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Abstract Even after a century of substantial

advancements in oncology medicines, cancer still

ranks as one of the top causes of death worldwide. As a

result, there is an ongoing and pressing need for the

development of new cancer drugs. Natural compounds

and their semi-synthetic derivatives continue to show

promise as potential therapeutic leads, due to their

high chemical diversity, biochemical specificity, sig-

nificant molecular activities, and pharmacological

properties. They serve as excellent starting points for

the discovery of new drugs, inspiring new break-

throughs in biology, chemistry, and medicine. In

recent years, scientists have made significant advance-

ments in the development of naturally occurring or

partly synthesized analogues with improved bioactiv-

ity, simpler synthetic targets and reduced toxicity.

This review aims to summarize the importance and

biological actions of natural compounds identified

form plants and their role in prevention of cancer

treatment.
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Introduction

Cancer is one of the most serious health issues in the

world and the leading cause of death in the twenty-first

century, according to the World Health Organisation

(Ma and Yu 2006). In 2020, almost 10 million

individuals succumbed to cancer worldwide, with

breast, lung, rectum, prostate, colon, skin and stomach

cancer (https://www.who.int/news-room/fact-sheets/

detail/cancer). Particularly, the expanding global pop-

ulation and rising life expectancy will cause an annual

rise in the number of cancer cases. Therefore, the potent

anticancer medications is essential. Chemotherapeutic

medicines are often used in cancer treatment, and they

have become a crucial component of cancer medication

therapy.

Several strategies have been used to reduce the side

effects of cancer therapy medications, including avoid-

ing causing damage to adjacent cells and tissues,

enhancing drug accumulation and efficacy in the lesion,

and developing innovative drug delivery and targeting

systems (Xia et al. 2021). There are numerous additional

approaches to treating cancer, such as surgical removal

of the tumor, cancer vaccines, stem cell transformation,

chemotherapy, immunotherapy, photodynamic therapy,

R. Pavithra � M. S. Khan (&)

School of Life Sciences, B. S. Abdur Rahman Crescent

Institute of Science and Technology, Chennai 600048,

India

e-mail: shahnawazkhandrr@gmail.com

M. R. Khan

Department of Pharmacology and Toxicology, College of

Pharmacy, King Saud University Riyadh, 115428 Riyadh,

Kingdom of Saudi Arabia

123

Phytochem Rev

https://doi.org/10.1007/s11101-024-09940-0(0123456789().,-volV)( 0123456789().,-volV)

http://orcid.org/0000-0002-4080-755X
https://www.who.int/news-room/fact-sheets/detail/cancer
https://www.who.int/news-room/fact-sheets/detail/cancer
http://crossmark.crossref.org/dialog/?doi=10.1007/s11101-024-09940-0&amp;domain=pdf
https://doi.org/10.1007/s11101-024-09940-0


radiotherapy, or an assortment of these methods, which

typically come with detrimental side effects (Chu et al.

2020). These adverse effects include limited metastasis,

toxicity, and lack of specificity, low bioavailability, and

rapid clearance(Lichota et al. 2018). Treatment options

for cancer are determined by the location, stage, and

type of the cancer. Chemotherapy drugs, such as

alkylating agents (e.g., cyclophosphamide, oxaliplatin,

carboplatin, and melphalan), topoisomerase inhibitors

(e.g., doxorubicin and irinotecan), and microtubule-

acting agents (e.g., vincristine), may have side effects

such as pulmonary, cardiotoxicity, gastrointestinal

toxicity, cardiovascular toxicity, and nephrotoxicity,

hematologic toxicity (Kuroda et al. 2014).

After thorough investigation, it was shown that

natural compounds present in a variety of medicinal

plants had chemopreventive potential. These phyto-

chemicals, which can be directly used or modified

through physico-chemical processes, provide a signif-

icant source of potentially effective anticancer com-

pounds (Park et al. 2016).

Finding new anticancer drugs is crucial due to the

worldwide prevalence of cancer (Satheesh et al. 2011).

The use of plants to treat cancer has a long-standing

history, and numerous clinical studies have shown the

effectiveness of various natural chemicals, including

alkaloids, terpenes, phenols, and flavonoids (Nakahata

et al. 2011). Drugs with a natural origin, or natural

products, have been very important in treating human

diseases (Kumar et al. 2023). The use of willow

salicylates for pain relief and cinchona quinine for the

treatment of malaria constitute two examples of how

natural products have been essential in the treatment of

sickness. In India, it is estimated that there will be

679,421 cancer cases (94.1 per 100,000) among men

and 712,758 (103.6 per 100,000) among women in

2020, with lung cancer affecting 1 in 68 men, breast

cancer affecting 1 in 29 women, and 1 in 9 Indians

expected to experience cancer during their lifetimes

(Mathur et al. 2020). Chemoprevention employs drugs,

either synthetic or natural, to stop, slow down, or

reverse the carcinogenesis process (Paul et al 2021). In

addition to conventional treatments, the utilization of

natural products for therapeutic purposes is still the

most common.

Role of plants in cancer treatment

More than 60% of today’s anticancer medications

were in some manner derived from natural sources.

Natural substances with active chemical components

are abundant in nature and may be used to treat cancer

(Fig. 1) (Rayan et al. 2017). One approach for using

natural product medicines to treat cancer is described

below:

Extract

Plant extracts are sometimes used in cancer treatment,

particularly in Ayurveda therapy, although this

method is less common in allopathic medicine, where

the active ingredient must be identified and labeled.

Isolate

To comply with FDA (Food and Drug Administration)

regulations, most extracts are isolated to their active

ingredient for cancer treatment.

Semi-synthetic modification

After isolation, the active ingredients undergo semi-

synthetic modification to create a semi-synthetic

natural product for cancer treatment.

Synthetic modification

Recent advancements in synthetic chemistry and drug

design have made it possible to modify natural

products synthetically, which can be useful when the

natural product is in limited supply.

Formulation enhancements

Since many natural products are poorly soluble and

difficult to absorb through the GI tract, formulation

enhancements are being developed to make these

drugs more effective.

Conjugates

It is common to tag natural substances with mono-

clonal antibodies, and this method has been shown to

be effective in treating tumors and identifying their

epitopes.
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Combination therapy

Effective cancer chemotherapy often involves a com-

bination of several drugs, including those derived from

both natural and synthetic sources.

Plant derived cancer-prevention agents

The use of plant-derived medicines such as Vinblastine

(VBL), Vincristine (VCR), etoposide, paclitaxel, doc-

etaxel, topotecan, and irinotecan have become highly

Fig. 1 Extraction flow of phytochemicals from plants
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sought after and are among the most potent cancer

chemotherapeutics available in the market (Mishra

et al. 2014). Despite their toxicities, side effects, and

formulation issues like low solubility, these medicines

have been successful in treating cancer (Narvekar et al.

2014). The quest for anti-cancer medications derived

from plants was sparked in the 1950s by the discovery

and development of vinblastine, vincristine, and

podophyllotoxins. Since it took around 30 years for

novel chemotypes like taxanes and camptothecins to

develop into therapeutically useful medications, the

NCI (National Cancer Institute) of the United States

began a massive plant collection effort in 1960 as a

result of this (Ojo et al 2022).

Chemical diversification of natural products

The process of chemical diversification involves

modifying natural product extracts, which are com-

posed of complex molecules with various ring systems

and functional groups (Mishra et al. 2011). Functional

groups and new skeletons in a single step, increasing

the chemical diversity of natural goods (Grigalunas

et al. 2022). (Figs. 2, 3).

Anticancer drugs derived from plants in clinical

development

Vinca alkaloid

These are a vital category of drugs used to treat cancer.

These drugs work by disrupting the dynamics of

microtubules during cell division, leading to a specific

block in mitosis, which ultimately results in cell death

(Mukhtar et al. 2014). The Catharanthusroseus G.

Don (Apocynaceae), Madagascar periwinkle, is a

source of several Vinca alkaloids, including Vindesine

(VDS), Vincristine (VCR), Vinorelbine (VRLB),

Vinblastine (VBL), and Vincamine (Moudi et al.

2013).

Vinblastine Vinblastine (VLB) (Fig. 4a) is a

naturally existing potent substance present in the

Catharanthus roseus (L.) G. Don plant. It acts as a

stathmokinetic oncolytic drug, impeding the dynamic

movement of microtubules during cell division, and is

employed for the treatment of diverse cancer types and

other medical ailments (Dhyani et al. 2022). VLB is

known to have both suppressive and destructive effects

on microtubules, which can lead to side effects such as

thinning or brittle hair, sunburn, nausea, vomiting,

stomach discomfort, constipation, diarrhoea, jaw pain,

headaches, and other aches. VLB is employed in the

treatment of various tumor types, encompassing head,

breast, Letterer–Siwe disease, testicular cancer,

Kaposi’s sarcoma, Hodgkins and non-Hodgkins

lymphoma, as well as non-small cell lung cancer,

mycosis fungoides, bladder, neck, and cervical cancer.

Vincristine Vincristine (Fig. 4b), formerly referred

to as leurocristine and marketed as Oncovin, is a

derived from the Catharanthus roseus plant, which is

also recognized as Madagascar periwinkle or

Vincarosea. It is a chemotherapy drug that inhibits

Fig. 2 Chemical diversification from natural sources
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cell division by blocking the formation of

microtubules, which are part of the cytoskeleton and

mitotic spindle. This leads to cell cycle arrest in

metaphase, affecting Cells that are undergoing rapid

division including intestinal epithelium, bone marrow,

and cancer cells (Barrales-Cureño et al., 2019).

Vincristine commonly used in various chemotherapy

regimens to treat acute nephroblastoma, Hodgkin’s

lymphoma, lymphoblastic leukemia, non-Hodgkin’s

lymphoma, and other cancers (Skubnik et al. 2021).

Fig. 3 General derivatization of phenols

Fig. 4 Semi-synthetic derivatives of Vinca alkaloids a Vinblastine, b Vincristine, c Vinorelbine, d Vincamine, e Vindensine
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Vinorelbine Vinorelbine (Fig. 4c) is a partially

synthetic vinca alkaloid that is derived from

Catharanthus roseus, marketed as Navelbine by

Abbott Healthcare in India. It works by suppressing

mitosis during metaphase through tubulin-mediated

interaction with microtubular proteins in the mitotic

spindle (Klotz et al. 2012). Like other vinca alkaloids,

vinorelbine can affect various cellular processes,

including amino acid and nucleic acid synthesis,

respiration, and Ca2?-transport ATPase activity.

Vinorelbine is approved for the management of non-

small cell lung cancer, metastatic breast cancer, and

rhabdomyosarcoma (Bhambhani et al. 2021).

Vincamine Vincamine (Fig. 4d) belongs to the class

of monoterpenoidindole alkaloids. Although

Vincamine has pharmacological effects on both the

cardiovascular and central nervous systems, its

primary impact is on the blood vessels in the brain,

and it is commonly used to prevent and treat

cerebrovascular diseases, improve brain metabolism

and immune function, and aid in wound healing,

among other uses (Zhang et al. 2018).

Vindesine Vindesine (Fig. 4e), a Vinca alkaloid

derived from vinblastine, is utilized in the treatment

of acute lymphocytic leukemia, a prevalent type of

cancer. Its mechanism of action involves inhibiting the

mitotic activity of tubulin, thereby preventing cells

from entering metaphase mitosis. Vindesine

demonstrates significant efficacy in the treatment of

non-small cell lung cancer and resistant cases of

juvenile chronic lymphocytic leukemia, where

vincristine is not effective. In vitro tests have shown

that vindesine is about three times more potent than

vincristine and ten times more potent than vinblastine

(Dhyani et al. 2022). Vindesine exhibits a limited

production of post-metaphase cells and displays

potential in the treatment of patients who have

experienced a relapse after receiving vincristine

within a multi-agent therapy regimen (Qin et al. 2022).

Epipodophyllotoxin

Epipodophyllotoxin is a cytotoxic chemical com-

pound with notable research focusing on podophyllo-

toxin and its semi-synthetic derivatives, such as

teniposide, etoposide phosphate, etoposide, and

among lignans. These derivatives have garnered

significant interest due to their therapeutic potential,

particularly in the treatment of lung cancer(Ma et al.

2006). Podophyllotoxin, which is plentiful inpodo-

phyllin, obtained from Podophyllumpeltatum L. or P.

emodi Wall, plays a crucial role in this context

(Ardalani et al. 2017).

Etoposide Etoposide phosphate (Fig. 5a) is an anti-

cancer medication that hinders the activity of the

topoisomerase II, responsible for DNA unwinding and

re-ligation. It achieves this by forming a ternary

complex with both topoisomerase II and DNA,

thereby impeding the re-ligation of DNA strands. As

a result, DNA breakage occurs (Montecucco et al.

2015). This drug is commonly used in the treatment of

various types of cancer, including, lung cancer,

Ewing’s sarcoma, testicular cancer, lymphoma,

Kaposi’s sarcoma and glioblastoma multiforme,

nonlymphocytic leukemia. Etoposide also finds

application in a conditioning regimen prior to a bone

marrow or blood stem cell transplant (Chakarov et al.

2014).

Teniposide Teniposide (Fig. 5b), a semi-synthetic

derivative of podophyllotoxin, possesses anticancer

characteristics by inhibiting DNA synthesis. It

achieves this by binding to both topoisomerase II

and DNA, resulting in the formation of a complex that

triggers double-stranded DNA breaks and impedes

their repair. As a consequence, cells are unable to

complete the mitotic phase, ultimately leading to cell

death. The drug’s efficacy is particularly

notable during the G2 and S stages of the cell cycle

(Liscano et al. 2020). Teniposide has been found to

cause myelosuppression when used in conjunction

with other chemotherapy agents, and common adverse

effects encompassing, gastrointestinal toxicity,

alopecia and hypersensitivity reactions. Teniposide

is frequently used in chemotherapy for tumors such as

paediatric acute lymphocytic leukaemia (Skok et al.

2019).

Taxanes

Paclitaxel, which is derived from the Pacific Yew

tree’s bark and commonly known as Taxol, is a natural

substance that serves as the model taxane. Docetaxel is

a semi-synthetic form of paclitaxel. Taxanes, includ-

ing docetaxel, enhance the stability of microtubules,
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leading to the prevention of chromosomal separation

during the anaphase stage (Mikuła-Pietrasik et al.

2019).

Paclitaxel Paclitaxel (Fig. 6a) is a chemotherapy

agent that affects the usual functioning of microtubule

growth by binding to the tubulin subunit. This

interaction leads to the formation of a

stable complex between paclitaxel and microtubules,

preventing their disassembly. This negatively impacts

how cells operate since microtubules must shorten and

lengthen to serve as the cell’s transportation system.

Fig. 5 Semi-synthetic derivatives of Epipodophyllotoxin a Etoposide, b Tenioposide

Fig. 6 Semi-synthetic derivatives of Taxanes a Paclitaxel, b Docetaxel
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Additionally, paclitaxel has demonstrated the ability

to induce programmed cell death, known as apoptosis,

in cancer cells. It achieves this by binding to the

apoptosis inhibitor protein Bcl-2, inhibiting its normal

activity and promoting apoptosis in the cancer cells

(Leung and Cassimeris 2019). Paclitaxel is approved

in the United kingdom for the treatment of lung

malignancies, Kaposi’s sarcoma, breast, and ovarian,

and should be available after anthracyclic

chemotherapy fails to cure advanced breast cancer

(Farrar and Jacobs 2019).

Docetaxel Docetaxel (Fig. 6b) is a chemotherapy

medication that acts by impeding the disassembly of

microtubules within cells. This disruption leads to the

accumulation of microtubules, ultimately initiating

the process of apoptosis, or programmed cell death

(Mukhtar et al. 2014). Docetaxel exhibits more

cytotoxicity than paclitaxel and is more effective

against various cancer cells when used alongside other

anti-cancer drugs. It is known to have negative

outcomes on hematology, such as neutropenia,

anemia, febrile neutropenia, and thrombocytopenia.

Clinical studies have provided evidence of the

cytotoxic effects of docetaxel against specific targets

liver, head, breast, lung, melanoma, prostate, renal,

gastric, ovarian, neck and colorectal cancers

(Whitaker and Placzek 2019). It is marketed as

Taxotere and is primarily used to treat non-small cell

malignancies of the breast, prostate, and other organs.

Camptothecins

Camptothecins are cytotoxic quinoline alkaloids that

exhibit inhibitory effects on the DNA enzyme topoi-

somerase I (topo I). The discovery of camptothecin

was made by M. E. Wall and M. C. Wani in 1966

during their exploration for potential anticancer com-

pounds derived from natural sources. It was isolated

from the Chinese tree Camptotheca acuminata, com-

monly referred to as the ‘‘happy tree,’’ which has been

traditionally utilized in Chinese medicine for the

treatment of cancer (Martino et al. 2017).

Topotecan A camptothecin derivative that is

commonly used in chemotherapy is topotecan

(Fig. 7a), also known as Hycamtin. Topotecan is

water-soluble and shares the same mode of action as

irinotecan. The cytotoxic effects of camptothecins

occur specifically during the S-phase by blocking the

repair of single-strand breaks in DNA that are caused

by topoisomerase I (Amjad et al. 2020). Consequently,

the inability of mammalian cells to repair the double-

strand breaks caused by camptothecins ultimately

triggers apoptosis, a process of programmed cell

death.

Irinotecan-HCL Irinotecan (Fig. 7b) is an anti-

cancer medication utilized for the treatment of

colorectal cancer. It functions by inhibiting enzymes

that have anti-tumor effects. It is sold under different

brand names including Camptosar, CP0,

IRINOTECAN, and CPT-11. Its mode of action

involves binding to topoisomerase I and preventing

it from functioning, resulting in the creation of a

ternary complex that interferes with the replication

fork as it moves. This causes double-stranded DNA

breakage and replication arrest, leading to

programmed cell death due to ineffective DNA

damage repair (Kciuk et al. 2020). The drug may

cause side effects such as gastrointestinal issues,

including infection, diarrhea, abdominal cramps,

nausea, and vomiting. In combination with cisplatin,

irinotecan is employed to treat advanced small cell

lung cancer. Patients who are hypersensitive to the

medication or its ingredients should avoid using

irinotecan hydrochloride trihydrate for injection

(Cinausero et al. 2017).

Fig. 7 Semi-synthetic derivatives of Camptothecins a Topote-

can, b Irinotecan-HCL
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Cephalotaxanes

Cephalotaxanes (Fig. 8) refer to a versatile group of

phytochemicals that have been found to be effective

against various types of cancer such as stomach and

lung carcinoma. These compounds function by hin-

dering the synthesis of proteins and targeting specific

molecular processes. They do not affect the elongation

of new peptide chains. Harringtonine, a potential anti-

cancer alkaloid, is derived from the Cephalotaxus

plant species, including C. harringtonia and C. fortune

(Lichota and Gwozdzinski 2018).

Homoharringtonine Homoharringtonine, an alkaloid

extracted from Cephalotaxus harringtonia, is being

studied as a treatment for haematological tumours. Also

known as omacetaxine mepesuccinate or Omapro,

ChemGenex is currently developing irinotecan, which

has been granted orphan drug status in both the United

States and Europe. Omacetaxine works by preventing

the production of specific proteins, especially Mcl-1,

which leads to apoptosis. It is different from tyrosine

kinase inhibitors like imatinib and may be more

effective in individuals who have become resistant to

this type of treatment. Nausea, diarrhea, fever vomiting,

and reversible heart muscle toxicity has been observed

in some cases. Omacetaxine is used to treat various

cancers, including sarcoma, breast cancer, endometrial

and ovarian cancer, solid tumors, acute promyelocytic

blood cancer, myelodysplastic syndrome, chronic

myeloid blood cancer (Lü and Wang 2014).

Flavones

Flavones have gained significant attention in recent

years as a potential therapy for various cancers such as

prostate, ovarian, breast, cervical, and pancreatic

cancers, among others, through extensive research

and the development of synthetic equivalents (Batra

and Sharma 2013).

Flavopiridol Rohitukine, a chromane alkaloid

originally discovered in Amoorarohituka (Roxb.)

Wight & Arn. And Dysoxylum binectariferum Hook.f.

plants belonging to the Meliaceae family, has been

extensively investigated for its therapeutic potential.

Ongoing clinical trials are assessing the efficacy of

alvocidib, also known as flavopiridol (Fig. 9) or HMR-

1275, a cyclin-dependent kinase inhibitor, in the

treatment of chronic lymphocytic leukemia.

Additionally, flavopiridol has been studied as a

potential therapy for arthritis. Encouraging results

were observed in a phase I/II clinical trial where

flavopiridol demonstrated positive outcomes for

treating diffuse large B-cell lymphoma or recurrent

mantle cell lymphoma. Its mode of action involves the

inhibition of cyclin-dependent kinases, leading to

apoptosis and impeding the division of non-small lung

cancer cells. The main adverse effects under

investigation include secretory diarrhea and a

proinflammatory syndrome associated with

hypotension. Flavopiridol is currently being

researched for potential application in the treatment of

Fig. 8 Cephalotaxanes Fig. 9 Flavopiridol
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lymphoid leukemia, lung and liver carcinoma, and

lymphoma (Cuneo et al. 2019).

Stilbenes

Stilbenes are employed in human adenocarcinoma

cells to induce apoptosis and modulate multidrug

resistance (Wesołowska et al. 2010).

Combretastatin A subclass of natural stilbenoid

phenols are the combretastatins. The South African

Bush Willow plant, Combretumcaffrum, produces a

range of natural combretastatin compounds in its bark.

The capacity of combretastatin family members to

impair tumour vascularity varies. In reference to the

previously identified vascular disrupting substance

colchicine, combretastatin attaches to the -subunit of

tubulin at a location known as the colchicine site.

Microtubule production in cancer cells is suppressed by

tubulin polymerization (Karatoprak et al., 2020).

Several clinical trials are currently underway to

investigate the therapeutic potential of combretastatin

A-4, which is regarded as the most potent naturally

occurring compound in the combretastatin family.

These trials also include the phosphate prodrug of

combretastatin A-4 (CA-4-P) and other analogues such

as ombrabulin. One notable phase III clinical trial

involving 180 patients is evaluating the effectiveness of

CA-4-P in combination with carboplatin for the

treatment of anaplastic thyroid cancer was started by

the pharmaceutical company OXiGENE in July 2007.

There is presently no therapy for this type of cancer that

the FDA has completely authorised. High blood

pressure appears to be combretastatin’s primary

adverse impact. Drugs were used to treat this in the

ovarian cancer study. Low blood counts and hair loss

are other effects. Women of reproductive age should

not take combretastatin A-2 (Randall and Monk 2010).

Colchicine

Colchicine, a bioactive compound found in the

Colchicum autumnale plant family, has been

researched for its potential to treat various conditions

including cirrhosis, gout, and crystal arthritis (Dasgeb

et al. 2018). Its mechanism of action involves

promoting apoptosis, stabilizing microtubule produc-

tion, binding permanently to tubulin, and arresting the

cell cycle. However, its lack of selectivity can lead to

unwanted effects on normally dividing cells. Semi-

synthetic derivatives of colchicine have been devel-

oped to target a wider range of malignancies, but

caution is advised due to the hazards associated with

its use in cancer treatment. Gloriosasuperba has been

identified as a significant source of colchicine in

tropical regions (Ben-Chetrit 2019).

Elliptine

Ellipticine, a naturally occurring anticancer agent

obtained from various parts of plants such as Bleek-

eriavitensis and Ochrosiaelliptica, along with isore-

serpiline, formerly known as elliptine. The alkaloids

are present in other members of the Apocynaceae

family such as Aspidosperma and Ochrosia. Ellip-

ticine exerts its effects on DNA primarily through two

mechanisms: inhibition of topoisomerase II activity

and intercalation with DNA, thereby impeding its

proliferation. It is an effective treatment for various

cancers, including ependymoblastoma, leukaemia,

myeloma, melanoma, breast, and colon. Ellipticine

also inhibits CDK2 kinase and prevents the phospho-

rylation of the p53 protein, making it useful in treating

human lung and colon cancer. Elliptinium, a deriva-

tive of ellipticine, is currently undergoing clinical

trials in France to assess its potential as an anticancer

agent (Mazumder et al. 2022).

Berberine

Berberine, a potent anti-cancer agent, is sourced from

the roots and rhizomes of plants such asBerberis

vulgaris, Tinosporacordifolia, Rhizomacoptidis and

Berberisaquifolium. Its therapeutic effectiveness has

been demonstrated in various cancer types, including

breast, prostate, and colorectal cancers. It achieves this

through multiple mechanisms, including the promo-

tion of apoptosis and cell cycle arrest in the G2/M

phase. Furthermore, berberine inhibits anti-apoptotic

proteins such as c-IAP1 and Bcl-2 while activating

pro-apoptotic proteins like p21, p53, caspase-3, and

caspase-9 (Rauf et al. 2021).

Terpenoid acid

Terpenoid acid, a natural phytomolecule, possesses

significant anticancer properties. Extensive studies

have demonstrated its efficacy in the treatment of
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leukemia, pancreatic cancer, and breast cancer both

In-vitro and In-vivo. Additionally, other anticancer

drugs like CDDO (2-cyano-3, 12-dioxoolean-1,

9-dien-28-oic acid) and its methyl ester have exhibited

promising responsiveness against ovarian cancer.

Another triterpenoid called betulinic acid has been

identified in betulaceous plants such as Ziziphusmau-

ritiana, Ziziphusrugosa, Ziziphusoenoplia, and Betula

sp. This compound has shown cytotoxic effects

against various types of cancer, including human

melanoma (Lee et al. 2019).

Capsaicin

Capsaicin, a natural compound found in red peppers,

has demonstrated powerful anti-metastatic, anti-an-

giogenic, antimutagenic, chemopreventive and anti-

cancer effects on various types of cancer cells,

including bladder, pancreatic, endothelial, prostatic,

skin, leukaemia, lung, liver, and colon cells. Capsaicin

has demonstrated the ability to modulate several

molecular targets associated with breast cancer, such

as Caspase-3, ROS (reactive oxygen species), Rac1,

and HER-2. Its effectiveness is further enhanced when

apoptosis is induced in the presence of the p53 gene

product, commonly referred to as the ‘‘Grandfather of

the Genome’’. In breast cancer, capsaicin triggered

apoptosis for activating the Rac1, ROS pathways. The

proteins c-Jun N-terminal protein kinase-1 and p38 are

primarily responsible for inducing these pathways

(Sarkar et al. 2015).

Cyanidin glycosides

Cyanidin glycosides, organic compounds present in a

variety of fruits and vegetables like grapes, blackber-

ries, and red cabbage, possess notable antioxidant

properties and the ability to hinder cell growth and

division. Extensive studies have revealed that cyanidin

glycosides can induce apoptosis in prostate cancer

cells, suppress the expression of the COX-2 enzyme in

colon cancer, and decrease the production of enzymes

like MMP-9 and Erk in gastric cancer cells. Another

potent natural substance, saffron, contains carotenoids

such as crocin and crocetin, which have demonstrated

inhibitory effects on iNOS and COX-2 enzymes, the

ability to induce apoptosis, and control various cellular

factors associated with cancer growth. Epigallocate-

chin, a polyphenolic compound found in green tea, has

been found to restore tumor suppression genes

expression in breast cancer and inhibit the activity of

PI3K kinase domain in various cancers (Jain et al.

2022).

Saffron

Saffron, also known as Crocus sativus L., is a spice

containing abundant carotenoids such as crocin,

crocetin, and safranal, which possess powerful bio-

logical properties. Additionally, saffron demonstrates

inhibitory effects on iNOS (inducible nitric oxide

synthase) and COX-2 (cyclooxygenase-2) enzymes,

which are associated with inflammation and cancer

promotion. These actions contribute to saffron’s

potential as a valuable agent in cancer prevention

and treatment, reducing serum levels of cytokines like

IL- and TNF-, regulating the cell cycle by controlling

cyclins and cdks, upregulating the Bax/Bcl-2 ratio,

controlling the expression of caspases, downregulat-

ing the expression of MMPs, inducing apoptosis,

targeting microtubules, and inhibiting invasion and

metastasis (Ahmed et al. 2020).

Epigallocatechin

Epigallocatechin, a prominent polyphenolic com-

pound found in green tea, possesses remarkable

properties in restoring the expression of tumour

suppressor genes like retinoid X receptor alpha. This

is achieved by its interaction with several high-affinity

target proteins, including Zap-70. Consequently, epi-

gallocatechin contributes to the inhibition of breast

cancer. Moreover, it demonstrates ATP-competitive

activity against the active site of the PI3K kinase

domain in different cancer types, such as MDA-MB-

231, cervical cancer, brain cancer, and bladder cancer.

Molecular docking studies have provided validation

for these findings, highlighting the potential of

epigallocatechin as a therapeutic agent in the battle

against various cancers (Negri et al. 2018).

Gingerol

Ginger is a natural source of gingerol, a group of

bioactive compounds that exhibit potent anti-cancer

effects against breast, colon, pancreatic, and ovarian

cancers. These compounds function by inhibiting the

nuclear translocation of NF-B and the phosphorylation
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of IB, which subsequently leads to a decrease in the

expression of iNOS and TNF-alpha. Furthermore,

gingerol induces apoptosis in leukemia cells through

the mitochondrial pathway. Among the different types

of gingerol, (Ashraf 2020)-gingerol stands out for its

remarkable anti-cancer potential, particularly in the

treatment of breast cancer. Its inhibitory effects on

cancer cells are attributed to several factors, including

the suppression of cell division, cell cycle arrest,

increased apoptosis, and the release of pro-apoptotic

mitochondrial cytochrome c. Numerous studies have

shed light on the mechanisms of gingerol’s action on

various cancer cells, including K562 cells and MOLT4

cells with heightened levels of reactive oxygen species

(Mao et al. 2019).

Lycopene

Lycopene, a vibrant red pigment found in tomatoes,

watermelons, red papayas, and red carrots, possesses

notable anticancer properties. It exhibits remarkable

effectiveness in targeting the PI3K/Akt signaling

pathway, specifically in pancreatic and stomach

cancer. In addition, lycopene enhances the activity

of antioxidant enzymes such as GSH, GST, and GPxn,

which play a crucial role in eliminating oxidative

damage caused by carcinogens in breast, endometrial,

prostate, and colon cancer. Lycopene influences

multiple cellular signaling pathways, including NF-B

and JNK, which affect cell proliferation and progres-

sion. This has been demonstrated in HT-29 colorectal

cancer cells and animal models. By inhibiting NF-B

and JNK activation, lycopene not only impedes

invasion, metastasis, and proliferation in human

SW480 colorectal cancer cells but also exhibits anti-

inflammatory effects by suppressing the production of

COX-2, iNOS, IL-1, IL-6, and TNF-a. (Trejo-Solı́s

et al. 2013).

Vitamin D from mushrooms

Mushrooms that have been exposed to ultraviolet B

(UVB) light are a rich source of vitamin D, which has

been shown to possess anti-cancer properties against

colon, breast, pancreatic, and ovarian cancer. Vitamin

D targets various proteins, enzymes, and signaling

pathways involved in cancer development and pro-

gression. Furthermore, vitamin D derived from UVB-

exposed mushrooms has been found to inhibit tumor

growth and metastasis while promoting apoptosis, the

programmed cell death of cancer cells (Cardwell et al.

2018).

Mushroom polysaccharides

Mushrooms are known to contain biologically active

polysaccharides in both their fruiting bodies and

mycelial mass. These polysaccharides have demon-

strated immune cell-mediated anticancer properties

and the ability to inhibit carcinogenesis. Specific

mushroom polysaccharides, such as glucans, lentinan,

tegafur, tegafur combined with lentinan, and schizo-

phyllan, have been utilized in the treatment of lung,

breast, and gastric cancers. These polysaccharides

have shown various beneficial effects, including

boosting cellular immunity, inducing apoptosis, pre-

venting invasion and metastasis, activating macro-

phages, and acting as T-cell adjuvants. Moreover, they

can influence gene expression of cytokines and

improve survival rates in patients with head and neck

cancer. Mushroom dietary fibers have also been

observed to exhibit potent anticancer effects against

different types of cancer by targeting diverse cellular

pathways (Jeon and Shin 2018). The cell walls of

mushrooms are rich in high molecular weight compo-

nents that have the ability to absorb chitin, homo- and

heteropolysaccharides, heavy metals, and other can-

cer-causing compounds. These components have

demonstrated potent anticancer properties against

various types of cancer and are currently being

investigated for their potential applications in phar-

maceuticals and protein engineering. Among the

bioactive components found in mushrooms, mush-

room proteins have garnered significant research

attention. Several mushroom species, including Poly-

porusadusta, Ganodermacarpense, Pleurotusostrea-

tus, Pleurotuseryngii, Pleurotusnebrodensis, Amanita

phalloides, and Calvatiacaelata, have been identified

as containing effective anticancer substances, partic-

ularly for the treatment of lung cancer. For instance,

extracts from Ganodermalucidum have shown signif-

icant reductions in the production of MMP-2, MMP-9,

IL-6, and IL-8 in triple negative breast cancer cells.

Chemical compounds derived from mushrooms, such

as polysaccharopeptide, have also exhibited anti-

cancer properties by increasing the ratio of CD4?/

CD8?/CD14?/CD16 T lymphocytes, enhancing the

quantity and percentage of B lymphocytes and CVP,
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and inducing apoptosis and cell cycle arrest (Panda

et al. 2022).

Vitamin E

Vitamin E is a group of compounds consisting of

tocotrienols and tocopherols, known for their anti-

tumor properties. These fat-soluble antioxidants can

be found in oils derived from wheat, safflower,

sunflower, and germ. Scientific research has provided

evidence that both tocopherols and tocotrienols pos-

sess anti-cancer effects, demonstrating proapoptotic

and anti-proliferative actions in both in vitro and

in vivo experiments (Rizvi et al. 2014).

Fisetin

Fisetin, a flavonoid naturally occurring in various

plant species like grapes, strawberries, apples, and

onions, has been extensively studied for its potential as

an anticancer agent. Scientific investigations have

revealed that fisetin exhibits several beneficial effects,

including the induction of apoptosis and inhibition of

proliferation and migration in human colon cancer

cells. It has also demonstrated promising results in the

treatment of human lung cancer by blocking the PI3K

and Akt signaling pathways and inhibiting the growth

of different cancer cell types. Furthermore, fisetin has

shown the ability to induce apoptosis in human lung

cancer cells by inhibiting the MAPK signaling path-

way and reducing the production of reactive oxygen

species (ROS) in human oral cancer. In human renal

carcinoma Caki cells, fisetin has been found to

increase the expression of DR5, leading to apoptosis

(Rizvi et al. 2014).

Resveratrol

Resveratrol, a polyphenol naturally found in sources

like grapes, blueberries, bilberries, peanuts, and mul-

berries, has been extensively studied for its potential in

treating various cancers, including breast, colorectal,

liver, pancreatic, prostate, and lung carcinoma. Its

therapeutic effects are attributed to its ability to

modulate the expression of several proteins involved

in cancer progression. Resveratrol up-regulates p53

and Bcl-2 associated X proteins while down-regulat-

ing proteins such as MMPs, NF-B, AP-1, Bcl-2,

cyclins, cyclin-dependent kinases, cytokines, and

COX-2. Additionally, it has been observed to suppress

the activity of VEGF protein by reducing MAP kinase

phosphorylation (Shrikanta et al. 2015).

Anti-cancer agents from blue green algae

Blue-green algae, commonly found in marine envi-

ronments, offer a diverse range of anticancer com-

pounds that can activate various signaling pathways,

including protein kinase-c enzymes, NF-B, MAPK

kinases, p53, cytokine release, and ROS creation, or

induce apoptosis. Many of these algae have been

extensively studied for their chemical constituents

with potential anticancer properties. For instance,

Curacin-A from Lyngbya majuscule and Calothrixin

A (I) and B (II) from Calothrix cell extracts exhibit

strong antiproliferative effects and have shown

promise in inhibiting colon, kidney, and breast cancers.

Another compound, cryptophycin 1 (GSV 224),

isolated from a species of Nostoc, has been tested

against human solid tumors and yielded encouraging

results. Edible seaweeds, including Padinaboergeseni,

Ulvareticulata, Gracilariafoliifera, Palmariapalmata,

Acanthophoraspicifera, Sargassumthunbergii, Asco-

phyllumnodosum, and Eclonia cava, have also demon-

strated anticancer properties and have been utilized in

the treatment of kidney cancer, amyloid adenocarci-

noma, and colon adenocarcinoma, human nasopha-

ryngeal and colorectal cancer, among others.

Additionally, cyanobacteria like Spirulinaplatensis

produce beneficial compounds such as phycobilipro-

teins (including c-phycocyanin, phycocyanobilin, and

allophycocyanin) and have shown potential in com-

bating various human diseases, including liver, lung,

stomach, and breast cancer (He et al. 2022).

Apigenin

Apigenin (APG) is a flavonoid that is naturally present

in a variety of fruits and vegetables, including celery,

parsley, and chamomile. It exhibits potent anti-cancer

properties while demonstrating low toxicity and non-

mutagenicity. APG has been shown to specifically

target the leptin/leptin receptor pathway in lung

cancer. In addition, it inhibits the STAT3 signaling

pathway, promotes caspase-dependent extrinsic apop-

tosis, and disrupts the phosphorylation of JAK2 and

STAT3 pathways. These effects have been observed in
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the treatment of MDA-MB-453 breast cancer cells

(Javed et al. 2021).

Elemene

Elemene, a sesquiterpene derived from Curcuma

wenyujin, has emerged as a promising anticancer

agent capable of exerting multiple effects on drug-

resistant cancers. This natural compound, a key

component of traditional Chinese medicine, exhibits

inhibitory activity against various types of cancers,

induces apoptosis and cell death, reduces Akt phos-

phorylation and CD34 expression, suppresses the

PI3K/Akt/mTOR and MAPK pathways, and attenu-

ates angiogenesis, and upregulates E3 ubiquitin

ligases Cbl-b and c-Cbl in human gastric cancer.

Furthermore, it has been shown to inhibit the expres-

sion of VEGF, a crucial factor in cancer progression

(Li et al. 2022).

Chalcone

Chalcone, a naturally occurring flavonoid found in a

variety of fruits and vegetables, exhibits potent

anticancer properties. It functions by activating mul-

tiple caspases, including caspase-8, 9, and 12, which

play crucial roles in the apoptotic pathway. Moreover,

chalconeupregulates the expression of pro-apoptotic

proteins like Bid, Bax, and Bak, while downregulating

the expression of anti-apoptotic Bcl-2 genes. These

mechanisms contribute to its effectiveness in treating

various cancers, including colon, lung, breast, liver,

and prostate cancer. Chalcone specifically targets

nuclear and cellular components such as Bax, Bid, and

Bak proteins, Bcl-2 proteins, as well as caspase-8, 9,

and 12 enzymes to induce apoptosis and inhibit cancer

growth (Michalkova et al. 2021).

Sesquiterpene lactones

Sesquiterpene lactones are naturally occurring bioac-

tive compounds that can be found in various plant

families, with a notable presence in the Asteraceae

family. These compounds have shown significant

potential in the treatment of different types of cancers,

including liver, lung, breast, prostate, and esophageal

cancers. Among the sesquiterpene lactones, deoxyele-

phantopin and isodeoxyelephantopin, derived from

Elephantopuscarolinianus and Elephantopusscaber,

have exhibited remarkable apoptotic effects through

diverse mechanisms. These mechanisms include the

generation of reactive oxygen species (ROS), disrup-

tion of mitochondrial function, modulation of Bcl-2

family proteins, cell cycle arrest, inhibition of NF-B

signaling pathway, and activation of STAT3. By

inducing ROS, deoxyelephantopin and isodeoxyele-

phantopin promote oxidative stress, leading to apop-

tosis in cancer cells. Furthermore, they interfere with

mitochondrial function, affecting the energy metabo-

lism and promoting apoptotic pathways. The modula-

tion of Bcl-2 family proteins by these sesquiterpene

lactones also plays a significant role in apoptosis

induction. They can alter the balance between pro-

apoptotic and anti-apoptotic proteins, triggering the

apoptotic cascade (Moujir et al. 2020).

Chrysin

Chrysin, also referred to as 5, 7-dihydroxyflavone, is a

powerful anti-cancer compound naturally present in

various sources, including propolis, honey, blue

passion flower, and chamomile. Studies have shown

that chrysin exhibits remarkable anti-cancer effects

with minimal adverse reactions in cancer cell lines

such as DU145 and PC-3. The efficacy of chrysin in

combating cancer is attributed to several mechanisms.

It has been observed to induce DNA fragmentation

and cell death specifically in SW480 colorectal cancer

cells. Moreover, chrysin has the ability to arrest the

cell cycle at the G2/M phase, thereby impeding cancer

cell proliferation. Additionally, chrysin reduces lipid

peroxidation, protecting cells from oxidative damage.

Another key mechanism through which chrysin exerts

its anti-cancer effects is the activation of MAPK

signaling pathways, including ERK1/2 and P38 pro-

teins, in prostate cancer cells (Abotaleb et al. 2018).

Scutellarin

Scutellarin, a potential anti-cancer medication, is

naturally present in Scutellaria barbata and Scutellaria

altissima, two medicinal plants renowned for their anti-

tumor properties against various malignancies, includ-

ing colon, liver, and prostate cancer. In prostate cancer,

scutellarin has been demonstrated to impede cancer

cell growth, induce cell cycle arrest specifically in the

G2/M phase, and enhance the expression of caspase-3,

caspase-9, and the Bax/Bcl-2 ratio. These effects
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collectively promote apoptosis and hinder the progres-

sion of prostate cancer cells. Similarly, in liver cancer

(HepG2 cells), scutellarin exhibits its anti-cancer

potential by activating the caspase-3 enzyme and

initiating the STAT3 signaling cascade, which ulti-

mately leads to apoptosis. By modulating these cellular

pathways, scutellarin effectively combats liver cancer

cells through the regulation of the p53 gene product.

This demonstrates its efficacy in targeting colorectal

cancer and influencing critical cellular processes

involved in cancer progression (Sun et al. 2022).

Oroxylin

Oroxylin A, a flavone compound, shows promise as an

anti-cancer agent with its ability to regulate gene

expression and inhibit key cellular pathways. It

achieves its anticancer effects by downregulating the

expression of COX-2 and iNOS genes, both of which

are associated with cancer development and progres-

sion. Furthermore, Oroxylin A acts by blocking NF-B

and preventing the degradation of I-B, which effec-

tively inhibits the activation of NF-B induced by LPS

(lipopolysaccharide). This inhibition of NF-B activity

is crucial in suppressing the inflammatory response

and other processes involved in cancer growth and

metastasis. Notably, Oroxylin A is often used in

combination with 5-FU (5-fluorouracil), a commonly

used chemotherapy drug for colorectal cancer. This

combination treatment approach has shown promise in

reducing the required dosage of 5-FU and minimizing

associated adverse effects in in vivo studies (Chen

et al. 2000).

Kaempferol

Kaempferol, a naturally occurring compound, exhibits

strong anticancer properties and can be derived from

different sources like propolis, black tea, grapefruit,

and broccoli. It has demonstrated notable potential in

combating various types of cancer cells, including

colorectal cancer and HT-29 cancer cells. One of the

mechanisms through which kaempferol exerts its

antitumor effects is by increasing the expression of

the caspase-3 enzyme, which plays a crucial role in

promoting apoptosis, or programmed cell death.

Moreover, kaempferol also upregulates the p53 gene

and its associated products, which are known for their

tumor-suppressive functions (Imran et al. 2019).

Genistein

Genistein, an isoflavone found in soy, lentils, beans,

and chickpeas, has emerged as a powerful compound

in the fight against cancer. Extensive research has

highlighted its significant anticancer properties, par-

ticularly in the context of colorectal cancer. One of its

primary mechanisms of action is the promotion of

apoptosis, or programmed cell death. Genistein exerts

its anticancer effects by upregulating the production of

pro-apoptotic proteins, including Bax and p21. These

proteins play crucial roles in triggering the apoptotic

process, leading to the elimination of cancer cells.

Additionally, genistein acts by inhibiting NF-jB, a

transcription factor involved in inflammation and

cancer progression. By blocking NF-jB, genistein

helps suppress the growth and survival of cancer cells

(Banerjee et al. 2008).

Silymarin

Silymarin, a flavonoid derived from Sylibummari-

anum, is composed of various flavolignans, including

Silydianin, Silychrystin, Silybin A and B, and Isosily-

bin A and B. When used in conjunction with paclitaxel

and doxorubicin, silymarin has demonstrated effec-

tiveness in treating colorectal cancer. Its mode of

action involves inducing cell cycle arrest and facili-

tating apoptosis by inhibiting the activity of cyclin-

dependent kinases (CDKs) (Bijak 2017).

Ursonic acid

Ursonic acid, a triterpene present in various plants like

rosemary and basil, is known for its antioxidant

properties. Notably, it displays a unique characteristic

of exerting pro-oxidative effects specifically on cancer

cells while maintaining the redox balance in normal

cells. Moreover, ursonic acid has been found to exhibit

pro-apoptotic properties in colorectal cancer, particu-

larly in the HCT116 cell line. It achieves this by

reducing the expression levels of pro-inflammatory

NF-B cytokines, survival factors such as Bcl-2, and

pro-metastatic MMP-9 matrix metalloprotease (Son

and Lee 2020).
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Ginsenosides

The medicinal properties of ginseng root are attributed

to a group of active compounds called ginsenosides.

Extensive research has revealed that these ginseno-

sides possess cancer-preventive effects against various

types of cancer, including colon, liver, breast, ovarian,

gastric, and melanoma. The major ginsenosides,

namely Rb1, Rb2, Rc, Rd, Re, and Rg1, constitute

approximately 80% of the ginsenosides found in

ginseng root. On the other hand, minor ginsenosides

such as Rg3(S), Rh2(S), F2, compound K (C-K),

Rg2(S), Rh1(S), F1, protopanaxatriol, and gypenoside

XVII have shown antagonistic interactions. Recently,

a potent anti-cancer compound called panaxadiol has

been identified in Panax ginseng and Panaxpseudo-

ginseng. This compound exhibits significant anti-

cancer activity in multiple cancer cell lines and targets

various signaling pathways. Additionally, ginseno-

sides like Rg3 and Rg5 have been found to induce

apoptosis in the HCT116 cell line by inhibiting the

expression of NF-B. Furthermore, the metabolite of

protopanaxadiol has been shown to enhance the

effects of 5-FU on HCT116 cells by arresting the cell

cycle at the G1 phase and promoting apoptosis

(Redondo-Blanco et al., 2017).

Celastrol

Celastrol, derived from the bark of Tripterygiumwil-

fordii, is a potent and highly effective anticancer

compound. Its mechanism of action involves the

inhibition of heat shock proteins, which leads to

apoptosis mediated by the caspase-3 enzyme in

various cancers such as ovarian (OVCAR-8), colon

(SW620), lung (95-D), and prostate cancer. In acute

myelogenous leukemia 1-ETO/C-KIT, celastrol

induces apoptosis and reduces the expression of

oncoproteins. Furthermore, celastrol has shown pro-

mise in the treatment of lung cancer cells by inducing

caspase-dependent pathways and degrading Hsp90

client proteins. Studies conducted on different cancer

types and animal models have demonstrated that

celastrol induces apoptosis, cell cycle arrest, and

autophagy by activating the ROS/c-JNK signaling

pathway. It also exhibits anti-angiogenic effects,

inhibits invasion, and upregulates death receptors

(Chang et al. 2023).

Gossypol

Gossypol, a natural phytochemical present in Thespe-

siapopulnea and cotton seeds (Gossypium), has

demonstrated promising results in phase II clinical

trials as a treatment for breast and prostate cancer. Its

effectiveness as an anticancer agent has been evalu-

ated across different tumor types, including lymphoid,

hematologic, and solid tumors. In particular, gossypol

has shown inhibitory effects on the growth of

colorectal cancer cell lines such as HT-29, HCT116,

and RKO. Additionally, it has been observed to induce

autophagy and promote cell death in these cell lines

(Pal et al. 2022).

Plant polysaccharides

For many years, plant-derived polysaccharides have

been employed in the treatment of various cancer

types, including liver cancer (HepG2 cells), lung

cancer (A549 and HL-60 cells), human lymphatic

endothelial cancer (HLEC), ovarian cancer, and lung

cancer (H157 cells). The potent anticancer properties

of polysaccharides extracted from medicinal plants

have attracted significant interest due to their non-

toxic nature. Both in vitro and in vivo studies have

consistently shown that these plant polysaccharides

can induce cell cycle arrest and apoptosis. Moreover,

they have demonstrated efficacy in suppressing the

growth of different types of cancers (Xie et al. 2018).

Isothiocyanates

Isothiocyanates, bioactive compounds commonly

found in cruciferous vegetables such as broccoli and

watercress, have been extensively investigated for

their potential as anti-cancer agents. They offer

promising therapeutic benefits in the treatment of

various cancers, including cervical, prostate, lung, and

colorectal cancer, without causing adverse effects.

These natural compounds possess the ability to inhibit

cancer cell proliferation, invasion, and progression

through different mechanisms, including apoptosis

induction and ROS-mediated processes. They also

have the capacity to arrest the cell cycle at the G2/M

phase, modulate signaling pathways, and alter epige-

netic modifications. For example, sulforaphane, an

isothiocyanate present in dietary sources, has been

found to induce G2/M arrest, downregulate cyclinB1,
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and upregulate the protein GADD45, which is asso-

ciated with anti-cancer activity in cervical cancer cells

(Esteve 2020).

Genipin

Genipin, a natural compound derived from the Gar-

denia jasminoides plant, has demonstrated potential as

a treatment for breast cancer. Its effectiveness is

attributed to its ability to modulate various proteins

and enzymes involved in breast cancer, including

caspase-3, Bax, Bcl-2, JNK, p38, and MAPK.

Through its action of upregulating pro-apoptotic

signaling pathways like Bax and caspase-3, and

downregulating Bcl-2 expression, as well as activating

JNK and p38 MAPK, genipin has been found to

exhibit anti-proliferative effects in MDA-MB-231

breast cancer cells (Cho 2022).

Denbinobin

Denbinobin is a powerful phytochemical with

notable anti-cancer, anti-angiogenic, and apoptosis-

inducing properties. Originally derived from the stems

of Dendrobium moniliforme and Ephemeranthalon-

chophylla, this natural compound has demonstrated

the ability to hinder metastasis by decreasing NF-B

activation in human breast cancer cells. Additionally,

denbinobin effectively reduces the activity of iNOS

and COX-2 in a concentration-dependent manner

(Hoseinkhani et al. 2020). The general mechanism of

action of some anticancer derivatives were given in

Fig. 10 highlights the antimetabolites, alkylating

agents, and asparaginase involved in anticancer

mechanism and Table 1 depicts some important plants

and their constituents with potential benefits against

different types of cancer.

Conclusion

In a world where the burden of cancer is steadily

increasing and conventional therapies fall short, the

search for alternative and effective strategies is of

utmost importance. The potential of plant-based

phytocompounds in cancer therapy shines through as

a beacon of hope. Their eco-friendly nature, cost-

effectiveness, and proven efficacy make them a

compelling option for further exploration.

As we venture into the twenty-first century, drug-

based approaches will continue to dominate the

landscape of cancer treatment. However, the need

for novel drugs that can combat resistant malignancies

is urgent. This is where nature’s medicine cabinet

comes into play. The vast array of bioactive sub-

stances found in medicinal plants holds the key to

unlocking groundbreaking treatments.

By delving deeper into the toxicological and

genotoxic profiles of phytochemicals, we can ensure

their safety and tailor their usage to different types of

cancers. These natural wonders have already demon-

strated their medicinal potential and serve as invalu-

able templates for the development of new chemical

compounds.

Fig. 10 Mechanism of anticancer derivatives
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Table 1 Plant derived anticancer agents

Botanical name Constituent Cancer suppressed References

Peganum harmala Banisterin Mammary gland carcinoma Ding et al. (2019)

Curcuma longa Ascorbic acid Glioblastoma, Leukemia, and colon cancer Ooko et al. (2017)

Allium wallichii Reducing sugars, Glycosides,

Steroids, terpenoids and

flavonoids

Prostate cancer, mammary gland

carcinoma, cervical cancer

Ashraf (2020)

Artemisia annua Artemisinin Heptocarcinoma, breast and pancreatic

cancer

Augustin et al. (2020)

Debregeasia saeneb Tannins Internal tumors Musial et al. (2020)

Camelia sinesis Picatechin, Epicatechingallate

and epigallocatechin

Prostate, Mammary gland carcinoma,

Lung, bladder cancer and Leukemia

Zhang et al. (2017)

Paeonia suffruticosa Polysaccharides Cervical, Prostate, colon and breast cancer Borah and Banik

(2020)

Ocimum sanctum Orientin, Vicenin and Eugenol Fbrosarcoma, breast and heptocarcinoma Kumar and Patel (2023)

Ginkgo biloba GinkgolideandGinkgetin, Colon, Hepatocarcinoma, Ovary and

prostate

Liu et al. (2022)

C. sinensis Theabrownin Bronchogenic carcinoma Zhou et al. (2017)

Ziziphus mauritiana Methyl stearate and a-linolenic

acid

Cervical, Leukemia, and heptocarcinoma Mishra et al. (2011)

S. nigrum Solasonine and Solamargine Melanoma, heptocarcinoma, Breast

andlung cancer

Liang et al. (2022)

Vigna unguiculata Chymotrypsin/ Trypsin inhibitor Mammary gland carcinoma Alvares et al. (2014)

Z.spina-christi Quercetin, Doxorubicin,

Spinanine-A and rutnine

Mammary gland and lung carcinoma Staedler et al. (2011)

Glycyrrhiza glabra Licoagrochalcone and

Licochalcone-A

Gastrocarcinoma, mammary gland,

Prostate, lung, and kidney cancer

Bode and Dong (2015)

H. epimedii Icariside, Icariin, icaritin, Gastrocarcinoma, Prostate, Bronchogenic

carcinoma, and kidney cancer

Chen et al. (2016)

E.coracana Inhibitor (Ragibifunctional) Blood carcinoma Sen and Dutta (2012)

P. corylifolia Psoralidin prostate cancer and gastricoma Sharifi-Rad et al.

(2020)

Peltophorum dubium Trypsin inhibitor Blood cancer and lymphoma Li et al. (2017)

Vicia faba Protease inhibitors Melanoma Fei Fang et al. (2011)

X. strumarium Xanthatin Heptocarcinoma and Lymphocytic

leukemia

Chang et al. (2019)

W. somnifera 22,26-diepoxyergosta-2,24-

diene-1,26-dione

Prostate, Cervixcolon cancer and

mammary gland carcinoma

Dutta et al. (2019)

Aegle marmelos Fagarasterol Blood, Skin and mammary gland

carcinoma

Akhouri et al. (2020)

Z. officinale Gingerol Urinary, Cervix, Colon, Ovary and

heptocarcinoma

Lechner and Stoner

(2019)

Sylibum marianum Silybin Melanoma, colon, prostate, bronchiogenic

carcinoma

Deep and Agarwal

(2010)

Capsicum annuum Luteolin Colorectal cancer Tuorkey (2016)

C. autumnale Colchicine Blood and skin cancer Dhyani et al. (2022)

Aegle marmelos Skimmianine Liver cancer Rahman and Parvin

(2014)

Sylibum marianum Silymarin Colon and Colorectal carcinoma Fallah et al. (2021)

Curcuma longa Curcumin Colon adenocarcinoma Ojo et al. (2022)
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Table 1 continued

Botanical name Constituent Cancer suppressed References

Alstonia scholaris O-methylmacralstonine,

talcarpine, villalstonine,

pleiocarpamine

Lung cancer Jagetia et al. (2003)

Podophyllum peltatum Podophyllotoxin Non-small cell lung carcinoma Motyka et al. (2023)

Andrographis paniculata Andrographolide Colon cancer Paul et al. (2021)

Ziziphus jujube Triterpenoids and Linoleic acids Blood and mammary gland carcinoma Abedini et al. (2016)

P.hexandrum Podophyllotoxin Ovary, liver, bladder, breasttestis and lung

carcinoma

Giri and Lakshmi

Narasu (2000)

Betulautilis Betulinic acid Melanomas Singh et al. (2012)

Panax pseudoginseng Panaxadiol Human colon cancer Kim et al. (2021)

G. hirsutum Gossypol Colorectal carcinoma Renner et al. (2022)

Passiflora caerulea Chrysin Colorectal cancer Bahadori et al. (2016)

P. zeylanica Plumbagin Fibrosarcoma, leukemia, Liver and breast

cancer

Zhang et al. (2016)

Capsicum annuum Luteolin Colorectal cancer Pandurangan and Esa

(2014)

Zingiber officinale Gingerol Colon, breast and ovarian cancer Ghasemzadeh et al.

(2015)

Broussonetia papyrifera Verubulin Brain carcinoma and Glioblastoma Pang et al. (2014)

G. uralensis Isoliquiritigenin Bronchiogenic carcinoma Jung et al. (2014)

B.diffusa Punarnavine Skin carcinoma Mishra et al. (2014)

Vitis vinifera Cyanidinsara[ Colon carcinoma Cheah et al. (2014)

Polygonum cuspidatum Resveratrol Melanoma, heptocarcinoma and

Colorectal cancer

Ali and Braun (2014)

M. citrifolia Damnacanthal Sarcoma and Brochiogenic carcinoma Abdul Aziz et al.

(2014)

Biophytum sensitivum Alcoholic extract Lymphoma Guruvayoorappan and

Kuttan (2007)

Vaccinium macrocarpon Ursolic acid Prostate and Cervical carcinoma El-Shemy et al. (2010)

crassiflora Sinapic acid, rutin and Caffeic

acid

Kidney, ovary and Glioma, cancer Formagio et al. (2015)

Sylibum marianum Silymarin Colorectal cancer Nakahata et al. (2011)

Enterolobium
contortisiliquum

Trypsin inhibitor Breast and stomach cancer Sawadogo et al. (2012)

L. usitatissimum Glycosides Mammary gland carcinoma Sakarkar and

Deshmukh (2011)

Calvatiacaelata Laccases Hepto and mammary gland carcinoma Xu et al. (2012)

Tylophoraindica Tylophorine Breast cancer Lauritano et al. (2016)

Allium sativum Allylmercaptocysteine, allicin Lymphoma, cervix cancer Karmakar et al. (2011)

Hibiscus mutabilis Lectin Liver, breast cancer Lam and Ng (2009)

P. zeylanica naphthoquinone Lymphoma, Leukemia Checker et al. (2010)

Betula Sp Betulinic acid Leukemia and Skin cancer Cragg and Pezzuto

(2016)

T. divaricate ConophyllineandCononitarine Mammary gland carcinoma,

heptocarcinoma, bronchiocarcinoma and

colon cancer

Bao et al. (2013)

Smilax chinensis Flavonoid, Tannin and Saponins Sarcoma Madhuri and Pandey

(2009)

123

Phytochem Rev



In this era of advanced drug discovery techniques, it

would be unwise to overlook the power of natural

products. They remain an essential source for uncov-

ering and creating novel drugs that can tackle the

complexities of cancer. Embracing phytochemicals in

our fight against this devastating disease is a forward-

thinking and progressive approach.

In conclusion, the future of cancer therapy lies in

the hands of these remarkable plant-based compounds.

They offer a promising and sustainable solution to the

challenges we face. Let us invest in further research,

unravel their full potential, and revolutionize cancer

treatment. Together, we can make a difference and

bring renewed hope to those affected by this formid-

able adversary.
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