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Abstract:
Cancers are characterized by rapid development of abnormal cells that multiply
uncontrollably, leading to invasive tumors. By 2040, new cancer cases worldwide are
expected to reach 30.2 million. In response, research focuses on the anti-cancer properties of
ashwagandha (Withania somnifera), used in traditional Indian medicine. Ashwagandha
exhibits anti-inflammatory effects by modulating pathways like NF-kB, Nrf2/HO-1, JAK-
STAT, MAPK, and NLRP3, reducing cancer-related inflammation. It also has strong
antioxidant properties due to compounds like withanolides, increasing antioxidant enzyme
activity and reducing oxidative stress, potentially lowering cancer risk. Ashwagandha extract
shows cytotoxic effects against cancer cells, inducing apoptosis and arresting cells in the
resting phase, leading to DNA damage in cancer cells. It inhibits angiogenesis, the process of
forming new blood vessels that supply tumors, through mechanisms such as VEGF inhibition
and reduced macrophage infiltration. Additionally, ashwagandha modulates T lymphocytes
and cytokine production, enhancing the immune response against cancer, and stimulates NK
cell activity, crucial for controlling tumor growth and development. Supplementation with
ashwagandha reduces cortisol levels and improves cognitive functions and quality of life in
people experiencing stress, potentially lowering cancer risk. Research suggests ashwagandha
may be a valuable addition to anti-cancer therapy, acting on various levels of cancer
pathogenesis. However, further clinical studies are needed to fully understand its mechanisms
of action and to evaluate its efficacy and safety in cancer treatment.

Key points:
1. This article examines various aspects of ashwagandha's potential anticancer effects,

highlighting its ability to inhibit tumor growth.
2. Ashwagandha has shown the ability to modulate the immune system by affecting T

lymphocytes, NK cells and cytokine production. Stimulation of this system can affect
the body's defensive effectiveness against cancer cells.

3. The work highlights the potential effect of ashwagandha on stress reduction, which is
important in the context of cancer risk and progression.

4. Ashwagandha shows the ability to regulate the process of apoptosis, which can lead to
the elimination of cancer cells. In addition, this plant inhibits the process of
angiogenesis, which is crucial in controlling the growth of cancerous tumors.
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5. Ashwagandha has strong antioxidant properties, which contributes to the reduction of
oxidative stress and potentially reduces the risk of cancer development.

Introduction
Cancer is a term used to describe a variety of diseases that are characterized by the rapid
development of abnormal cells that multiply uncontrollably. These abnormal cells usually
disturb the balance between cell proliferation and cell death, resulting in benign tumors. These
tumors then develop invasive features, which can lead to further progression of the disease.
According to the International Agency for Research on Cancer (IARC) report, there will be
30.2 million new cancer cases worldwide by 2040, up from 19.3 million in 2020.1

The search for a cancer treatment with high efficacy, minimal side effects, and safety is a
subject of extensive research. This is difficult, due to the heterogeneity of cancer cells and
their interactions.2 The researchers noted the existence of many natural methods and plant
sources with beneficial anti-cancer properties.
One of these is ashwagandha, also known as Withania somnifera (WS), "Indian winter
cherry" or "Indian ginseng".3 It's a plant in the Solanaceae family and is commonly used in
Ayurveda, India's system of traditional medicine.4 It is naturally native to India, but is also
cultivated in other areas.5 Its history of use in traditional Indian medicine dates back nearly
3,000 years.6 It has been valued for centuries for its adaptogenic properties, which help the
body cope with stress and maintain homeostasis. In addition, the activities shown in Table 1.
The initial experimental evidence in 1967 demonstrated that the root extract of Withania
somnifera decreased the incidence of cancer in vivo, focusing the attention and interest of WS
and leading researchers to investigate its anticancer activity and therapeutic potential.7

This article aims to review the current literature on the effects of Ashwagandha, with a
particular focus on its potential anticancer benefits.

Anti-inflammatory capacity
Chronic inflammation triggers uncontrolled immune response and can lead to
deoxyribonucleic acid(DNA)-damaging mutations by reactive oxygen species, nitrogen and
other free radicals, which initiate cancer formation. In addition, the inflammatory response
leads to the spread of cancer, its growth and resistance to drugs.8

It is known that anti-inflammatory drugs have a beneficial effect on cancer treatment, but their
effect is limited by the side effects they cause.9

This is the reason why researchers began to look for other alternatives for treating
inflammation that causes tumorigenesis. Withania somnifera has piqued the curiosity of
researchers. It has the effect of modulating signaling pathways: nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-kB), and nuclear factor erythroid 2-related factor
2/heme oxygenase-1 (Nrf2/HO-1), Janus Kinase - Signal Transducer and Activator of
Transcription (JAK-STAT), mitogen-activated protein kinases (MAPK) and NOD-like
Receptor Family, Pyrin Domain-Containing 3 (NLRP3) reducing tumor-associated
inflammation.10

Heba MA Khalil et al. in a study in rats describe the effects of Ashwagandha on NF-kB and
Nrf2/HO-1 pathways.11 Vanisree Mulabagal et al. examined the modulation of NF-kB and
cyclooxygenase pathways.12



4

Ravikumar Aalinkeel et al. described effects on the JAK-STAT pathway, and Abudubari
Sikandan et al. on the MAPK and NF-κB pathways.13

Yangliu Xia et al. describe that vitapherin A contained in Ashwandhda acts on the NLRP3
pathway.14 Researchers find Ashwagandha's anti-inflammatory effects in cancer to be an
intriguing topic that requires further development and extensive testing in the future.

Antioxidant activity
Ashwagandha has strong antioxidant properties due to the main bioactive molecules15, 16

contained in withania, namely withanosides, deoxywithastramonolide, withanolide A and
withaferin A , that express strong antioxidant activity.17 The root extract shows stronger
antioxidant activity than the leaf extract.16

The antioxidant effect was tested on the HepG2 cancer line, there was a statistically
significant increase in antioxidative activity, with an increase in the antioxidant enzymes
glutathione reductase and glutathione S-transferase.18

In the shrimp study, a marked increase in the antioxidant enzymes superoxide dismutase,
catalase and glutathione peroxidase was noted, as well as an increase in the messenger
ribonucleic acid (mRNA) expression of the genes responsible for the formation of these
enzymes, i.e. cytoplasmic manganese superoxide dismutase (cMN-SOD), catalase (CAT) and
glutathione peroxidase (GPx) genes, respectively. At the same time, there was a decrease in
malondialdehyde, which is a marker of lipid peroxidation (oxidative stress).19
Ashwagandha has also been found to have antioxidant effects in humans.20 It causes an
increase in superoxide dismutase levels with a decrease in malondialdehyde compared to the
placebo group. The antioxidant effect is very beneficial because it may reduce the risk of
cancer and may have effect of reducing the effects of cellular aging.21

Regulation of apoptosis
Withania extract shows a strong cytotoxic effect against HepG2 cells, causing an
accumulation of dead tumor cells relative to the control group. There was a significant
increase in proapoptotic caspase 3, caspase 8 and caspase 9. In addition, it is suspected that it
may arrest the cell in the resting phase by inhibiting cyclin D1, thus expressing an anti-
proliferative effect.18

In addition, there may be an increase in the proapoptotic protein Bax, with a concomitant
decrease in the anti-apoptotic Bcl-2. Eventually, activation of the caspase system leads to
activation of caspase 3 and Poly(ADP-ribose) Polymerase (PARP), resulting in DNA damage
to the cell.22, 23 Cytotoxicity against lung and breast cancer cells, and to a lesser extent against
gastric adenocarcinoma and colorectal cancer, has also been documented. In contrast,
cytotoxicity against healthy cells is minimal.15

Inhibition of angiogenesis
Vascular endothelial growth factor (VEGF) is a mediator in the process of angiogenesis which
in cancer creates new blood vessels feeding the tumor.24

Several mechanisms have been detected by which vitapherin A (WA) stops the process of
excessive tumor angiogenesis by inhibiting VEGF function.25
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One of these is the inhibitory effect of Sp1 (a transcription factor) binding to the VEGF
promoter, as described by Prasanna Kumar S. et al.26

In addition, an effect on reducing macrophage infiltration and protein tyrosine kinase-2
expression has been demonstrated,27 as well as WA's ability to bind to VEGF and inhibit its
function.28
Ran Gao et al. investigated that WA, by directly interacting with the heterogeneous nuclear
ribonucleoprotein K (hnRNP) rest domain, disrupts the binding between hnRNP-k and single-
stranded DNA (ssDNA). This leads to blockage of hnRNP-k function and inhibition of VEGF
expression.29

Royce Mohan et al. investigated that Ashwaghanda also has anti-angiogenic effects in vivo.30

Anand Setty Balakrishnan et al. described that administration of Withania somnifera extract
attenuates the expression of interleukin-8 and cyclooxygenase-2 (COX-2), thereby inhibiting
angiogenesis and thus the spread and growth of the tumor in a study.31
The use of anticancer therapy focused on blocking angiogenesis results in a reduction in
metastasis formation and tumor cell growth.22

In light of the anti-angiogenic mechanisms involved in vitapherin A, there is justification for
continuing research into its efficacy and considering its potential use in oncological treatment.

Effects of ashwaganda on the immune system
In recent years, there has been increasing interest in researching the effects of ashwaganda on
the development and progression of cancer. One of the key aspects is its ability to modulate
the immune system.

T-lymphocyte modulation and cytokine production
T lymphocytes play a key role in anti-tumor immunity by recognizing, destroying and
controlling cancer cells. Their activation and function are essential for the effective
elimination of tumors and the maintenance of immune control of disease progression.32

Numerous studies have suggested that ashwagandha may affect the population of T
lymphocytes, including cluster of differentiation 4 positive (CD4+) and cluster of
differentiation 8 positive (CD8+) T cells, which may contribute to enhancing the immune
response against cancer. T lymphocytes play an important role as mediators of cellular
cytotoxicity and regulate immune responses through the secretion of cytokines.33

Cytokines play a key role in intercellular communication in the immune system.
Ashwagandha shows the ability to modulate the production of cytokines such as interferons,
interleukins and tumor necrosis factor (TNF). These substances regulate immune responses,
and their balance is important in the context of fighting cancer.34

NK cell activation and gene expression
Natural killer (NK) cells are an important component of the anti-tumor immune response,
acting both by directly destroying tumor cells and by regulating other immune cells. Their
activation and function are crucial for the effective control of tumor growth and
development.35 Analyses of scientific studies, conducted mainly on animals by a number of
scientific teams in recent years, indicate that the vitamin A contained in ashwaganda
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stimulates the activation of NK cells, thereby enhancing the anti-tumor, inhibitory and anti-
progression effects of, for example, prostate tumors,36 breast cancer,37 and ovarian cancer.38

Studies suggest that ashwagandha may regulate the expression of genes related to immune
system function. Their modulation may affect various aspects of the immune response in the
context of cancer.39
From research to date, the potential use of ashwagandha as an adjunctive therapy for cancer
treatment by stimulating the immune system and improving the body's response to cancer
cells is apparent. However, further research is needed to better understand ashwaganda's
mechanisms of action and its effectiveness in cancer therapy.
A summary of ashwagandha's anti-cancer mechanisms is included in Figure 1.

Impact of stress on cancer
Stressful situations have been proven to be significantly associated with a high risk of
cancer.40 Stress affects tumorigenesis through activation of the hypothalamic-pituitary-adrenal
(HPA) axis, deregulation of sympathetic nerve signaling (SNS), inflammation and decreased
cellular immunity.41
The HPA and SNS axis play an important role in all stages of cancer - initiation, growth and
progression.42 Under stressful conditions, the HPA axis is activated, adrenocorticotropic
hormone is released, stimulating the adrenal glands to release catecholamines (CAT). The
SNS axis stimulates the release of norepinephrine in the bloodstream.43 Also cortisol is
involved in tumor growth and metastasis formation.41
Under severe stress, CATs activate β-adrenergic receptors on tumor cells, increasing the
expression of matrix metalloproteinases and VEGF in adipose tissue, which is responsible for
the formation of new blood vessels.42 They enhance cancer cell proliferation and prevent
apoptosis. They influence the induction of DNA damage and regulation of gene expression by
the β-adrenergic receptors/cyclic adenosine monophosphate/protein kinase A (β-
ADR/cAMP/PKA) signaling cascade.44

Excess CAT inhibits the activity of macrophages, helper T cells and NK cells, which is
responsible for the suppression of cellular immunity.41
Alex B. Speers and colleagues published a meta-analysis in 2021 on the effects of
ashwaganda on stress and neuropsychiatric disorders. Supplementation led to significant
reductions of serum cortisol levels, as well as improved scores on questionnaires assessing
stress, depression and anxiety.45

A team of researchers led by A. Remenapp confirmed that 30 days of Ashwagandha
supplementation resulted in improvement in cognitive abilities, reduction in feelings of
stress/anxiety, depressive disorders, eating cravings and cortisol levels compared to the
placebo group. Moreover, they noted that Central Nervous System (CNS) vital signs such as
cognitive flexibility, visual memory, reaction time, psychomotor speed and executive
functioning also improved.46

Muhammed Majeed et al. in 2023 published the results of their randomized, double-blind,
placebo-controlled study, in which they proved that Ashwagandha root extract (ARE-500 mg)
standardized to 2.5% vitanolides can effectively reduce stress levels and reduce anxiety in
people experiencing mild to moderate stress. This occurs by decreasing cortisol levels and
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increasing serotonin levels. The formula also improves cognitive function and the subjects'
quality of life.47

The results of the presented study suggest that Ashwagangha positively affects CNS function
and reduces stress, which is important in the onset and progression of cancer.
Further research into the effects of Ashwagandha on the course of carcinogenesis can
undoubtedly contribute to better control of the molecular mechanisms responsible for cancer
development. This will possibly contribute to the development of new methods of anticancer
prevention and the development of more effective therapies.

Conclusions
Cancer is a huge health challenge worldwide, and future projections suggest an increasing
number of cases. In response to the need for effective and safe cancer treatments, researchers
have turned their attention to the potential anticancer properties of ashwagandha. Analyzing
various aspects of ashwagandha's effects, a number of promising results are visible. The plant
exhibits anti-inflammatory effects by modulating inflammation-related signaling pathways,
which may be important in fighting cancer. In addition, ashwagandha has strong antioxidant
properties, which contributes to the reduction of oxidative stress and may reduce the risk of
cancer development.
Studies also indicate ashwagandha's potential to regulate the process of apoptosis, which can
lead to the elimination of cancer cells. In addition, the plant has shown the ability to inhibit
angiogenesis, which is an important factor in controlling the growth of cancerous tumors and
reducing their metastasis. Another important aspect is ashwagandha's effect on the immune
system, including modulation of T lymphocytes, activation of NK cells and regulation of
cytokine production. Stimulation of the immune system may increase the body's defensive
effectiveness against cancer cells. In addition, ashwagandha shows potential in reducing stress,
which has been linked to cancer risk and progression. Research indicates that ashwagandha
may enhance cognitive function and improve quality of life for individuals experiencing stress.
The results of studies to date suggest that ashwagandha may be a valuable addition to the anti-
cancer therapy, acting at different levels of cancer pathogenesis. However, further clinical
studies are needed to better understand the mechanisms of action of this plant and to evaluate
its efficacy and safety in cancer treatment.
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