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Lung cancer is an uncontrolled cell growth in lung tissue, with changes in the cellular, epigenetic and genetic 
alterations, oncogenes activation and clonal evolution of malignant cells. The most critical risk factor for lung 
cancer is cigarette smoking (80-85%). Other reasons for lung cancer (15-20%) include genetic factors, exposure 
to secondhand smoke, air pollution, radiation, hazardous gases and foreign chemical agents. The most widely 
used strategies in lung cancer treatment are chemotherapy, radiotherapy and surgery. However, there are various 
adverse effects, such as significant toxicity, limited efficiency and multidrug resistance. Plants and plant-derived 
products have proven to have a role in lung cancer therapy and prevention through sensitizing conventional 
factors, extending patient survival time, avoiding adverse effects of chemotherapy, promoting physiological 
improvement and ameliorating quality of life in pulmonary malignancy cases.  For this review article, we searched 
Web of Science, EBSCO, Scopus, PubMed/Medline, DOAJ (Directory of Open Access Journals), Embase, and 
Google Scholar, using various keywords. There are several natural product molecules with anticancer properties 
through many molecular mechanisms, including, inducing apoptosis, inhibition of angiogenesis and metastasis, 
reversion of multidrug resistance and also targeting reactive oxygen species signaling. Some phytochemical 
compounds are discussed as anticancer agents for lung cancer. 
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Introduction
Lung cancer is the primary source of global 
cancer occurrence and mortality, accounting 
for approximately a quarter of all cancer 
cases (10 million deaths globally). The World 
Health Organization evaluated in 2020 that 
lung cancer affected 1.8 million deaths and 
registered 2.21 million new cases globally (1). 
Lung cancer is an uncontrolled cell growth in 
lung tissue with a high mortality rate. Most of 
the time, when the diagnosis is made, it has 
spread beyond a curable stage and cannot 
be treated surgically or with radiotherapy. 
Lung cancer is a multistage process induced 
by cellular, epigenetic and genetic changes. 
Those changes eventually ensue, oncogene 
activation, and clonal evolution of malignant 
cells (2). 

The most critical risk factor for lung cancer 
is active cigarette smoking (80-85%) (3). 

Key point 

The natural product molecules with anticancer 
activities have the molecular mechanisms for 
developing anti-malignancy therapies, inducing 
apoptosis, inhibiting angiogenesis and metastasis, 
reversing multidrug resistance, and targeting reactive 
oxygen species signaling.

Other reasons for lung cancer (15-20%) 
include genetic alteration, passive smoking, 
air pollution, radiation, hazardous gases, 
and foreign chemical agents, for example, 
vinyl chloride, arsenic, cadmium, beryllium, 
chloride and nickel chromates (3). 

Lung cancer is categorized into non-
small cell lung carcinoma (NSCLC), which 
displays 80% of all lung cancer cases, 
including squamous cell carcinoma (SCC), 
adenocarcinoma (AD), and large cell 
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carcinoma (LCC), and finally, small cell lung carcinoma 
(SCLC) (4). 

The most widely used strategies in lung cancer treatment 
are surgery, chemotherapy, and radiotherapy. Among these 
modalities, the most conducted method is chemotherapy 
which is associated with several complications, consisting 
limited efficacy, multidrug resistance and significant 
toxicity (1). Plants are recognized as one of the attractive 
approaches for lung cancer treatment since it has proven to 
be valuable and effective in sensitizing conventional agents, 
elongating patient survival time, preventing side effects of 
chemotherapy, promoting physiological improvement, 
and improving quality of life in pulmonary malignancy 
cases (5). Plant-derived phytochemicals selectively target 
cancer cells without affecting healthy cells, even in small 
amounts. 

It has been shown that diet and natural agents from 
fruits and vegetables play an essential role in the 
prevention of malignancy in Western countries (1). 
Certain micronutrients (vitamins and minerals) and 
phytochemicals (carotenoids and phenols) have potent 
antioxidant or methyl-donating properties and thus have 
taken extensive attention. Previous studies also showed 
a reduced risk of pulmonary malignancy following the 
intake of some nutrient between smokers (1).

The concept of chemoprevention would benefit persons 
at high risk for developing lung cancer, such as heavy 
smokers, ex-smokers and patients with resected primary 
lung cancer. 

Search strategy
For this review, we searched the Web of Science, EBSCO, 
Scopus, PubMed/Medline, DOAJ (Directory of Open 
Access Journals), Embase, and Google Scholar, using 
various keywords: lung cancer, anticancer agents, medicinal 
plants, cell growth, malignant cells, phytochemical 
compounds and reactive oxygen species.

Mechanisms of natural product molecules versus 
pulmonary malignancy
Plant-based herbal medicines are proposed as an efficient 
approach to pulmonary malignancy treatment (6). The 
mechanisms of action of natural product molecules in 
anticancer activities are mediated via inducing apoptosis, 
inhibiting angiogenesis and metastasis, reversion of 
multidrug resistance, and targeting reactive oxygen species 
(ROS) signaling (1,5).

Inducing apoptosis in malignant cells
Apoptosis, or programmed cell death, is a highly effective 
mechanism for killing malignant cells. Targeting apoptosis 
has been shown to be an effective non-surgical treatment 
for all types of cancers (4,5). Apoptosis includes a set of 
morphological changes, for example, cell shrinkage and 
blebbing of the plasma membrane. Apoptosis can be 
induced by preventing survival proteins such as NF-κB 

(kappa-light-chain-enhancer of activated B cells), Akt, 
Bcl-2 (B-cell lymphoma 2), and survivin in H460 cells. 
Some traditional herbs, such as the fruit and roots of Toona 
sinensis, Ocimum gratissimum, and acutiaporberine, have 
stimulated apoptosis in pulmonary neoplastic cells (4,5,7).

Inhibitory effects on angiogenesis and metastasis
Among the contributing parameters to the spread and 
growth of pulmonary malignancy, angiogenesis and 
metastasis are the most critical processes. Angiogenesis 
is an important process since it involves the development 
of new blood vessels from old vessels. In contrast, 
metastasis involves tumor cell intravasation, invasion 
and dissociation then form new tumors in other parts of 
the body. Thus, angiogenesis and metastasis blockage are 
two significant therapeutic targets for lung cancer. Some 
traditional herbs have anti-angiogenesis properties in 
lung cancer cells, such as Ganoderma lucidum, curcumin, 
green tea, and zingiber officinalis. Some plants have 
been categorized into alkaloids, flavonoids, terpenes, 
quinones, phenolics, xanthone, sulfur compounds and 
their chemical structures. These substances have favorable 
anti-metastasis activities by withholding key molecular 
factors supporting cell aggressiveness (8). The molecular 
mechanisms of potential naturally derived compounds in 
the control of metastatic lung cancer have been shown to 
have promising activities (9). 

Reversion of multidrug resistance
The main problem of chemotherapy for patients is polydrug 
resistance (PDR) (10). One of the main mechanisms that 
induces PDR is cellular overproduction of p-glycoprotein 
to transfer the chemo agent back out of the cell. Several 
PDR reversal agents have been investigated by preventing 
the p-glycoprotein function, but their side effects profile 
was substantial (11).

Targeting reactive oxygen species signaling
Reactive oxygen species signaling is the focus of many 
researchers who work in the area of cancer. ROS signaling 
is the prime catalyst for the promotion and progression 
of many tumors, and targeting ROS signaling is a notable 
method in lung cancer treatments.

It has been suggested that histone deacetylase can 
significantly can adjust the oxidative stress in the progress 
of cancer in NSCLC (12). Histone deacetylase can be 
found in numerous common foods, such as sulforaphane, 
curcumin, and epigallocatechin 3-gallate (EGCG). 

Previously, Zhai et al summarized current evidence 
directing fundamental etiological changes (e.g., DNA 
damage and epigenetics change) and lung function 
impairment that led to the development of lung cancer 
and adequate nutrition for it, such as vitamin C, vitamin 
B group and phytochemicals (13). It has been shown that 
cryptoxanthin supplementation and combined antioxidant 
administration (beta-carotene, alpha-tocopherol, and 
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ascorbic acid) mitigated oxidative DNA damage and 
had antioxidant effects (14). Some phytochemicals, like 
flavonoids, polyphenols and hydroxycinnamates have 
been shown to have anticancer and antioxidant efficacy. 
Moreover, experimental models demonstrated that 
polyphenols attach to electrophilic metabolites from 
carcinogens, prevent the production of oxygen radicals, 
lipid peroxidation, DNA oxidative damage and increase 
the detoxifying enzymes like the phase II enzymes, 
glucuronosyl transferases and glutathione transferases (15). 
Phytochemicals significantly inhibit pro-inflammatory 
parameters, consisting cyclooxygenase, xanthine oxidase 
and lipoxygenase-5, thus inhibiting tumor cell proliferation 
(16). Few reports suggest that phytochemicals such as 
EGCG might decrease ornithine decarboxylase activity 
that supports tumor cell proliferation and is induced by 
the procarcinogens intervention, which leads to reducing 
the synthesis of polyamine, protein, DNA and inhibits 
angiogenesis and induce apoptosis (17). 

A systematic review by Kwon et al assessed the 
effectiveness and safety of herbal medicines for cancer-
induced fatigue in 861 lung cancer patients. It has 
been observed that herbal medicines combined with 
conventional medicine significantly improved fatigue 
levels, quality of life, and activities of daily living compared 
to traditional medicine alone (18). 

Likewise, Surien et al, investigated genomic 
modifications and herbal compounds as chemotherapeutic 
and chemoprevention agents, which specifically influence 
each subtype of lung cancer, such as adenocarcinoma, SCC 
and LCC (4).

Several marker-based treatments have been investigated 
for pulmonary malignancies, such as the vascular 
endothelial growth factor receptor-2/epidermal growth 
factor receptor inhibition, cell-cycle arrest, echinoderm 
protein-like 4–anaplastic lymphoma kinase fusion gene 
(EML4-ALK), miRNA modulation, iNOS suppression, 
hTERT silencing and KRAS (Kirsten rat sarcoma viral 
oncogene), angiotensin receptor blockade, V-Raf murine 
sarcoma viral oncogene homologue B1 (BRAF), chitin 
inhibition, WNT pathway, nuclear factor erythroid 
2-related factor 2 activation, transforming growth factor 
beta antagonism, STAT3 (signal transducer and activator 
of transcription-3) pathway inhibition, and the role of 
p53 gene (19). It is recognized that there are numerous 
diagnostic, prognostic, and predictive biomarkers in 
lung cancer. Medicinal plants such as phytochemicals 
have shown promising results in targeting lung cancer 
biomarkers and opened an area for new investigation and 
drug development (20,21). 

Meanwhile, Monteiro et al showed herbal medicines, 
have anti-proliferative activity against different types 
of lung cancer in animal models (22). It showed that 
pulmonary cancer might be inhibited by a diet rich in 
vegetables or fruits since they are supplemented with 
various dietary antioxidant polyphenols, like lignans, 

stilbenes, proanthocyanidins, flavonoids and phenolic 
acids. They showed an inverse association between lung 
cancer risk and consumption of vegetables and fruits in 
the daily diet in high-risk populations for lung cancer, 
such as smokers. 

Moreover, Singh et al summarized the chemical 
classification, mode of action of the phytochemicals 
in the mentioned plant species, and showed their role 
in the therapy of pulmonary neoplasms, including 
apoptosis, progression, metastasis and finally multidrug 
resistance (21). Additionally, several plant species include 
Polygonum cuspidatum, wampee, Toona sinensis, Ocimum 
gratissimum, Fabaceae family, Scutellaria baicalensis, and 
Solanaceae family, are detected in their study to cure lung 
cancer.

The extracts of Polygonum cuspidatum inhibit free-
radical molecules such as DPPH (2,2-diphenyl-1-
picrylhydrazyl) and hydroxyl in lung cancer cells such 
as H1650 and A549 (23). It is shown that the extract of 
wampee has higher antioxidant and anticancer effects 
against cisplatin in the lung cancer cell line of A549 
(24). The extract of Toona sinensis leaf has an inhibitory 
consequence on ROS generation and induces apoptosis 
in pulmonary adenocarcinoma cells, especially H441 
(25). Similarly, Ocimum gratissimum increases the activity 
of caspase-3 and 9 and antibacterial activities in lung 
cancer A549 cells (26). Some phytochemicals such as 
ursolic acid, acacetin, dihydroartemisinin, triptolide and 
acutiaporberine induce apoptosis. The Fabaceae family-
derived acacetin increases p21 and p53 proteins, leading to 
the initiation of cell-cycle arrest and then apoptosis (27). 
Furthermore, Scutellaria baicalensis has anti-hypertensive, 
anti-metastatic, anti-febrifuge and anti-neoplasm 
effects with increased expression of PAI-1 (plasminogen 
activator inhibitor-1) and decreasing the expression of 
matrix metalloproteinase-2 and 9 (28). One cause of the 
failure of chemotherapy in pulmonary neoplasm is PDR. 
The phytochemicals, such as Solanaceae family-derived 
solamargine, are also reported as PDR reversal agents 
that increase the cytotoxic activity of epirubicin and 
trastuzumab against the pulmonary neoplastic cells such 
as H661 and H69 (29).

Anti-lung cancer natural product molecules in the body
A comprehensive review by Heng et al proposed 
potential clinical usage of phytochemical compounds, 
including curcumin, quercetin, epigallocatechin-3-gallate, 
resveratrol, luteolin, berberine, sulforaphane, genistein, 
and capsaicin as chemo preventive and anticancer agents 
for lung cancer (30).

The anticancer activities of phytochemicals in treating 
lung cancer with the ethnopharmacological effects on 
metastasis, angiogenesis, apoptosis, and clinical trial 
efficiency have been reviewed (7).

Some phytochemical compounds are discussed as 
anticancer agents for lung cancer as follows; 
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Green tea polyphenols and pulmonary malignancies
Some case-control investigations have studied the impacts 
of green tea drinking on pulmonary malignancies. 
Green tea consumption was associated with a decline in 
ROS signaling and abridged lung cancer risk amid non-
smoking females (31).

Isothiocyanates 
Cruciferous vegetables are rich in natural compounds of 
isothiocyanates, which are detected by their anticancer 
activity, anti-oxidant activity, and apoptosis-inducing. 
Likewise, isothiocyanates efficiently induce apoptosis and 
autophagy and prevent the proliferation of NSCLC cells. 
It also shows the synergistic effects of isothiocyanates in 
combination with gefitinib for treating NSCLC cells (32).

Indole-3-carbinol 
It has been shown that the superiority of the anti-
tumor impact of indole-3-carbinol in comparison with 
N-acetylcysteine through an increase in antioxidant and 
viability activity and activating apoptotic signaling cascades 
against human lung cancer H1299 cells. Additionally, the 
expression of anti-apoptotic proteins such as thioredoxin1 
and peroxiredoxin-1 was decreased in indole-3-carbinol 
-treated cells, meanwhile the expression of pro-apoptotic 
proteins such as active MAP3K5 (mitogen-activated 
protein kinase 5) were increased in comparison with cells 
co-treated with N-acetylcysteine (33).

Genistein 
Genistein is a natural isoflavone that has been studied as an 
effective anti-cancerous substance in various types of lung 
cancer (34). Several studies suggest that this compound 
has the potential to inhibit the growth of NSCLC cells 
without harming normal human lung cells, making it an 
attractive therapeutic option for those affected by this 
common form of cancer (35). It has also been shown to 
induce cell cycle arrest and promote apoptosis in NSCLC 
cells, and to prevent metastasis and encourage tumor cell 
colonization in their site by upregulating vasodilator-
simulated phosphoprotein (36). In addition, Yang et al 
showed that genistein prevents A549 human lung cancer 
cell proliferation associated with miR-27a-mediated 
MET signaling; they also showed an association between 
the anti-malignancy efficacy of genistein with miR-27a-
mediated MET signaling (28). It seems that, this study 
is a pilot investigation to detect the molecular basis of 
genistein in cancer, which requires further studies (34,35).

Curcumin 
Curcumin is a nontoxic natural product with preventive 
effects on multiple pathways for carcinogenesis. Curcumin 
may be the best adjunctive therapy for lung cancer because 
of its nontoxicity, broad-reaching mechanism of action, 
and anticancer effects. However, more evidence and 
further clinical studies are required (37,38).

Fisetin 
Different assays confirmed that fisetin inhibited migration, 
adhesion, proliferation and invasion and induced apoptosis 
in the A549 cell line via targeting the extracellular signal-
regulated kinase-signaling pathway (39,40). 

Pomegranate polyphenols
The effect of pomegranate leaf extracts, such as 
punicalagin and ellagic acid, on a lung carcinoma cell 
line, has been investigated. It was observed that treatment 
with leaf extracts caused a significant reduction of tumor 
cell proliferation and induced the apoptotic process. In 
addition, the ability of extracts to weaken the migration/
invasion of tumor cells is proven by the decrease in the 
levels of MMP-2 and MMP-9. It is supposed that the non-
eatable portions of pomegranate may show a new adjuvant 
for cancer treatment (41,42).

Luteolin
It has been shown that luteolin prevents migration and 
invasion of pulmonary malignant cells via intracellular 
tyrosine kinases, namely FAK (focal adhesion kinase), 
SRC-3 (steroid receptor coactivator-3), and its downstream 
pathways such as RAC1 (ras-related C3 botulinum 
toxin substrate 1). Luteolin might be a good choice for 
withholding invasion and metastasis of lung cancer cells 
(43).

Resveratrol
A review summarized current in vitro and in vivo studies 
on resveratrol and its anti-lung cancer properties (44). It 
found that resveratrol prevents cancer cell proliferation 
and induces apoptosis and cell cycle arrest via modulation 
of signaling molecules involved in these processes.

Conclusion
Plants are detected as one of the attractive approaches for 
pulmonary malignancy since they have established to be 
effective in sensitizing conventional chemotherapy agents, 
prolonging individuals’ survival time, preventing adverse 
reactions of chemotherapy, promoting physiological 
improvement and improving quality of life in lung cancer 
patients. The natural product molecules with anticancer 
activities have the molecular mechanisms for developing 
anti-malignancy therapies, including inducing apoptosis, 
inhibiting angiogenesis and metastasis, reversing 
multidrug resistance, and targeting reactive oxygen species 
signaling.
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