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The high incidence of NMSC (non-melanoma skin cancer) and the side effects of the available treatments
disrupt the quality of life in more than one way. Particularly in the later stages, pain management and
palliative care is the sole mean of alleviating the agony, all this warrants the need for alternative strategies
with enhanced efficacy, better tolerance, and wide safety margins. Therefore, herbs in NMSC prevention
and intervention are engaging due to their accessibility, efficacy, cost-effectiveness, and tolerated nature.
Various components in the crude extracts follow 'Pharmacodynamic synergy', augment the beneficial
effects of the active constituents, and reduce the likelihood of drug resistance. The extracts/active
constituents of Azadirachta indica, Catharanthus roseus, Ocimum sanctum, Phyllanthus emblica, Santalum
album, Tinospora cordifolia, and Withania somnifera demonstrated the anti-cancerous effect on distinct
cancerous cells and animal models. Nonetheless, there is a lack of in vivo investigations validating its
chemopreventive efficacy in experimental models of skin carcinogenesis. Therefore, the current review
suggests the scientific community emphasize the extensive research on these herbs to obtain an efficacious
drug as well as the people around the globe incorporate these herbs in their daily dietary habits/meals to
obtain maximum benefit from these herbs.
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DMBA: 7,12-dimethyl Benz(a)anthracene

DTD: D-Tyr-tRNATyr deacylase

ECM: Extracellular matrix

EDC: Electrodesiccation and curettage

EMT: Epithelial-mesenchymal transformation

ERBB4: Erb-b2 receptor tyrosine kinase 4

FBXW?7: F-Box and WD repeat domain containing 7

GAGs: Glycosaminoglycans

Gli1/Gli: GLI family zinc finger 1/GLI family zinc finger 2

GPX: Glutathione peroxidase

GR: Glutathione reductase

GRIN2A: Glutamate receptor ionotropic NMDA type subunit 2A

GRM3: Glutamate metabotropic receptor 3

GRM8: Glutamate metabotropic receptor 8

GSH: Glutathione

Ha-ras/ Ki-ras: Harvey ras/Kirsten ras

IDH1: Isocitrate Dehydrogenase 1

JAK-STAT: Janus kinase/signal
transcription

KEAP1: Kelch-like ECH associated protein 1

KIT: KIT proto-oncogene, receptor tyrosine kinase

KNSTRN: Kinetochore localized astrin (SPAG5) binding protein

LDH: Lactate dehydrogenase

LPO: Lipid peroxidation

MAPK1/2: Mitogen activated protein kinase 1/2

MSC: Melanoma skin cancer

mTOR: Mammalian target of rapamycin

NF-kB: Nuclear factor kappa light chain enhancer of B cells

NMSC: Non-melanoma skin cancer

NRAS/N-ras: Neuroblastoma RAS viral oncogene homolog

ODC: Ornithine decarboxylase

PN: Peroxynitrite

POC: People of color

transducers and activators of

PREX2: Phosphatidylinositol
exchanger 2

PTCH1: PATCHED1

RAC1: Ras related C3 botulinum toxin substrate 1

RUNX1T1: RUNX1 partner transcriptional co-repressor 1

SCC: Squamous cell carcinoma

SMO: Smoothened (frizzled class receptor)

SOD: Superoxide dismutase

SPF: Sun protection formula

STAT 1: Signal transducer and activator of transcription 1

STAT3: Signal transducer and activator of transcription 3

SUFU: Suppressor of fused protein

TYR: Tyrosine

UDP-GT: Uridine diphosphate glucuronyl transferase

UV: Ultraviolet

a-MSH: Alpha-melanocyte-stimulating hormone

3,4,5-trisphosphate-dependent Rac

1. Introduction

Skin cancers, including melanoma skin cancer (MSC) and non-
melanoma skin cancer (NMSC), are frequent in Caucasians, and their
incidence is steadily increasing worldwide (Bray et al., 2018; Labani
et al., 2021). Figure 1 portrays the different types of skin cancers
along with risk factors contributing to the onset of skin cancers. The
high incidence of skin cancers imposes a burden on the healthcare
system as well as the patient via associated morbidity, social impact,
and healthcare cost (Fitzmaurice et al., 2017). Although people of
color (POC) are less afflicted, they are more likely to die from skin
cancers owing to the scarcity of awareness, late-stage diagnosis, and
socioeconomic barriers hampering access to care (Gupta et al,
2016).

{

- MELANOMA SKIN CANCER (MSC)
- NODULAR MELANOMA

- LANTIGO MALIGNA MELANOMA
- ACRAL LENTIGINOUS MELANOMA

- RECURRENT BCC

Skin Cancer (SC) ‘

)

- NON-MELANOMA SKIN CANCER (NMSC)
- BASAL CELL CARCINOMA (BCC)

- SQUAMOUS CELL CARCINOMA (SCC)
- MERKEL CELL CARCINOMA (MCC)

Rare Types of SC

- CUTANEOUS LYMPHOMA

- KAPOSI SARCOMA

- KERATOACANTHOMA

- ACTINIC KERATOSIS

- SKIN ADNEXAL TUMOR

- MERKEL CELL CARCINOMA

- SEBACEOUS CARCINOMA

- APOCRINE ADENO CARCINOMA

1. Heredity factors 2. Lyfestyle factors
- Xeroderma pigmentosum

- Ferguson-Smith syndrome

- Rothmund-Thomson syndrome

- Fanconi anemia

- Oculocutaneous albinism

- Epidermolysis bullosa

- Epidermodysplasia verruciformis

- Dyskeratosis congenita

- Albinism

- Fitzpatrick skin type | and Il

- Human papillomavirus type 16, 18,
31

- Gorlin-Goltz symdrome

- Obesity

- Processed food items such
as barbecue, charred meat
- Physical inactivity

(PAHSs)
- Radon
- Lead

- Arsenic

- Asbestos

- Benzene

- Formaldehyde

Risk factors for SC

3. Environmental hazards/toxicants

- Policyclic aromatic hydrocarbons

5. Non-ionizing radiation
4. lonizing radiation
- UVA (315-400 nm): It
penetrates deep into the
skin, and so ages the skin
- UVB (280-315 nm):
Responsible for majority of
sunburns
- UVC (100-280 nm): Blocked
out by the ozone layer and
doesn’t reach the earth’s
surface

- X-rays
- Gamma-rays

Figure 1. Different types of skin cancers (common and rare) and various risk factors responsible for the onset of skin cancer
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Possible causes of NMSC pathogenesis include exposure to
ultraviolet (UV) radiation, ionizing radiations, environmental
toxicants/pollutants, lifestyle habits, toxic xenobiotics such as radon,
lead, arsenic, polycyclic aromatic hydrocarbons (PAHs), and
hereditary factors (Didona et al., 2018; Rees et al., 2014). Although
site-specific treatments are effective in skin cancer, they have some
limitations (aesthetic issues viz., pigmentary changes, atrophy,
fibrosis, and cost burden) (Sobanko et al., 2015). Modulations in
signaling pathways, high mutational burden, as well as increased risk
among immunosuppressed patients led to a new landscape in skin
cancer therapeutics such as epidermal growth factor receptor
(EGFR) therapy, inhibitors of hedgehog signaling, BRAF, and MEK,
checkpoint inhibitors, and immunotherapy such as intratumoral,
oncolytic viral therapy, non-viral oncolytic therapy (Cives et al,,
2020). The treatments available for metastatic tumors have many
adverse effects such as weakened immunity, hair/weight loss,
fatigue, sleep disturbances, fertility problems, morbidity,
psychological problems in cancer survivors, and decreased quality of

life. It is noteworthy that even after several therapy sessions, a high
relapse rate (due to inevitable exposure to UV radiation,
environmental toxicants, and chemoresistance) brings a financial
burden along with significant morbidity to the patient (Sloan &
Gelband, 2007). In Australia, treatment of skin cancer accounts for
AUSS 511 million in 2010 (Gordon et al., 2018). According to United
States statistics, the usual annual amount of treatment for skin
cancers is doubled within five years (Wu et al., 2015). Thus, there is
a desperate demand for complementary treatment with minimum
or nil side effects. Herbal remedies have long been used since
ancient times to tackle diverse ailments, due to their easy
accessibility, safe nature, effectiveness, and no toxicity (Lengai et al.,
2020; Thomasset et al., 2007). Currently, we are focusing on the
pathogenesis of NMSC, and alternative herbal remedies to combat
the NMSC, as well as the role of selected herbs as an adjuvant along
with the conventional therapies to reduce its side effects.
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Figure 2. Mechanism of chemopreventive action of selected herbs against NMSC

Several authors have already discussed the protective role of
botanicals/phytochemicals such as vitamin C and E, selenium, and
carotenoids, among others against skin cancers (Chaiprasongsuk &
Panich, 2022; F'guyer et al., 2003; Gan et al., 2021; ljaz et al., 2018;
Katta & Brown, 2015; Millsop et al., 2013). This review will give new
insights into the selected herbs, namely Azadirachta indica,
Catharanthus roseus, Ocimum sanctum, Phyllanthus emblica,
Santalum album, Tinospora cordifolia, and Withania somnifera, and
the main targets of these herbs. Figure 2 portrays how these herbs
modulate/inhibit various perturbed signaling pathways and impede
NMSC. The reason for choosing these herbs is that these herbs are
very common in Asian countries, especially India. These herbs have
already shown promising chemoprotective effects against NMSC in a
few in vivo studies, but there is a lack of clinical trials on these
herbs. These herbs warrant extensive research for novel drug
discovery.

2. Materials and methods
For the review, reports on the cell lines and animal models were
searched using scientific databases (PubMed and Google Scholar)

against non-melanocytic skin cancer. In the current review, the
beneficial effects of chosen herbs viz., A. indica, C. roseus, O.
sanctum, P. emblica, S. album, T. cordifolia, and W. somnifera and
their active-constituents against NMSC were described. Various
databases (such as PubMed and Google Scholar) were utilized to
extract the pertinent information. Various combinations of major
keywords included were: Azadirachta indica, Catharanthus roseus,
Ocimum sanctum, Phyllanthus emblica, Santalum album, Tinospora
cordifolia, Withania somnifera, chemoprotective,
chemotherapeutic, and chemoprotection.

3. Results and discussion

NMSC, also known as "cancer of keratinocytes," is among the most
common human malignancies and is mainly classified as BCC & SCC,
which account for about 99% of all NMSCs (Katalinic et al., 2003).
Rare forms of NMSCs are sebaceous carcinoma, apocrine
adenocarcinoma, Merkel cell carcinoma, and other rare tumors
(Wollina et al., 2017). Sung et al. (2021) stated that there were
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1,198,073 new cases, and 63,731 deaths occurred from NMSC in
2020.

BCC is the abnormal division of mutated basal cells and is the
predominant type of NMSC (Apalla et al., 2017; Koh et al., 2003).
Patients with Gorlin-Goltz syndrome, Fitzpatrick skin (I and Il), are at
higher risk of developing BCC (Didona et al., 2018). Although BCC
develops at a slower rate, it is capable of widespread tissue
destruction and causes significant morbidity. Mutation in the

PATCHED1 (PTCH1, a tumor-suppressor gene) is a driving force for
BCC (Lauth et al., 2004). Along with that, mutations in the genes
such as c-Myc, Ras, Harvey (Ha)-ras, Kirsten (Ki)-ras, cyclin-
dependent kinase inhibitor 2A (CDKN2A), NRAS, TP53, GLI family
zinc finger 1 (Glil), kinetochore localized astrin (SPAGS5) binding
protein (KNSTRN), GLI family zinc finger 2 (Gli2), suppressor of fused
protein (SUFU), or smoothened (SMO), commence to BCC
(Boeckmann et al., 2020).
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Figure 3. Various signaling pathways altered during NMSC
Mutation in the PTCH1 is a driving force for BCC.
Modulation in the JAK-STAT pathway leads to activation of NFkB signaling and commence to SCC.
SCC is the abnormal division of mutated squamous cells (Queen, impossible to avoid sun exposure, dietary habits and
2017). Depending upon the tumor size, depth, perineural invasion,  chemoprevention through natural products could effectively

immunity of the patient, and anatomical location, SCC has enough
potential for recurrence (Lee & Miller, 2009). People with human
papillomavirus, Fitzpatrick skin type | and |l, xeroderma
pigmentosum, and albinism (Didona et al., 2018) are at higher risk of
developing SCC. Almost 55% of SCC develops in the area of the head
and neck, 18% on the hands and forearms, and 13% on the legs
(Apalla et al., 2017; Leiter et al., 2017). Mutations in the genes such
as p53, glutamate receptor 8 (GRMS8), ERBB4, RUNX1 partner
transcriptional co-repressor 1 (RUNX1T1), Kelch-like ECH-associated
protein 1 (KEAP1), and F-box leads to SCC. In addition, mutations in
the WD repeat domain containing 7 (FBXW?7), and KRAS causes SCC
(Kan et al.,, 2010). Figure 2 portrays the dysregulated signaling
pathways connected to NMSC.

The side-effects of surgery (the gold standard for resecting primary
skin tumors), and other treatments (Mohs micrographic surgery,
curettage, and electrodesiccation) compel investigators for
innovative complementary remedies with minimal adverse effects.
The cost burden of the conventional modalities warrants the need
for cancer prevention by primary prevention (abolishing contact
with the carcinogen) or secondary prevention (repairing the already
built pathologies) (Seite et al., 2017). Also, healthy individuals have
the likelihood of evolving skin cancer owing to continuous exposure
to UV rays exposure and environmental pollutants. Since it is

prevent skin cancer (Stoj et al., 2022).
3.1. Herbs as chemoprotective agents for NMSC

Cancer chemoprevention involves preventing, inhibiting, or
reversing carcinogenesis by administering chemically synthesized or
natural agents (George et al., 2021). Chemically synthesized drugs
exert positive effects; however, in a long run, they instigate
detrimental effects, which warrants the need to utilize the diverse
medicinal potential of natural agents/herbal medicines, which are
easily accessible, and considered safe, and cost-effective, for cancer
management. Skin cancer involves three stages viz., initiation,
promotion, and progression (Arora & Koul, 2014). Thus, the
complexity of cancer can be tackled by using herbs in the form of
galenical preparations (tincture, extracts, tonic) or as active
components that target multiple deranged pathways. Galenical
preparations follow 'pharmacodynamic synergy’, in which the
presence of numerous components acts in synergism and enhances
the medicinal effects of active components as well as antagonizes its
toxicity (Arora & Koul, 2014). It is revealed that 80% of developing
nations utilize traditional medicine (Anquez-Traxler, 2011). Also,
alternative medicine is gaining popularity as a complementary way
of care in developed countries (Deng & Cassileth, 2013). Most
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people look for substitutes that can be easily integrated into their
diet to cure their illnesses (Naja et al., 2015).

Herbs, along with serving as a food and medicine for generations,
also hold a unique place under modern-day "nutraceuticals" to
manage high cholesterol, osteoporosis, diabetes, arthritis,

diminished memory, and constipation among others along with
(Hussain

showing anti-cancer effects et al., 2015). Active

Azadirachta indica

Azadirachtin Nimbolide

Withania somnifera

‘Withaferin A

//_\

components present within herbs such as flavonoids, terpenoids,
polyphenols, carotenoids, catechins, anthocyanins, etc. have
beneficial properties (Alzohairy, 2016; Guldiken et al., 2018). The
next section discusses the importance of selected herbs in
preventing/combating NMSC. Figure 3 shows the various
phytochemicals isolated from these herbs.
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Figure 4. Active phytochemicals from selected herbs and their chemical structure

3.1.1. A. indica (Neem)

A. indica (Meliaceae) is indigenous to India, Pakistan, Burma, Nepal,
and Bangladesh. A. indica defends the skin from harmful UV rays
and other chemical contaminants, as well as skin infections and
wounds (Treichel et al., 2020). The vitamins and fatty acids found in
neem help minimize wrinkles and fine lines on the skin and provide
an anti-aging benefit. Dasgupta et al. (2004a) reported the
chemoprotective  effect of A, indica leaves against
dimethylbenz[alanthracene (DMBA)-induced papilloma formation
by increasing the antioxidant defense mechanism in albino mice.
Koul et al. (2006) found that aqueous A. indica leaf extract (AAILE)
reduced the tumor statistics, significantly improved the antioxidant
enzymes in DMBA-treated mice, and thus prevented skin
carcinogenesis in mice. Akihisa et al. (2009) observed that limonoids
treatment to the B16 melanoma cells as well as TPA-treated mice
markedly inhibited melanin production as well as decreased the
inflammation in TPA-treated mice. Akihisa et al. (2011) further
observed that limonoids, salanin, and 3-deacetylsalanin caused a
significant reduction in melanin content in B16 melanoma cells, and
markedly alleviated the inflammation in TPA-treated mice. Arora et
al. (2011a) reported that AAILE treatment caused a significant
improvement in skin histology and surface structure as revealed
through scanning electron microscopy, and also modulated the
STAT-1, AP-1, and NFkB genes expression in DMBA/TPA treated
mice. Further, they also found that AAILE treatment caused a
marked reduction in tumor incidence, tumor burden, and tumor

volume. Also, AAILE treatment caused a significant increase in
apoptosis of cancerous cells as revealed via expressions of Bcl-2,
Bax, caspase-9, and caspase-3 (Arora et al.,, 2011b). Arora et al.
(2013) also showed in a study that AAILE treatment significantly
decreased the cytochrome p450 levels, and increased the DTD,
UDP-GT, and LPO in skin/tumors, and liver tissues of tumor-bearing
mice, which showed its chemopreventive effect. Arora et al. (2013)
also found that AAILE caused a significant decrease in PCNA, and
cyclin D1, which are cell-cycle proteins responsible for cell
proliferation. Also, AAILE treatment caused markedly increased
expressions of p53 and p21. Ali et al. (2015) observed that
stigmasterol treatment had a chemopreventive effect against
DMBA/croton oil-induced skin cancer in mice as revealed via the
reduction in tumor size, number, decreased DNA damage, and
increase in antioxidant enzymes. Chugh et al. (2018) observed that
AAILE treatment caused a marked reduction in skin papilloma
formation as unveiled via scrutinizing the cell proliferation, cell
count, DNA/amide ratio, ODC, ATM, and LDH within skin/papilloma
of mice. After that, Chugh and Koul (2021) observed that AAILE
treatment decreased the GAGs levels, collagen levels, and CEA
levels, and thus modulated the ECM to reduce the metastasis of skin
carcinoma in the DMBA/TPA-induced murine skin cancer model.
Table 1 lists a few findings validating its protective role against
NMSC.
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3.1.2. C. roseus (Sadabahaar) extract of C. roseus caused significant cytotoxicity on Escherichia coli
and Staphylococcus lugdunensis. Rezadoost et al. (2019) showed
that methanolic extract of C. roseus significantly increased the
apoptosis of MCF-7, A431, and U87-MG cancerous cells. Pham et al.
(2019) also observed that the root extract of C. roseus markedly
inhibited the growth of E. coli, Enterobacter aerogenes, S.

lugdunensis, Candida albicans , and Aspergillus spp. Table 2 lists a

C. roseus, also known as "periwinkle" (Apocynaceae), is indigenous
to Madagascar, hence the name "Madagascar periwinkle." Now, it is
available in almost all of the world's warm areas. It has found a role
in both western medicine and traditional therapies and has shown
extensive health benefits. Ayurvedic physicians used the flowers of

C. roseus to treat eczema, dermatitis, and other skin issues (Nayak &
Pinto Pereira, 2006). Pham et al. (2018) observed that n-butanol

few findings validating its protective role against NMSC.

Table 1. Different reports on the chemoprotective efficacy of A. indica against NMSC

Extract/active Cell line/animal model Dose Duration Effects Mechanism of action References
component

Ethanolic extract of A. DMBA-induced skin 250 and 500 mg for 15 days Chemopreventive 1 Phase-Il enzyme (Dasgupta et al.,
indica leaves papilloma genesis in per kilogram (kg) 1GST, DT-diaphorase (in 2004a)

Aqueous A. indica leaf
extract (AAILE)

Limonoids from seed
extract of neem

Several limonoids
from n-hexane extract
of Neem seeds
Salanin and & 3-
deacetylsalanin
Aqueous A. indica leaf
extract (AAILE)

Aqueous A. indica leaf
extract (AAILE)

Aqueous A. indica leaf
extract (AAILE)

Aqueous A. indica leaf
extract (AAILE)

Stigmasterol from A.
indica

Aqueous A. indica leaf
extract (AAILE)

Aqueous A. indica leaf
extract (AAILE)

Swiss albino mice

DMBA-induced skin
tumors in male mice

B16 melanoma cells
12-0-
tetradecanoylphorbol-
13-acetate (TPA)-
induced inflammation
in mice

B16 melanoma cells &
TPA-induced
inflammation in mice

Skin carcinogenesis in
LACA mice by topical
application of DMBA
followed by TPA

Skin carcinogenesis in
mice

Effect of skin
carcinogenesis
induced by
DMBA/TPA on skin
and hepatic tissue's
biochemical status in
mice

Skin carcinogenesis
induced by
DMBA/TPA in male
LACA mice
DMBA/Croton oil-
induced skin cancer in
mice

DMBA/TPA-induced
skin papilloma genesis
in mice

DMBA/TPA-induced
skin cancer in mice

body weight (bw)

400 mg/kg bw

25 mg/ml

25ug/ml

300mg/kg bw

300mg/kg bw

300mg/kg bw

300mg/kg bw

200 mg/kg and
400 mg/kg bw

300mg/kg bw

300mg/kg bw

for 14 weeks

for 20 weeks

for 3 hours

On alternate
days

for 20 weeks

for 10 weeks

for 20 weeks

for 16 weeks

for
10 weeks

for 22 weeks

Chemopreventive

Anti-inflammatory
& Chemopreventive

Cytotoxic as well as

anti-inflammatory

Chemopreventive

Apoptotic

Anti-cancer

Chemopreventive

Chemopreventive

Growth inhibitory

Chemopreventive

extrahepatic), GR (in extrahepatic),
GPX, SOD, and CAT

J Tumor incidence/burden, number
of papilloma

1 Antioxidant enzymes

J Mean tumor burden and tumor
volume, CAT, SOD

TLPO, GSH, GPx, and GR

{ Mean tumor burden, tumor
volume, & hyperchromatia

TLro

4 Melanin production (74-91%)
 Inflammation

N Epstein-Barr Virus Early Antigen
(EBV-EA)

70-74% reduction in melanin
content

79-85% cell viability

2,3,5,6, and 9-15 showed marked
anti-inflammatory activity

T Regions of degeneration in
histology & SEM

T STAT 1and AP-1

4 NF-«B

J Tumor incidence (58.3%), mean
tumor burden (54.5%), and mean
tumor volume (45.6%)

T Bax, caspase 3, caspase 9

4 Bcl-2

{ Cytochrome p450 (CYP) & GSH
level (in liver & skin)

1 DTD, UDP-GT (in liver & skin), and
UDP-GT activity (in liver)

T LPO (in liver & skin)

4 PCNA and cyclin D1
T p53 and p21
T Lpo

T Latency period

d Tumor size, number of
papillomas, LPO, aspartate
aminotransferase, alanine
aminotransferase, alkaline
phosphatase, and bilirubin

J DNA damage

1 Glutathione, SOD, and CAT

J Papilloma incidence and number
 Cell proliferation, epidermal
thickness & cell count, DNA/amide |
ratio

1 opc, ATM

L LDH

J Collagen and glycosaminoglycans
(GAG) levels

N Carcinoembryonic antigen (CEA)

(Koul et al., 2006)

(Akihisa et al.,
2009)

(Akihisa et al.,
2011)

(Arora et al.,

2011a)

(Arora et al.,

2011b)

(Arora et al., 2013)

(Arora et al., 2013)

(Ali et al., 2015)

(Chugh et al., 2018)

(Chugh & Koul,
2021)
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Table 2. Different reports on the chemoprotective efficacy of C. roseus against NMSC

Extract/active Cell line/animal model Dose Duration Effects Mechanism of action References
component
Extract of C. roseus A2780 (ovarian), H460  Glsg values of 5.2- for 0-72 Cytotoxic B Activity of E. coli & S. lugdunensis (Pham et al., 2018)
stem & its n-butanol (lung), A431 (skin), 21.0 ug/ml hours
fraction MIA PaCa-2

(pancreas), Dul45

(prostate), HT29

(colon), MCF-7

(breast), BE2-C

(neuroblastoma), SJ-

G2, U87, and SMA

(glioblastoma)
Methanolic extract of MCF-7 breast cancer 50 ug/ml for 0-72 Apoptotic T Apoptosis of cancer cells (Rezadoost et al.,
C. roseus cells, A431 epidermal hours 2019)

cell line, and U87-MG

glioma cell line that

were compared to

HGF-1 as normal cells
C. roseus root extract A2780 (ovarian), H460 100 pg/ml for 0-72 Antioxidative & 1 Growth of £. coli, E. aerogenes, (Pham et al., 2019)
(RE) and its sub- (lung), A431 (skin), hours growth inhibitory and S. lugdunensis and fungi (C.

fractions: saponin-
enriched (SE) and
aqueous (AQ)
fractions

MIA PaCa-2
(pancreas), Dul145
(prostate), HT29
(colon), MCF-7
(breast), BE2-C
(neuroblastoma), SJ-
G2, U87, and SMA
(glioblastoma)

albicans and A. niger)

Table 3. Different reports on the chemoprotective efficacy of O. sanctum against NMSC

Extract/active Cell line/animal model Dose Duration Effects Mechanism of action References
component
Apigenin DMBA-initiated and 1to 20 umol for 33 weeks Chemopreventive J Tumor incidence (Wei et al., 1990)
TPA promoted skin lopc
tumorigenesis in J Papilloma incidence and numbers
SENCAR mice T Latency period of tumor
appearance
J Incidence of carcinoma, &
numbers
J Ratio of carcinomas/papilloma
Eugenol DMBA-induced and 2mg for 6 weeks Free-radical 450D, LPO (Sukumaran et al.,
croton oil promoted scavenging 4 Number of papillomas (84%) 1994)
J Number of tumor
Ethanolic tulsi leaf DMBA-induced skin 150 pl for 15 days Chemopreventive J Tumor incidence (papillomas) (Prashar et al.,
extract papillomagenesis in J Average number of tumors, 1994)
swiss albino male cumulative number of papillomas
mice TGSH, GST
Ethanolic leaf extract DMBA/ croton oil- 800 mg/kg bw for 15 days Chemopreventive 4 Number of tumor, cumulative (Prashar & Kumar,

of O. sanctum

Apigenin

Hydroalcoholic
extract of the fresh
leaves of Tulsi

Alcoholic extract of
the Tulsi leaves

induced
papillomagenesis in
the skin of male Swiss
albino mice
UVB-induced skin
carcinogenesis in mice

Benzo(a)pyrene-
induced forestomach
and DMBA-initiated
skin papilloma genesis
in mice

Carcinogens viz., 3-
mthylcholanthrene
(MCA), DMBA and
aflatoxin B1 (AFB1)-
initiated TPA
promoted by
following 2-stage
Skin tumorigenesis in
a mouse model

5 uM/200 ul
DMSO

10 pM (0-100 uM)
200 and 400
mg/kg bw

100 pl

for 11 weeks

for 15 days

for 24 weeks

Chemopreventive

Chemopreventive

Antiproliferative
Immunomodulatory
&

antioxidant

number of papillomas, and mean
number of tumors

TGSt

1 Glutathione level

J ODC (25-45% inhibition) activity
J Cancer incidence (52% inhibition)
T Tumor free survival

1 Phase Il enzymes, GST, DT-
diaphorase, GR, SOD, GSH, and CAT
in hepatic and extrahepatic organs
1 GST and DT-diaphorase ( in
forestomach, kidney, and lung)

{ Phase | enzyme, LPO and LDH

4 Tumor burden, percentage of
tumor bearing-animals

J Number of tumors

{ Cutaneous y-glutamyl
transpeptidase (GGT) and
glutathione-S-transferase-P (GST-P)
T Infiltration of polymorphonuclear,
mononuclear and lymphocytic cells
J 0DC activity

T Interleukin-1p (IL-1B), TNF-a
(serum)

J Phase | enzymes

TPhase II enzymes

T Glutathione levels

1 LPO, heat shock protein

1995)

(Birt et al., 1997)

(Dasgupta et al.,
2004b)

(Rastogi et al.,
2007)
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Extract/active Cell line/animal model Dose Duration Effects Mechanism of action References
component
Apigenin UVB-induced mouse 5-50 uM for 22 hours Chemopreventive J cox-2 (Van Dross et al.,

and human 308 2007)
keratinocyte cell line
Luteolin UV-induced skin 10 or 20 umol/I for 0-12 Chemopreventive J Protein kinase C (epsilon), c-Src (Byun et al., 2010)
cancer & JB6 P+ cell hours activities, activator protein-1, and
line and the SKH-1 nuclear factor-«B activity
hairless mouse model J Phosphorylation of mitogen-
activated protein kinases and the
Akt signaling pathway
J Tumor incidence,multiplicity, and
overall size
N Cyclooxygenase-2, tumor necrosis
factor-a, PCNA, PKCg, and Src
kinase
Eugenol DMBA initiated and 30uL for 28 weeks Antiproliferative, J Oxidative stress, inflammation, (Kaur et al., 2010)
TPA promoted skin anti-inflammatory, cell proliferation
tumorigenesis & antioxidative n Apoptosis
L IL-6, TNF-q, and PGE,
4 NF-«B
Luteolin UV-induced damages 12 pg/mL for 0-24 Antioxidative & N Cyclobutane pyrimidine dimers (Wolfle et al., 2011)
in human hours anti-inflammatory 1 skin erythema

keratinocytes in vitro,
ex vivo, and in vivo

J Cyclooxygenase-2, prostaglandin
E, production

3.1.3. 0. sanctum (Tulsi)

O. sanctum, also famous as "Queen of Herbs", is a member of the
Labiatae family that originated in north-central India and now grows
throughout the eastern world tropics (Africa, America, Asia, China).
In ancient times, it was topically applied to the skin to heal acne and
wounds (Marwat et al.,, 2011). Tulsi also protected the skin by
avoiding blackheads and treating fungal infections (Khan et al,
2010) and wounds (Mandal et al., 2022). Wei et al. (1990) showed
the chemopreventive efficacy of apigenin against DMBA/TPA-
induced skin tumorigenesis in mice as evidenced by the reduction in
tumor incidence, ODC, papilloma incidence, and carcinoma
incidence. Sukumaran et al. (1994) observed that eugenol treatment
caused a significant decrease in LPO, SOD, number of papillomae,
and number of tumor-bearing mice and thus showed free radical
scavenging potential. Prashar et al. (1994) found that ethanolic tulsi
leaf extract markedly reduced the tumor incidence, and the average
number of tumors, and significantly improved the activity of the
antioxidant enzymes in DMBA-treated mice. Prashar and Kumar
(1995) reported that ethanolic extract of tulsi caused a marked
reduction in the number of tumors, papillomas, and significantly
improved the GST, and GSH levels within DMBA-induced mice. Birt
et al. (1997) observed that apigenin reduced the UVB-induced skin
carcinogenesis in mice by reducing the cancer incidence as well as
the expression of ODC in mice. Dasgupta et al. (2004b) reported that
tulsi leaf extract significantly improved the antioxidant defense
mechanism of benzopyrene-induced tumor-bearing mice. Van Dross
et al. (2007) found that apigenin showed chemopreventive efficacy
against UVB-induced carcinoma in mice and keratinocyte cells.
Rastogi et al. (2007) observed that alcoholic extract of Tulsi
enhanced the endogenous antioxidant enzymes, and decreased the
number of tumors, inflammation, and ODC in tumor-bearing mice.
Byun et al. (2010) found that luteolin decreased tumor incidence,
tumor size, cyclooxygenase-2 activity, protein kinase C activity, and
modulated the MAPK and Akt signaling in JB6 P+ cells and SKH-1
mouse model, and thus showed a chemoprotective effect. Kaur et
al. (2010) stated that eugenol markedly attenuated oxidative stress,
inflammation, cell proliferation, and substantially increased the
apoptosis of tumor cells in DMBA/TPA treated mice. Wolfle et al.
(2011) reported that luteolin decreased the formation of
cyclobutene pyrimidine dimers, skin erythema, cyclooxygenase-2,
and prostaglandin E2 production against UV-induced damages in
keratinocytes. Table 3 lists a few findings validating the protective
role of O. sanctum against NMSC.

3.1.4. P. emblica (Amla)

P. emblica, or "Indian gooseberry" (Euphorbiaceae), is indigenous to
Asia, China, India, Nepal, and Sri Lanka (Ahmad et al., 2021). It has
been reported that P. emblica reduces the UV-induced erythema
and strikingly reduces the free radicals (Fujii et al., 2008). Its seeds
are also used to heal scabies and itches (Mehmood et al., 2011).
Amla also aids in treating freckles and age spots (Singh et al., 2012).
Sancheti et al. (2005) observed that amla fruit extract decreased the
tumor incidence, tumor burden, and tumor yield in DMBA/croton
oil-induced skin carcinogenesis in a murine model and thus showed
a chemoprotective effect. Majeed et al. (2011) showed that the
amla fruit extract significantly decreased the collagen damage as
well as ROS level in normal fibroblast cells exposed to UVB. Fujii et
al. (2013) observed that amla extract and collagen peptide
significantly reduced epidermal hyperplasia, and skin wrinkle
formation in UVB-induced hairless mice. Table 4 lists a few findings
validating the protective role of P. emblica against NMSC.

3.1.5. S. album (Chandan)

S. album, or "Royal Tree" (Santalaceae), is indigenous to Asia,
Australia, Hawaii, and Pacific Islands (Santha & Dwivedi, 2015).
Sandalwood is the most commonly utilized incense among Chinese
and Japanese people (Goswami & Tah, 2018; Khan et al., 2021). The
Egyptians used its wood for embalming the deceased to venerate
the god (Kumar et al., 2012). Sandalwoods are under the Padma
(lotus) group in Buddhism and ascribed to the bodhisattva
Amitabha. It is perhaps one of the most often used scents in incense
offerings to the Buddha (Goswami & Tah, 2018). In 1997, it is
categorized under 'vulnerable' species by the International Union
for Conservation of Nature (IUCN) (Kumar et al., 2012). S. album also
can cure skin diseases such as pimples, scars, and eczema. lIts
essential oil is mainly used in Ayurvedic medicine to alleviate
anxiety. This essential oil is also used for skin toning and treating
skin problems. It also has anti-aging and anti-tanning properties.
Alpha-santalol is the main active constituent of sandalwood oil,
which showed promising anti-inflammatory, chemopreventive, and
fungicidal effects (Bommareddy et al., 2019). Dwivedi and Abu-
Ghazaleh (1997) showed that sandalwood oil significantly decreased
the papilloma incidence, and papilloma multiplicity, and reduced the
ODC expressions against DMBA/TPA-induced skin papilloma genesis
in mice. Further, Dwivedi and Zhang (1999) observed that
sandalwood oil reduced the papilloma incidence as well as
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multiplicity in CD-1 mice. Dwivedi et al. (2003) observed that a-
santalol treatment caused a marked decrement in papilloma
incidence, and ODC activity in DMBA/TPA-induced mice. Dwivedi et
al. (2006) found that a-santalol treatment markedly decreased the
tumor incidence, ODC activity, DNA synthesis, and incorporation of
3H thymidine in DNA in DMBA/TPA treated mice. Kaur et al. (2005)
showed that sandalwood oil significantly decreased the cell number,
and increased the apoptosis, and autophagy of A431 carcinoma
cells. Dwivedi et al. (2006) stated that a-santalol treatment
markedly reduced the tumor incidence, multiplicity and ODC activity
in UVB/TPA treated mice. Bommareddy et al. (2007) found that a-
santalol markedly decreased the tumor multiplicity and LPO in UVB-
treated female mice. Arasada et al. (2008) observed that a-santalol
significantly decreased tumor incidence, multiplicity, and increased

the apoptosis of mutated cells in UVB-treated mice. Zhang et al.
(2010) showed that a-santalol markedly decreased the cell viability,
downregulated the expression of mutated cell cycle genes, and
increased the p21 expression in A431 carcinoma as well as UACC-62
melanoma cells. Chilampalli et al. (2013) observed that a-santalol
markedly reduced the tumor multiplicity, cell viability, cell
proliferation, and induced apoptosis in A431 carcinoma cells as well
as UVB-treated mice. Dickinson et al. (2014) stated that sandalwood
oil markedly decreased the PARP cleavage, and AP-1 activity, and
increased the apoptosis as well as autophagy in HaCaT
keratinocytes. Table 5 lists the findings that showed Sandalwood's
chemopreventive efficacy against skin cancer.

Table 4. Different reports on the chemoprotective efficacy of P. emblica against NMSC

Extract/active Cell line/animal model Dose Duration Effects Mechanism of action References
component
Amla fruit extract DMBA/croton oil- - for 16 weeks Chemopreventive J Tumor incidence, tumor yield, (Sancheti et al.,
induced skin tumor burden, cumulative number 2005)
carcinogenesis in mice of papilloma
Amla fruit extrac Human skin fibroblast 0-40pg/ml for 0-48 Chemopreventive TCell-proliferation, TIMP-1, and (Fujii et al., 2008)
cells hours production of procollagen
J Matrix metalloproteinase-1
(MMP-1) production
Amla fruit extract Normal human 0.5 mg/ml for 0-24 Photoprotective J Collagen damage (Majeed et al.,
dermal fibroblasts hours 1 ROS 2011)
exposed with UVB
irradiation
Amla extract and Photoaging induced 5% for 7 weeks Photoprotective 4 8- OHdG-positive cells and (Fujii et al., 2013)
collagen peptide by UVB irradiation in epidermal hyperplasia
Male Hos:HR-1 J skin wrinkle formation in the mice
hairless mice

Table 5. Different reports on the chemoprotective efficacy of S. album against NMSC

Extract/active Cell line/animal model Dose Duration Effects Mechanism of action References
component
Sandalwood oil (5% in DMBA-initiated and 100 ul for 20 weeks Chemopreventive 4 Papilloma incidence by 67% & (Dwivedi & Abu-

acetone, w/v)
Sandalwood oil

a-Santalol

a-Santalol

East Indian
sandalwood oil & a-
santalol (about 25-75
uM)

a-Santalol

a-Santalol

TPA-promoted skin
papillomas in mice
CD-1 mice

5% pre-treated - Chemopreventive

DMBA-initiated and 5% for 20 weeks
TPA-promoted skin
tumors in CD-1 and
SENCAR mice

DMBA-initiated and
TPA-promoted skin
cancer in mice

Chemopreventive

1.25% and 2.5% for 20 weeks Chemopreventive

Human epidermoid 25-75 mM for 0-48 Apoptotic & anti-
carcinoma A431 cells hours proliferative
UVB-induced skin 5% for 30 weeks Chemopreventive

tumorigenesis of SKH-
1 hairless mice under
three different
protocols (DMBA-
initiated and UVB-
promoted; UVB-
initiated and TPA-
promoted and UVB-
initiated and UVB

promoted)
UVB-induced skin 1.25%, 2.5%, and for 30 weeks Antioxidant and
tumour development 5% anti-cancer activity

in female SKH-1 mice

multiplicity by 96%

J ODC activity by 70%

J Papilloma incidence and
multiplicity

{ Papilloma development

J 0ODC activity

J Incorporation of 3H-thymidine in
DNA

4 Tumor incidence and multiplicity
4 ODC activity and DNA synthesis
J Incorporation of 3H-thymidine in
DNA

 Cell number

T Caspase-3, poly(ADP-ribose)
polymerase cleavage, caspase-8 and
caspase-9

J Mitochondrial membrane
potential

T Cytochrome C

1 Autophagy through stimulation of
microtubule-associated protein 1
light chain 3 (LC3)

J Tumor incidence and multiplicity
J obc activity

J Tumor multiplicity
4 LPO (in skin and liver microsomes)

Ghazaleh, 1997)

(Dwivedi & Zhang,
1999)

(Dwivedi et al.,
2003)

(Dwivedi et al.,
2006)

(Kaur et al., 2005)

(Dwivedi et al.,
2006)

(Bommareddy et
al., 2007)
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Extract/active Cell line/animal model Dose Duration Effects Mechanism of action References
component
a-Santalol UVB-induced skin 5% for 30 weeks Apoptosis J Tumor incidence and multiplicity (Arasada et al.,

tumor development in T Caspase-3, caspase-8 levels, and 2008)
SKH-1 mice p53
N Development of tumors
a-Santalol Mutated human 50-100 uM for 0-72 Anti-proliferative d Cell viability (Zhang et al., 2010)
epidermoid 50-75 uM hours T G2/M phase cell cycle arrest
carcinoma A431 cells T Cyclin A, cyclin B1, Cdc2, Cde25c,
and p53 wild-type p-Cdc25¢, and Cdk-2
human melanoma T p21, wild-type p53
UACC-62 cells J Mutated p53 in UACC-62 cells
T Depolymerization of microtubules
a-Santalol, honokiol Chemically and UVB- Combination for 30 weeks Apoptotic J Tumor multiplicity, cell viability, (Chilampalli et al.,
and magnolol isolated induced skin cancer treatment of a- cell-proliferation (90% reduction) 2013)
from Magnolia development in mice santalol (5 mgin T Apoptosis
officinalis bark extract & humans epidermoid 100 pl acetone)
carcinoma A431 cells and honokiol (30
ug in 100 pl
acetone)
East Indian HaCaT keratinocytes 0.0005% & 0.001% for 0-24 Anti-cancer JPARP cleavage (Dickinson et al.,
sandalwood oil (EISO) (UV-signature hours TApoptosis 2014)

mutations,
dysfunctional p53 and
a defective NFkB
signaling pathway)

J AP-1 activity

J Plasma membrane integrity
T Cleavage of LC3

T Autophagy

J Multiplication of cells

3.1.6. T. cordifolia (Guduchi)

T. cordifolia, also known as "Giloy" (Menispermaceae), is abundant
in South Asia, Indonesia, the Philippians, Bangladesh, Thailand,
Myanmar, China, and Srilanka (Upadhyay et al., 2010). It is the best
remedy for skin problems such as black spots, pimples, fine lines,
wrinkles, and acne and slows down the aging process (Yates et al.,
2022). Goyal et al. (2007) showed that root extract of T. cordifolia
significantly decreased the tumor incidence, tumor yield, and tumor
burden in DMBA/TPA treated mice. Chaudhary et al. (2008) showed

that T. cordifolia extract significantly decreased the papilloma
number, tumor burden, and LPO, and markedly increased the
phase-Il detoxifying enzymes in DMBA/croton oil treated mice. Ali
and Dixit (2013) reported that palmatine significantly decreased the
tumor size, and number, and significantly increased the antioxidant
enzyme activities, restoring the DNA damage in DMBA/croton oil
treated mice. Table 6 summarizes a few studies that demonstrated
the protective potential of T. cordifolia against NMSC.

Table 6. Different reports on the chemoprotective efficacy of T. cordifolia against NMSC

Extract/active Cell line/animal model Dose Duration Effects Mechanism of action References
component
Root extract of T. Two-stage skin - for 16 weeks Anti-tumor J Tumor incidence, tumor yield, (Goyal et al., 2007)

carcinogenesis
process in Swiss
albino mice
Two-stage skin
carcinogenesis model
in mouse using
DMBA/croton oil

cordifolia plant
extract (TCE)
for 16 weeks

T. cordifolia extract 100 mg/kg bw

DMBA/croton oil for 16 weeks
induced skin
carcinogenesis in

Swiss albino mice

Alkaloid palmatine 200 mg/kg bw
extracted from T.

cordifolia

tumor burden, and cumulative
number of papillomas
(Chaudhary et al.,

Anti-oncogenic 4 Cumulative number of

papillomas, tumor yield, tumor 2008)
burden, and tumor weight
7T Phase Il detoxifying enzymes
{po
Anticancer 4 Tumor size, number (Ali & Dixit, 2013)

T GSH, SOD, CAT, restored the
increased DNA damage

3.1.7. W. somnifera (Ashwagandha)

Ashwagandha, or "Indian ginseng" (Solanaceae), is grown in
Afghanistan, India, Egypt, Morocco, Nepal, Sri Lanka, China, Jordan,
Congo, Baluchistan, South Africa, and Yemen (Mandlik & Namdeo,
2021). Ashwagandha benefits the skin by replenishing natural oils
and creating skin-enriching compounds such as hyaluronan, elastin,
and collagen, giving skin hydration and suppleness, and strength.
Davis and Kuttan (2001) showed that 1-oxo-5b, 6b-epoxy-with a-2-
enolide isolated from the chloroform root extracts of W. somnifera
markedly enhanced the antioxidant enzyme activities, and
decreased the LPO in DMBA-treated mice. Prakash et al. (2002)
reported that hydroalcoholic root extract of W. somnifera markedly
decreased the incidence as well as the number of skin tumors, and
enhanced the antioxidant enzyme activities in DMBA-treated mice.
Mathur et al. (2004) found that 1-oxo-5b, 6b-epoxy-with a-2-enolide

isolated from the chloroform root extracts of W. somnifera
markedly increased the p53 foci in UVB exposed rats, and thus
showed anti-cancerous activity. Padmavathi et al. (2005) showed
that W. somnifera root extract significantly decreased the phase |
xenobiotic metabolizing enzymes, and increased the phase I
antioxidative enzymes, decreased the tumor incidence, and
multiplicity in benzopyrene and DMBA treated mice. Li and Zhao
(2013) showed that withaferin A markedly decreased cell
proliferation, LDH, and IDH-1, and increased the mitochondrial
membrane potential, complex-l activity, and mitochondrial
respiration in JBP6+ cells as well as TPA-treated mice. Maliyakkal et
al. (2015) found that ethanolic extracts of W. somnifera (WS-ET) and
T. cordifolia markedly decreased the side population, ABC-B1, and
ABC-G2 transporters in CSCs. Li et al. (2016) showed that withaferin
A attenuated the cell proliferation, ACC-1, and AP-1 and thus
showed a chemopreventive effect against chemically induced skin
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carcinogenesis in the murine model. Xu et al. (2019) observed that
withaferin A decreased tumor promotion via stabilizing the IDH-1,
and inactivating HIF-1A in TPA-treated mice. Table 7 lists a few

findings that indicate the protective role of Ashwagandha against
NMSC.

Table 7. Different reports on the chemoprotective efficacy of W. somnifera against NMSC

Extract/active Cell line/animal model Dose Duration Effects Mechanism of action References
component
W. somnifera DMBA-treated group 20 mg/kg bw i.p. - Anti-cancer JLPO (Davis & Kuttan,

W. somnifera
hydroalcoholic root
extract (WSRE)

1-0x0-5b, 6b-epoxy-
with a-2-enolide
isolated from the
chloroform root
extracts of W.

DMBA-induced skin
cancer in mice

Skin tumors in rats by
UVB radiation
followed by topical
treatment with
benzoyl peroxide

400 mg/kg orally

20 mg/kg bw

for 12 weeks

somnifera
W. somnifera Benzo(a)pyrene- 2.5% and 5% for 14 days
root induced forestomach (w/w)
extract papilloma genesis and
DMBA-induced skin
papilloma genesis in
the Swiss albino mice
Withaferin A (WA) Skin epidermal JB6 P+ 20 pg -
cells, a well-
established TPA
model for tumor
promotion in mouse
Ethanolic extracts of Cancer stem cells WS-ET (20 pg/ml) for 0-96
W. somnifera (WS-ET) (CSCs) and TC-ET (50 hours
and T. cordifolia (TC- ug/ml)
ET)
Withaferin A Chemically-induced 20 pg for 14 weeks
skin carcinogenesis
mouse model
Withaferin A TPA-induced skin - -
cancer

Chemopreventive

Anti-cancer

Chemopreventive

T GSH, GST, GPx, and CAT

J Incidence and an average number
of skin lesions

T GSH, LPO, SOD, CAT, GPX, and
GST

J MRN complex protein NBS-1

T p53+foci (clusters of cells
containing the mutated p53
protein)

J Phase | xenobiotic metabolizing
enzymes
1 Phase Il and Antioxidant enzymes

2001)
(Prakash et al.,
2002)

(Mathur et al.,
2004)

(Padmavathi et al.,
2005)

(liver)

4 Tumor incidence and multiplicity
(in stomach and skin)

4 MDSC

J Metastasis of tumor

J Cell proliferation

J LDH & isocitrate dehydrogenase 1
(IDH1)

T Mitochondrial membrane
potential, complex | activity and
mitochondrial respiration

T a-Ketoglutarate

{ Side-population (SP), ABC-B1, and

Chemopreventive (Li & Zhao, 2013)

Tumor sensitizing & (Maliyakkal et al.,

cytotoxic ABC-G2 transporters 2015)
Chemopreventive d cell proliferation, acetyl-CoA (Lietal., 2016)
carboxylase 1 (ACC1), activator

protein (AP) 1
Chemopreventive 4 Tumor promotion via stabilizing (Xuetal., 2019)

IDH1, & inactivating HIF-1a
signaling

3.2. Challenges faced by herbs

The major challenge is the lack of pharmacokinetics studies
(absorption, distribution, metabolism, excretion, and toxicity profile)
on these herbs, and only a few pre-clinical studies on the defending
efficacy of these plants against NMSC are present, that’s why these
herbs have not been used in clinical trials till date. This review draws
the attention of scientists worldwide to explore these herbs for the
discovery of new medicines. Also, this review emphasizes the
importance of these herbs and suggests that people worldwide get
the maximum benefit from these herbs by incorporating them into
daily food. Combining traditional and pharmacological expertise
could lead to new, less expensive, and potentially successful
anticancer drugs.

4, Conclusions

In conclusion, the above-discussed herbs showed promising anti-
cancerous efficacy against cell lines and animal models. However,
there is a need for extensive research on different parts of these
herbs viz., leaf, stem, root, seed, etc. to bring these herbs into
clinical trials and further isolation of active phytochemicals for the
discovery of safer drugs.
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