoptotic effect of crocin, cisplatin, and their
combination in human oral squamous cell
carcinoma cell line HN5. Dent Res J (Isfahan).
2021;18:70. Published 2021 Aug 18.

58. Hassan PHA, Elshamy IS, Azmaa NEEA.
Anticancer effect of combined cinnamon-saffron
versus its nanoparticles on oral squamous cell
carcinoma cell line. T7anta Dental Journal.
2024;21(2):229-236. doi:10.4103/tdj.tdj_1_24

59. Mao QQ, Xu XY, Cao SY, et al. Bioactive
Compounds and Bioactivities of Ginger (Zingiber
officinale Roscoe). Foods. 2019;8(6):185. Published
2019 May 30. d0i:10.3390/foods8060185.

60. Noor JJ, Sindhu R, Jothi AB, et al. Modulatory
Effects of Gingerol in Cancer Cell Growth Through
Activation and Suppression of Signal Pathways in
Cancer Cell Growth Systemic Review. J Pharm

Bioallied Sci. 2024;16(Suppl
do0i:10.4103/jpbs.jpbs_1001_24

5):S4314-S4319.

61. Zzhang H, Kim E, Yi J, et al. [6]-Gingerol
Suppresses Oral Cancer Cell Growth by Inducing
the Activation of AMPK and Suppressing the
AKT/mTOR Signaling Pathway. /n Vivo. 2021;35
(6):3193-3201. d0i:10.21873/invivo.12614.

62. Kapoor V, Aggarwal S, Das SN. 6-Gingerol
Mediates its Anti Tumor Activities in Human Oral
and Cervical Cancer Cell Lines through Apoptosis
and Cell Cycle Arrest. Phytother Res. 2016;30
(4):588-595. d0i:10.1002/ptr.5561

63. Huang H, Kim MO, Kim KR. Anticancer effects
of 6-shogaol via the AKT signaling pathway in oral
squamous cell carcinoma. J Appl Oral Sci. 2021,
29:€20210209. Published 2021 Oct 11. doi:10.15
90/1678-7757-2021-0209.

64. Kwon HK, Hwang JS, So JS, et al. Cinnamon
extract induces tumor cell death through inhibition
of NFkappaB and APl [published -correction
appears in BMC Cancer. 2019 Nov 14;19(1):1113.
doi: 10.1186/s12885-019-6342-5.]. BMC Cancer.
2010;10:392. Published 2010 Jul 24. doi:10.1186/
1471-2407-10-392.

65. Caserta S, Genovese C, Cicero N, Gangemi S,
Allegra A. The Anti-Cancer Effect of Cinnamon
Aqueous Extract: A Focus on Hematological
Malignancies. Life (Basel. 2023;13(5):1176.
Published 2023 May 12. doi:10.3390/Iife13051176.

66. Aggarwal S, Bhadana K, Singh B, et al.
Cinnamomum zeylanicum Extract and its Bioactive
Component Cinnamaldehyde Show Anti-Tumor
Effects via Inhibition of Multiple Cellular Pathways.
Front Pharmacol. 2022;13:918479. Published 2022
Jun 2. doi:10.3389/fphar.2022.918479

67. Jiang L, Huang Q, Shi Z, Yang Y. Bibliometric
analysis of rhein in the treatment of tumors. Front
Oncol. 2025;15:1550016. Published 2025 Feb 6.
doi:10.3389/fonc.2025.1550016.

68. FuY, Yang L, Liu L, et al. Rhein: An Updated
Review Concerning Its Biological Activity,
Pharmacokinetics, Structure Optimization, and
Future Pharmaceutical Applications. Pharmaceuticals

© 2025 European Society of Medicine 23



Alternative Medicine in Treatment of Oral Cancer: Insights and Advances

(Basel). 2024;17(12):1665. Published 2024 Dec 10.
d0i:10.3390/ph17121665.

69. Zhang H, MaL, Kim E, et al. Rhein Induces Oral
Cancer Cell Apoptosis and ROS via Suppresse
AKT/mTOR Signaling Pathway In Vitro and In Vivo.
Int J Mol Sci. 2023;24(10):8507. Published 2023
May 9. doi:10.3390/ijms24108507.

70. Chen YY, Chiang SY, Lin JG, et al. Emodin,
aloe-emodin and rhein induced DNA damage and
inhibited DNA repair gene expression in SCC-4
human tongue cancer cells. Anticancer Res. 2010;
30(3):945-951.

71. Chen YY, Chiang SY, Lin JG, et al. Emodin,
aloe-emodin and rhein inhibit migration and
invasion in human tongue cancer SCC-4 cells
through the inhibition of gene expression of matrix
metalloproteinase-9. /nt J Oncol. 2010;36(5):1113-
1120. doi:10.3892/ijo_00000593.

72. Lai WW, Yang JS, Lai KC, et al. Rhein induced
apoptosis through the endoplasmic reticulum
stress, caspase- and mitochondria-dependent
pathways in SCC-4 human tongue squamous
cancer cells. /n Vivo. 2009;23(2):309-316.

73. Lee SM, Bae BS, Park HW, et al.
Characterization of Korean Red Ginseng (Panax
ginseng Meyer): History, preparation method, and
chemical composition. J Ginseng Res. 2015;39
(4):384-391. doi:10.1016/].jgr.2015.04.009.

74. Shi J, Tian J, Zhang X, et al. A combination
extract of Renshen (Panax Ginseng), Yinyanghuo
(Herba Epimedii Brevicornus), Yuanzhi (Radix
Palygalae) and Jianghuang (Rhizoma Curcumae
Longae) decreases glycogen synthase kinase 3beta
expression in brain cortex of APPV7171 transgenic
mice. J Tradit Chin Med. 2013;33(2):211-217.
d0i:10.1016/s0254-6272(13)60127-2

75. Chen S, Wang Z, Huang Y, et al. Ginseng and
anticancer drug combination to improve cancer
chemotherapy: a critical review. Evid Based
Complement Alternat Med. 2014;2014:168940.
doi:10.1155/2014/168940.

76. Peng Y, Pan W, Cao X, Liu C. Potential Oral
Health Benefits of Ginseng and Its Extracts. /nt

Dent J. 2023;73(4):473-480. do0i:10.1016/j.ident;.
2023.02.004.

77. AnL,YuY, Hel, Xiao X, Li P. Ginsenoside Rb1
Deters Cell Proliferation, Induces Apoptosis,
Alleviates Oxidative Stress, and Antimetastasis in
Oral Squamous Carcinoma Cells. App/ Biochem
Biotechnol. 2024;196(11):7642-7656. doi:10.1007/
$12010-024-04880-z.

78. Chang L, Wang D, Kan S, et al. Ginsenoside
Rd inhibits migration and invasion of tongue cancer
cells through H19/miR-675-5p/CDH1 axis. J App/
Oral Sci. 2022;30:€20220144. Published 2022 Sep
2. doi:10.1590/1678-7757-2022-0144.

79. Zhang H, Yi J, Kim E, et al. 20(S)-Ginsenoside
Rh2 Suppresses Oral Cancer Cell Growth by
Inhibiting the Src-Raf-ERK Signaling Pathway.
Anticancer Res. 2021;41(1):227-235. doi:10.21873/
anticanres.14769.

80. Volpato LE, Silva TC, Oliveira TM, Sakai VT,
Machado MA. Radiation therapy and chemotherapy-
induced oral mucositis. Braz J Otorhinolaryngol.
2007;73(4):562-568. doi:10.1016/51808-8694(15)30110-5

81. Mao X, Wu S, Huang D, Li C. Complications
and comorbidities associated with antineoplastic
chemotherapy: Rethinking drug design and
delivery for anticancer therapy. Acta Pharm Sin B.
2024;14(7):2901-2926. doi:10.1016/j.apsb.2024.03.006

82. Huang YC, Sung MY, Lin TK, Kuo CY, Hsu YC.
Chinese herbal medicine compound of flavonoids
adjunctive treatment for oral cancer. J Formos Med
Assoc. 2024;123(8):830-836. doi:10.1016/j.jfma.
2023.10.0009.

83. K JR, Singh OP, Parveen R. The Role of Herbal
Medicines and Ayurveda in Cancer Treatment: A
Comprehensive review. /[nternational Journal of
Science and Healthcare Research. 2024,9(3):325-
331. doi:10.52403/ijshr.20240339

84. Yarmohammadi F, Karbasforooshan H, Hayes
AW, Karimi G. Inflammation suppression in
doxorubicin-induced cardiotoxicity:
compounds as therapeutic options. Naunyn
Schmiedebergs Arch Pharmacol. 2021;394(10):
2003-2011. doi:10.1007/s00210-021-02132-2z

natural

© 2025 European Society of Medicine 24



