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ABSTRACT: Lung cancer, which is primarily caused by smoking tobacco 

products, environmental pollutants, and genetic predispositions, continues to 

be ranked among the biggest contributors to cancer-related death worldwide. 

Numerous sophisticated cancer treatment methods are inefficient because of 

metastatic spread and susceptibility to traditional anti-cancer medications. 

Natural therapeutic compounds developed from plants are presently of 

considerable curiosity because of their excellent absorption and lack of side 

effects. Relevant instances involve ginsenosides (from ginseng), curcumin 

(from Curcuma longa), resveratrol (from grapes), and epigallocatechin 

gallate (from green tea). These compounds all alter important molecular 

pathways linked to the growth of lung cancer, including NF-κB, STAT3, 

MAPK, and PI3K/Akt signaling. This article highlights the molecular 

understandings, experimental evidence, and fresh clinical data that support 

the utilization of natural products as effective adjuvants and 

chemopreventive therapy for lung cancer. 

INTRODUCTION: One of the most difficult 

problems in oncology is still lung cancer 
1
. Due to 

tobacco use and air pollution, lung cancer has one 

of the highest rates of mortality worldwide. It is a 

disease marked by excessive growth of cells 
2
. 

About 85% of occurrences of lung cancer are 

caused by tobacco use, making it the primary cause 

of the disease 
3
. Nicotine exposure contains 

carcinogens, including nitrogenous compounds and 

PATH, that directly harm DNA and cause errors in 

important genes like TP53, KRAS, and EGFR 
4
. 

However, lung cancer also occurs in non-smokers, 

underscoring the role of other environmental and 

occupational exposures 
5
.  
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Long-term exposure to air pollutants such as 

nitrogen oxides, particulate matter (PM2.5), and 

volatile organic compounds greatly raises the risk 
6
. 

Lung cancer is mostly caused by radioactive decay 

products, such as radon gas, which can build up 

inside 
7
. Additional risk factors include exposure to 

asbestos, arsenic, and silica dust, as well as chronic 

lung inflammation and genetic susceptibility 
8
. 

Together, these environmental and lifestyle factors 

contribute to the complex etiology and rising 

burden of lung cancer globally 
9
.  

Since it is hard to restrict the development of the 

tumor in its intermediate and terminal stages, the 

purpose of curative therapy for lung cancer is to 

ensure a lower mortality rate 
10

. When cancer is 

treated chemically, there are frequently severe 

adverse reactions, medication obstruction, and 

substandard clinical results 
11

. Consequently, there 

is an urgent need for effective preventive and 

adjunctive strategies that can not only inhibit tumor 
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development but also protect normal lung tissue 

and improve therapeutic outcomes 
12

. Many 

cultures have relied on traditional herbal remedies 

for centuries to manage respiratory illnesses, 

reduce inflammation, and strengthen immunity. 

These phytochemicals can scavenge reactive 

oxygen species, modulate detoxification enzymes, 

inhibit oncogenic signaling pathways, and enhance 

the body’s immune defenses against tumor cells 
13

. 

Numerous herbal remedies have demonstrated 

notable anti-tumor effects on immunological 

regulation 
14

. For example, it has been 

demonstrated that the compounds curcumin from 

turmeric (Curcuma longa), resveratrol from grapes, 

and epigallocatechin gallate from green tea inhibit 

the formation of lung tumorsvia controlling 

pathways related to blood vessel formation, cell 

death, cell division, and transmission 
15

. Similarly, 

ginsenosides from ginseng have shown 

encouraging results in the preliminary cancer 

studies 
16

.  

Lung Cancer Prevalence and Patterns: One of 

the most dangerous public health problems in the 

world, lung cancer still has a major impact on 

incidence, mortality, and prevalence in both 

developed and developing nations, including those 

in Asia, Europe, North America, Latin America and 

the Caribbean, Africa, and Oceania 
17

. It now 

accounts for 12.4% of all cancer cases and has 

surpassed breast carcinoma as the most prevalent 

form of cancer globally, with an anticipated 

2,480,675 new cases in 2022. The lung cancer 

incidence, mortality, and prevalence in Asia 

(63.1%, 62.9%, 63.9%), Europe (19.5%, 20.7%, 

18.9%), Northern America (10.4%, 8.3%, 10.1%), 

Latin America and the Caribbean (4.2%, 5.0%, 

4.2%), Africa (2.0%, 2.5%, 2.2%), and Oceania 

(0.71%, 0.69%, 0.66%) according to IARC (Fig. 1 

& 2). Lung cancer incidence is notably high in Asia 

due to a combination of factors, primarily 

including high rates of tobacco use, exposure to air 

pollution, and genetic predispositions. According to 

epidemiologic research conducted in East Asia, 

including the republics of China, Japan, Mongolia, 

North Korea, and the Republic of Korea, almost 

thirty percent of all lung cancer individuals have 

never smoked 
18

. 

 
FIG. 1: WORLD HEALTH ORGANIZATION: ESTIMATED NUMBER OF LUNG CANCER CASES IN 2022, 

WORLDWIDE 

 
FIG. 2: NUMBER OF NEW CASES, BOTH SEXES, ALL AGES 
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Pathophysiology of Lung Cancer: Lung cancer 

comes in two main forms: SCLC and NSCLC. 

Approximately 10% to 15% of all lung cancers are 

SCLC, while 80% to 85% of lung cancers are 

NSCLC. Around 80% to 85% of lung cancer cases 

globally are NSCLC rather than SCLC 
19, 20

. 

Complex genetic and molecular changes that 

promote unchecked cell proliferation are part of the 

pathology underlying NSCLC 
21

. Genes like EGFR, 

KRAS, and ALK frequently have important 

mutations that activate signaling channels like 

PI3K/AKT and MAPK, which support tumor cell 

proliferation, survival, and inhibition of death. 

Additionally, tumor suppressor genes like TP53 

may be inactivated, further enabling malignancy 
22

. 

NSCLC can also exploit the immune system by 

overexpressing PD-L1, allowing them to evade 

immune detection 
23

. VEGF promotes blood vessel 

development, which keeps the growth of tumors 

going by providing a steady flow of oxygen as well 

as nutrients 
24

. These molecular insights have paved 

the way for targeted therapies and 

immunotherapies, improving patient outcomes. 

However, resistance mechanisms and tumor 

heterogeneity remain major challenges in effective 

NSCLC management 
25

. 

The forceful neuroendocrine system carcinoma 

known as small cell lung cancer (SCLC) is 

distinguished by its quick growth and early 

metastases 
26

. The disease mostly affects the central 

airways and is closely associated with tobacco use, 

which results in mutations in DNA, such as the 

deactivation of the genes that regulate tumor 

suppression, RB1 and TP53 
27

. Loss of TP53 

disrupts the cell’s ability to repair DNA damage 

and regulate apoptosis, while RB1 loss removes 

control over cell cycle progression, driving 

uncontrolled proliferation 
28

. Amplification of 

MYC family oncogenes further accelerates tumor 

growth and promotes metabolic reprogramming 
29

. 

Neuroendocrine markers, including synaptophysin 

and chromogranin A, are commonly expressed, 

reflecting the tumor origin from neuroendocrine 

precursor cells 
30

. SCLC cells secrete paracrine 

factors that create an immunosuppressive 

microenvironment and enhance angiogenesis, 

supporting tumor expansion and dissemination
31

. 

Due to its high mitotic index and propensity for 

early spread to the brain, liver, and bone marrow, 

SCLC often presents at advanced stages, making 

treatment challenging 
32

. (Fig. 3) 

 
FIG. 3: PATHOPHYSIOLOGY OF LUNG CANCER

Treatment and their Problems: Highly effective 

approaches for combating lung cancer are 

treatments called immunotherapies that involve 
33

. 

Cytokines and other Non-specific 

Immunotherapies: Cytokines are proteins that 

help immune cells communicate, and some are 

being tested to treat lung cancer 
34

. MABP1 blocks 

IL-1α, a protein linked to cancer growth. In a small 

study, lung cancer patients pre-treated with EGFR-

targeting drugs lived longer with MABP1. IL-2, 
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another cytokine, showed mixed results; one large 

study found no benefit, while a smaller study 

combining IL-2 with chemotherapy and surgery 

improved 5-year survival. IL-15, given under the 

skin, boosted natural killer cells that fight cancer. 

An IL-15-based drug, ALT-803, combined with 

nivolumab, helped patients whose cancers resisted 

other treatments 
35, 36

. 

Problems: Cytokines and other non-specific 

immune-mediated therapies seek to strengthen the 

body's resistance generally against cancer; 

however, they frequently result in major issues 
37

. 

Widespread immunological activation brought on 

by treatments utilizing cytokines like IL-2 and IL-

15 can result in serious adverse effects such as 

fever, low blood pressure, exhaustion, and organ 

damage 
38

. While some studies show improved 

survival, results are inconsistent and benefits are 

limited to select patients 
39

. High toxicity often 

restricts dosing and long-term use. Additionally, 

cytokines can unintentionally promote 

inflammation that harms healthy tissues. Overall, 

while promising, non-specific cytokine therapies 

require careful monitoring and more research to 

improve safety and effectiveness in lung cancer 
40, 

41
. 

Monoclonal Antibodies (mAbs) and Immune 

Checkpoint Inhibitors: Monoclonal antibodies 

(mAbs) are proteins that bind to targets on cancer 

cells to block growth signals or mark them for 

immune destruction 
42

. ICIs block proteins like PD-

1, PD-L1, and CTLA-4, helping the immune 

system attack cancer 
43

. Approved ICIs for lung 

cancer include pembrolizumab, nivolumab, 

atezolizumab, and durvalumab 
44

. ADCs, like 

trastuzumab deruxtecan for HER2-positive lung 

cancer, deliver chemotherapy directly to tumors. 

There are also other ADCs in development that 

target HER2, HER3, Trop-2, and c-Met 
45

. 

Problems: Immune checkpoint inhibitors (ICIs) 

and monoclonal antibodies (mAbs) have increased 

lung cancer survival by reviving immune responses 

and obstructing cancer growth signals 
46

. However, 

they can cause serious side effects. ICIs often 

trigger immune-related problems, like 

inflammation of the lungs, liver, intestines, or skin. 

Some patients develop severe pneumonitis or 

colitis requiring steroids or stopping treatment 
47

. 

mAbs may lead to infusion reactions, fatigue, and 

risk of infections. Combination therapies, though 

more effective, increase toxicity 
48

. Additionally, 

not all patients respond, especially those without 

specific targets or biomarkers, making it essential 

to identify who will benefit from these treatments 

safely 
49

. 

Oncolytic Virus Therapy: Oncolytic virus 

research for lung cancer is presently being 

conducted in 14 clinical research studies 
50

. 

Oncolytic viruses are special viruses designed to 

mainly infect and destroy cancer cells 
51

. As they 

multiply inside the tumor, they kill cancer cells 

directly and also trigger the immune system to 

attack the tumor 
52

. In one early study (Phase 1), a 

virus called enadenotucirev (formerly ColoAd1), 

which targets tumors, was given through a vein to 

lung cancer patients before their tumors were 

removed 
53

. This treatment caused a strong local 

immune response and brought many cancer-

fighting CD8+ T cells into the tumor 
54

. Another 

approach uses vaccines made from tumor cells 

infected with modified adenovirus or vaccinia virus 

(called VIReST) to help train the immune system 
55

. This method could prevent tumors from growing 

in high-risk people and create lasting protection 

against cancer 
56

. The myxoma virus (MYXV) is a 

poxvirus that normally only infects rabbits and 

doesn’t cause disease in other animals 
57

. 

Surprisingly, MYXV can infect and kill human 

cancer cells from different tumor types 
58

. 

Researchers tested MYXV in lab models of small-

cell lung cancer (SCLC) to see if it could be used 

as a treatment. An oncolytic therapeutic 

vaccination teaches the immune response to 

identify and combat cancer cells more successfully 

by combining an oncolytic virus with antigens 

linked to cancer 
59

. 

Problems: Using viruses designed to spread and 

eliminate cancerous cells while triggering 

immuneresponses, oncolytic virus treatment 
60

. 

Treatments like enadenotucirev and myxoma virus 

show promise in lung cancer by attracting immune 

cells to tumors and killing cancer cells directly 
61

. 

However, this therapy has challenges. Some 

patients may develop fever, inflammation, or flu-

like symptoms 
62

. Delivering the virus effectively 

to all tumor sites can be difficult, and the body’s 

immune system may clear the virus before it works 
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63
. There is also a risk of harming healthy tissues or 

causing unexpected infections. More research is 

needed to improve safety and effectiveness 
64

. 

Cancer Vaccines: There are different types of lung 

cancer vaccines. Some use proteins or small pieces 

of proteins (like MAGE-A3 or L-BLP25), while 

others use whole cells (like 

GVAXorBelagenpumatucel-L) 
65

. For example, the 

MAGE-A3 vaccine was tested in a large clinical 

trial for patients whose tumors had the MAGE-A3 

protein, which is linked to worse outcomes 
66

. The 

vaccine used the MAGE-A3 protein mixed with an 

immune booster 
67

. Sadly, the study showed no 

benefit patients did not live longer without cancer 

returning so this vaccine is no longer being 

developed for lung cancer 
68

. Another vaccine, 

TG4010, targets a protein called MUC1 and uses a 

harmless virus (MVA) to deliver MUC1 and an 

immune-boosting signal (IL-2) to the body. 

Belagenpumatucel-L is made from lung cancer 

cells that have been treated so they can’t grow. It 

contains genetic material to block TGF-β, 

substance cancers use to weaken the immune 

system 
69, 70

. 

Problems: The MAGE-A3 vaccine failed to show 

any improvement in how long patients lived 

without cancer coming back, even in those whose 

tumors had the MAGE-A3 protein, leading to the 

end of its development for lung cancer
71

. 

Belagenpumatucel-L also faced problems because 

lung cancers use many ways to hide from the 

immune system, like reducing important immune 

recognition proteins or releasing substances that 

suppress immune responses 
71

. These tactics limit 

the vaccine’s effectiveness. Overall, both vaccines 

struggled because the immune system could not 

generate a strong, lasting attack against the tumor, 

and the cancer continued to evade detection 
72

. 

Anti-lung Cancer Activities of Plants as a 

Potential Herbal Medicine: 

Panax ginseng: Ginseng (Panax ginseng) has 

garnered a lot of interest as a potential natural 

remedy and preventative measure for lung cancer 

because of its many bioactive components, chiefly 

ginsenosides 
73

. Recent studies have elucidated that 

ginsenosides exert anticancer effects through 

multiple molecular mechanisms 
74

. By causing cell 

cycle arrest at the G0/G1 or G2/M phases, they 

prevent the growth of lung cancer cells. This is 

accomplished by upregulating the proteins p21 and 

p27 and downregulating cyclin-dependent kinases 
75

. It has been demonstrated that ginsenosides like 

Rg3 and Rh2 cause apoptosis through 

mitochondrial pathways, which are marked by a 

boost in the Bax/Bcl-2 ratio, cytochrome c release, 

and caspase-3 initiation 
76

. Additionally, ginseng 

inhibits the PI3K/Akt and NF-κB signaling 

pathways, which lowers the expression of VEGF, 

also known as vascular endothelial growth, and 

collagen metalloproteinases (MMP-2 and MMP-9). 

This decreases angiogenesis and metastasis
77

. 

Emerging evidence also indicates that ginseng 

modulates the tumor microenvironment by 

enhancing immune surveillance, reducing chronic 

inflammation, and regulating oxidative stress 

through activation of Nrf2-dependent antioxidant 

enzymes
78

. Notably, nanoparticle formulations of 

ginsenosides have improved their bioavailability 

and demonstrated enhanced anticancer efficacy in 

lung tumor xenograft models 
79

. Collectively, these 

mechanistic insights underscore the potential of 

ginseng as both a chemopreventive and therapeutic 

agent against lung cancer, warranting further 

clinical investigation 
80

. (Table 1 provided a list of 

major plants in lung cancer activity). 

TABLE 1: LIST OF HERBAL PLANT THAT’S HAVE ANTI LUNG CANCER ACTIVITY 

Herbal 

medicinal plant 

Common name and 

family 

Part used Bioactive constituents Mechanism of action Ref. 

Panax ginseng 

 

CN. Asian ginseng 

and Chinese ginseng 

FN.  Araliaceae 

Roots Ginsenosides, Amino 

acids, Polysacharides, 

Volatile oils 

Enhance immune surveillance 

against tumor cells. 

81
 

Althaea 

officinalis 

CN. Marshmallow 

FN.  Malvaceae 

Flowers 

and leaves 

Flavonoids (e.g. 

Quercetin, Kaempferol) 

Reduce oxidative stress-

induced DNA damage. 

82
 

Achillea 

millefolium 

 

CN.  Yarrow 

FN.  Asteraceae 

Flowers flavonoids (apigenin, 

luteolin), phenolic acids, 

and sesquiterpene 

lactones 

Inhibits tumor-promoting 

inflammatory mediators 

(COX-2, TNF-α), and exerts 

antioxidant effects. 

83
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Taraxacum 

mongolicum 

CN.  Mongolian 

dandelion 

FN.  Asteraceae 

Whole 

plant, 

leaves, and 

roots 

taraxasterol, chlorogenic 

acid, caffeic acid 

derivatives, and 

polysaccharides 

Promotes cancer cell apoptosis 

via ROS generation, 

downregulates PI3K/Akt and 

MAPK pathways 

84
 

Curcuma longa 

 

CN.  Turmeric, Indian 

saffron 

FN.  Zingiberaceae 

Rhizomes Curcumin Inhibits NF-κB and STAT3 

signaling 

85
 

Allium sativum 

 

CN. Garlic 

FN.  Amaryllidaceae 

Bulb Allicin, diallyl disulfide, 

and S-allyl cysteine 

Suppress carcinogen 

activation enzymes 

86
 

Taxus brevifolia 

 

CN. Pacific yew, 

western yew 

FN. Taxaceae 

Bark Paclitaxel Inhibition of tumor growth 

and metastasis. 

87
 

Tinospora 

cordifolia 

 

CN. Giloy, Guduchi, 

Gulvel, 

FN. Menispermaceae 

Stem and 

root 

Tinosporaside, 

berberine, and 

cordifolioside 

Induce apoptosis through 

mitochondrial pathways 

oxidative damage 

88
 

Vitis vinifera 

 

CN. wine grape 

FN. Vitaceae 

Grape skin 

and seeds 

Resveratrol and 

Proanthocyanidins 

Inhibits proliferation, 

suppresses NF-κB and STAT3 

and protects DNA from 

oxidative damage 

89
 

Camellia sinensis 

 

CN. Tea plant 

FN. Theaceae 

Dried 

leaves 

Epigallocatechin-3-

gallate (EGCG) 

Inhibits EGFR and VEGF 

signaling 

90
 

 

Althaea officinalis: The marshmallow, Althaea 

officinalis L., has long been used to treat 

respiratory conditions because of its calming, anti-

inflammatory, and mucilaginous qualities 
91

. 

Recent pharmacological investigations have 

highlighted its potential in lung cancer prevention 

and therapy 
92

. The plant's bioactive constituents 

particularly flavonoids (e.g., quercetin, 

kaempferol), phenolic acids, and polysaccharides 

exert anticancer effects through multiple 

mechanisms 
93

. Studies suggest that extracts of A. 

officinalis can inhibit lung cancer cell proliferation 

by inducing cell cycle arrest and promoting 

apoptosis via mitochondrial-dependent pathways, 

characterized by activation of caspase-3 and 

enhanced Bax/Bcl-2 ratio 
94

. Additionally, by 

increasing levels of enzyme and superoxide 

dismutase (SOD) and decreasing intracellular 

reactive oxygen species (ROS), A. officinalis 

demonstrates strong antioxidant activity, shielding 

pulmonary cells against oxidative DNA damage, a 

major cause of cancer 
95

. Suppression of NF-κB 

signaling, which is essential for tumor development 

and metastasis, and decreased levels of pro-

inflammatory cytokines like IL-6 and TNF-α have 

also been shown to have anti-inflammatory 

properties
96

. In experimental lung models, A. 

officinalis extract reduced histopathological 

damage, preserved alveolar architecture, and 

attenuated inflammatory cell infiltration 
97

. These 

findings suggest that Althaea officinalis may offer 

dual benefits protecting healthy lung tissue while 

exerting antiproliferative effects on malignant cells 

positioning it as a promising adjunct in lung cancer 

prevention and supportive therapy. However, 

further in-depth molecular studies and clinical 

validation are required to fully establish its efficacy 

and safety in oncology 
98

. (Table 1 provided list of 

major plants in lung cancer activity). 

Achillea millefolium: Recent investigations have 

identified Achillea millefolium (yarrow) as a 

promising source of anticancer compounds against 

lung cancer 
99

. By causing G2/M cell cycle arrest 

and initiating intrinsic apoptosis via mitochondrial 

mechanisms, its flavonoids (including apigenin and 

luteolin), phenolic acids, and sesquiterpene 

lactones have antiproliferative actions. Those 

factors stimulate caspase-3 and caspase-9, raise the 

Bax/Bcl-2 ratio, and encourage cytochrome c 

release 
100

. Furthermore, yarrow extracts reduce 

inflammatory mediators and lower tumor-

promoting cytokines including TNF-α and IL-6 via 

inhibiting the PI3K/Akt and NF-κB signaling 

pathways. By neutralizing oxygen pollutants and 

upregulating Nrf2-regulated enzymes that inhibit 

free radicals, Achillea millefolium also exhibits 

antioxidant action, shielding lung epithelial cells 

from oxidative DNA damage
.101

. Recent in-vivo 

studies have shown reduced tumor growth and 

improved lung histopathology following yarrow 

treatment
102

. Together, these findings highlight A. 

millefolium as a multi-targeted natural agent with 
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chemo preventive and therapeutic potential against 

lung cancer 
103

. 

Taraxacum mongolicum: Taraxacum mongolicum, 

often referred to as Mongolian dandelion, has 

emerged as a promising medicinal herb with 

anticancer potential, notably in respiratory 

malignancies such as lung cancer 
104

. Recent 

studies have identified that its bioactive 

components including taraxasterol, chlorogenic 

acid, caffeic acid derivatives, and polysaccharides 

exert multiple chemopreventive and therapeutic 

mechanisms 
105

. According to in-vitro studies, T. 

mongolicum extracts dramatically reduce the 

growth of non-small cell lung cancer cells by 

downregulating the production of CDK4 and cyclin 

D1, which causes cell cycle arrest at the G0/G1 

phase 
106

. Furthermore, as demonstrated by 

elevated cytochrome c release, caspase-9 and 

caspase-3 activation, and the Bax/Bcl-2 ratio, 

taraxasterol stimulates mitochondrial-mediated 

apoptosis. A key component of its protective 

impact is its anti-inflammatory action, which is 

achieved by suppressing the NF-κB and STAT3 

signaling pathways. This lowers the production of 

pro-inflammatory cytokines like TNF-α and IL-6, 

which are known to promote tumor growth 
107

. 

Furthermore, T. mongolicum exhibits potent 

antioxidant effects by enhancing the activities of 

superoxide dismutase and glutathione peroxidase 

while reducing intracellular reactive oxygen 

species, thereby protecting lung tissue from 

oxidative DNA damage and mutagenesis 
108

. 

Recent in-vivo models have confirmed that oral 

administration of T. mongolicum extract can 

attenuate tumor growth, inhibit angiogenesis by 

downregulating VEGF expression, and improve 

histopathological features of lung tissue exposed to 

carcinogens 
109

. According to these results, 

Taraxacum mongolicum has multi-targeted effects, 

including antiproliferative, pro-apoptotic, anti-

inflammatory, and antioxidant properties, making it 

a viable natural option for early detection and 

supportive treatment of lung cancer 
110

. To 

determine its safety, ideal dosage, and therapeutic 

effectiveness in human populations, more clinical 

research is necessary 
111

. 

Curcuma longa: Over the last few years, a great 

deal of research has been done on the anticancer 

effects of Curcuma longa, also known as turmeric, 

especially in relation to lung cancer 
112

. Recent 

research has shown that curcumin, its main 

bioactive ingredient, inhibits the growth and spread 

of lung tumors through a variety of ways 
113

. By 

suppressing the production of cyclin B1 and CDK1, 

curcumin stops cell division by stopping a cell 

cycle in the G2/M phase 
114

. Through the 

mitochondrial route, it triggers apoptosis, which is 

shown by an elevated Bax/Bcl-2 ratio, 

depolarization of the cell membrane potential of the 

mitochondria, release of cytochrome c, and the 

expression of caspase-3 and caspase-9 
115

. 

Curcumin also inhibits the PI3K/Akt/mTOR and 

NF-κB signaling pathways, which lowers the 

transcription of pro-inflammatory and anti-

apoptotic genes including Bcl-xL, COX-2, and 

TNF-α all of which are important contributors to 

lung carcinogenesis 
116

. Recent evidence has also 

highlighted its capacity to inhibit EMT, thereby 

reducing invasion and metastasis by 

downregulating matrix metalloproteinases (MMP-2 

and MMP-9) and suppressing vimentin production 
117

. Moreover, curcumin exhibits strong antioxidant 

activity by eliminating unstable oxygen species and 

upregulating Nrf2-mediated expression of 

detoxifying enzymes, protecting normal lung 

epithelial cells from oxidative DNA damage 
118

. 

Novel nano-formulations and curcumin-loaded 

lipid carriers have further improved its 

bioavailability and demonstrated enhanced 

chemotherapeutic efficacy in lung cancer xenograft 

models 
119

. Although carefully planned research 

studies are required to confirm its therapeutic 

usefulness, these results collectively highlight 

Curcuma longa's potential as a promising natural 

drug for the chemoprevention and adjuvant therapy 

of lung cancer
120

. 

Allium sativum: Recent research highlights Allium 

sativum (garlic) as a potent natural agent against 

lung cancer through multiple mechanisms 
121

. 

Allicin, diallyl disulphide, and S-allyl cysteine are 

examples of bioactive sulphur compounds that stop 

the growth of lung cancer cells by causing a cell 

cycle stoppage and triggering the mitochondrial 

mortality systems 
122

. These compounds upregulate 

Bax, downregulate Bcl-2, and trigger caspase-3 

activation, promoting programmed cell death 
123

. 

Garlic extracts also suppress PI3K/Akt and NF-κB 

signaling, reducing inflammatory cytokines (TNF-

α, IL-6) that support tumor growth 
124

. 
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Additionally, garlic’s antioxidant properties 

decrease reactive oxygen species and prevent 

oxidative DNA damage in lung epithelial cells 
125

. 

Recent in-vivo studies have demonstrated that 

garlic supplementation attenuates tumor volume 

and limits metastasis by inhibiting matrix 

metalloproteinases and angiogenesis markers like 

VEGF 
126

. Collectively, these findings indicate that 

Allium sativum offers multi-targeted protective 

effects, supporting its role as a chemopreventive 

and adjunct therapeutic agent against lung cancer 
127

. 

Taxus brevifolia: Taxus brevifolia, the Pacific 

Yew, is renowned for producing paclitaxel, a 

diterpenoid extensively used in lung cancer 

chemotherapy 
128

. Paclitaxel possesses curative 

properties through stabilizing microtubules and 

preventing their depolymerization, which arrests 

the cell cycle at the G2/M phase and leads to 

mitotic catastrophe 
129

. According to recent studies, 

paclitaxel also causes lung cancer cells to undergo 

mortality by triggering the release of cytochrome c 

and activating caspase-9 and caspase-3 
130

. 

Furthermore, paclitaxel decreases the formation of 

vessels by downregulating vascular endothelial 

growth factor (VEGF) and inhibits epithelial–

mesenchymal transition, reducing metastasis 

potential 
131

. Emerging nanoparticle formulations 

and albumin-bound paclitaxel have enhanced drug 

solubility, tumor targeting, and reduced systemic 

toxicity 
132

. Studies also report paclitaxel’s ability 

to alter antibody responses by encouraging the 

developmental stages of dendritic cells and 

enhancing cytotoxic T-cell activity against lung 

tumors 
133

. Collectively, Taxus brevifolia remains a 

cornerstone in lung cancer treatment due to its 

unique multi-targeted mechanisms and clinical 

efficacy 
134

. 

Tinospora cordifolia: Recent investigations 

highlight Tinospora cordifolia (Guduchi) as a 

promising botanical for lung cancer prevention and 

adjunct therapy 
135

. Its bioactive constituents, 

including tinosporaside, berberine, and 

cordifolioside, exert multiple anticancer 

mechanisms 
136

. Studies demonstrate that T. 

cordifolia extracts induce apoptosis in lung cancer 

cells by increasing Bax/Bcl-2 ratios, activating 

caspase-3, and disrupting mitochondrial membrane 

potential 
137

. Furthermore, the plant downregulates 

pro-inflammatory cytokines such as TNF-α and IL-

6 by inhibiting NF-κB signaling, thereby reducing 

tumor-promoting inflammation 
138

. Antioxidant 

properties further contribute to chemoprevention by 

eliminating unstable oxygen species and enhancing 

endogenous defense enzymes like superoxide 

dismutase and catalase, protecting lung tissue from 

oxidative DNA damage 
139

. In-vivo models show 

that T. cordifolia suppresses tumor growth, 

preserves lung histoarchitecture, and improves 

immune responses by stimulating natural killer cell 

activity. Collectively, these findings underscore 

Tinospora cordifolia’s multi-targeted promise as an 

organic, safe lung cancer treatment management 

and prevention 
140

. 

Vitis vinifera: Vitis vinifera (grape) has gained 

attention for its rich polyphenolic content, 

especially resveratrol and proanthocyanidins, 

which exhibit potent anticancer effects against lung 

cancer 
141

. According to recent research, resveratrol 

causes lung cancer cells to undergo mortality via 

triggering the breakdown of mitochondria, which is 

shown by an elevated Bax/Bcl-2 ratio and caspase-

3 activation 
142

. It also inhibits cell proliferation by 

arresting the cell cycle at the S-phase and 

suppressing cyclin D1 expression 
143

. Additionally, 

resveratrol downregulates PI3K/Akt and NF-κB 

signaling, reducing pro-inflammatory cytokines 

and survival signals critical for tumor growth 
144, 

145
. Grape-derived polyphenols exhibit strong 

antioxidant properties, scavenging reactive oxygen 

species and protecting lung epithelial cells from 

oxidative DNA damage 
146

. In-vivo models reveal 

that grape extracts suppress angiogenesis by 

lowering VEGF levels and inhibit metastasis 

through modulation of matrix metalloproteinases 
147

. Collectively, Vitis vinifera demonstrates multi-

targeted chemo preventive and therapeutic 

potential, supporting its use as a complementary 

strategy against lung cancer 
148

. 

Camellia sinensis: Camellia sinensis, widely 

consumed as green tea, has shown significant 

anticancer potential against lung cancer through its 

abundant polyphenols, particularly EGCG 
149

. 

According to recent research, EGCG suppresses the 

growth of lung cancer cells by downregulating 

cyclin D1 and CDK4 to cause cell cycle arrest at 

the G1 phase 
150

. Through mitochondrial 

mechanisms, it induces apoptosis, which is shown 
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by an increase in the Bax/Bcl-2 ratio, cytochrome c 

release, and caspase-3 activation. Furthermore, 

EGCG inhibits the MAPK and PI3K/Akt signalling 

mechanisms, which lowers tumor growth and 

survival. Because of its potent antioxidant 

properties, it scavenges reactive oxygen species 

and shields cells in the lung epithelium from DNA 

oxidation 
151

. Green tea polyphenols also inhibit 

angiogenesis by downregulating VEGF and limit 

metastasis by decreasing matrix metalloproteinase 

expression 
152

. Recent in-vivo studies confirm that 

green tea extracts reduce tumor volume and 

improve survival in lung cancer models 
153

. 

Collectively, Camellia sinensis offers promising 

chemo preventive and therapeutic benefits for lung 

cancer management 
154

. (Table 2 & Fig. 4 provided 

major phytoconstituents in lung cancer activity) 

TABLE 2: LIST OF PLANT BASED INDIVIDUAL COMPOUNDS SHOWING ANTI LUNG CANCER ACTIVITY 

Individual compound Cell lines Mechanism of action Ref. 

Ginsenosides A549, H460, H1299 Inhibits cell proliferation and invasion by modulating PI3K/Akt, 

MAPK, and NF-κB pathways. 

81
 

Quercetin A549, H460, H1975 Inhibits STAT3 and PI3K/Akt signaling, and causes cell cycle 

arrest 

82
 

Flavonoids A549, H1299 Block NF-κB activation 
83

 

Taraxasterol A549 Suppresses proliferation, induces apoptosis, inhibits NF-κB and 

MAPK pathways 

84
 

Curcumin A549, H1299, H460 Induces apoptosis and inhibits proliferation through suppression 

of NF-κB, STAT3, and EGFR pathways and causes G2/M cell 

cycle arrest 

85
 

Allicin A549, H520 Induces apoptosis via caspase-3 activation, 

inhibits angiogenesis by downregulating VEGF and MMPs 

86
 

Paclitaxel A549, H460, H1299 Binds to β-tubulin, stabilizes microtubules, causing mitotic arrest 

and apoptosis 

87
 

Tinosporaside A549 Inducing effects by mitochondrial pathway activation 
88

 

Resveratrol A549, H1299, H1975 Induces apoptosis via activation of p53 and caspases, suppresses 

NF-κB, inhibits proliferation and metastasis 

89
 

Epigallocatechin-3-

gallate 

A549, H460, H1975 Induces apoptosis, inhibits PI3K/Akt and MAPK pathways, 

suppresses VEGF and telomerase activity. 

90
 

 
FIG. 4: POTENTIAL HERBAL COMPOUNDS THAT’S HAVE INHIBITORY ACTION IN LUNG CANCER 
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TABLE 3: LIST OF ANOTHER HERBAL PLANT THAT’S HAVE ANTI LUNG CANCER ACTIVITY 

Herbal 

medicinal 

plant 

Common name 

and family 

Part used Bioactive constituents Mechanism of action Ref. 

Catharanthus 

roseus 

CN. Vinca 

alkaloids 

FN.  Apocynaceae 

Flowers and 

leaves 

Vinblastine, vincristine, Non-small cell lung cancer. 155


 

Camptotheca 

acuminata 

CN.  Cancer Tree 

FN. Nyssaceae 

Bark, fruits, 

and leaves 

Camptothecin Inhibit DNA replication 155


 

Dioscorea 

bulbifera 

C.   Air Potato 

F.   Dioscoreaceae 

Flowers Diosgenin, kaempferol-3, 

5- dimethyl ether, lutein, 

zeaxanthin 

Inhibits tumor-promoting 

inflammatory mediators 

(COX-2, TNF-α), and exerts 

antioxidant effects. 

155


 

Podophyllum 

peltatum 

CN.   mayapple 

FN.   Berberidaceae 

Whole plant, 

leaves, and 

roots 

Podophyllotoxin Prevent the polymerization of 

tubulin 

155


 

Cephalo taxus 

harringtonia 

CN.   Japanese 

plum yew 

FN.    Taxaceae 

Rhizomes Cephalotaxin Blocking the synthesis in the 

peptidyl transferase center 

156


 

Salvia 

coccinea 

CN.  Scarlet Sage 

FN. Lamiaceae 

Aerial parts 

and leaves 

Apigenin, luteolin, and 

rosmarinic acid 

Inhibiting cell proliferation 

and migration 

157


 

Salvia 

leucantha 

CN.  Mexican bush 

sage FN.  

Lamiaceae 

Flowers, 

leaves, and 

aerial parts 

Sesquiterpene 

Hydrocarbons, such as β-

caryophyllene, α-guaiene, 

and germacrene D 

Inhibition of tumor growth and 

metastasis. 

157


 

Salvia 

splendens 

CN.  Scarlet Sage 

(Red) FN.  

Lamiaceae 

Seed Splenolides, terpenes and 

terpenoids such as β-

cubebene 

Inducing apoptosis, inhibiting 

proliferation 

157


 

Rosmarinus 

officinalis 

CN.  rosemary 

FN.   Lamiaceae 

Leaves Rosmarinic acid, Carnosic 

Acid 

Inducing apoptosis 

(programmed cell death) 

158


 

Lonica 

japonica 

CN.  Japanese 

honeysuckle FN. 

Caprifoliaceae 

Flower buds 

and stems 

Linalool and fatty acids blocking the cell cycle 159


 

Matricaria 

chamomile 

CN.  chamomile 

FN. Asteraceae 

Flower head Caffeic acid phenethyl 

ester, terpenoids, 

flavonoids, and coumarins 

Significant apoptotic effects 

on pulmonary epithelial cancer 

cells (A549) 

159


 

Clausena 

excavata Burm 

CN.  pink lime-

berry FN. Rutaceae 

Leaves, 

roots, stems, 

and fruit 

Coumarins and carbazole 

alkaloids 

Growth inhibition of non-

small-lung cancer, NCI-H460, 

cell line via apoptosis 

160


 

Carica papaya CN.  papaya 

FN.  Caricaceae 

 

Seed Flavonoids, alkaloids, 

sapponents, terpenoids, 

and amino acids 

Role on the mRNA expression 

of IL-6 and TNF-a 

161


 

Plantago 

lanceolata 

CN.  ribwort 

plantain 

FN.   

Plantaginaceae 

Leaves Polysaccharides, tannins, 

flavonoids, phenolic acids 

and iridoid glycosides 

Suppress proliferation in lung 

cancer cell lines 

162


 

Andrographis 

paniculata 

CN.  Kalmegh 

FN. Acanthaceae 

Leaves Andrographolide,  

Andrographoside,  β-

Sitosterol 

Against a target ERK2 

(Extracellular Signal-related 

kinase 

163


 

Ocimum 

sanctum 

CN.  Holy Basil or 

Tulsi 

FN.  Lamiaceae 

Leaves Eugenol, rosmarinic acid, 

ursolic acid 

Stabilize mast cells, suppress 

IgE 

164


 

Alhagi 

maurorum 

CN. Camel Thorn 

camelthorn 

FN.  Fabaceae 

Leaves Steroids, resins, 

flavonoids, fatty acids, 

coumarins and vitamins 

Treatment of lung cancer 165


 

Thymus 

fedtschenkoi 

CN.  Fedtschenko's 

thyme 

FN.  Lamiaceae 

Stem, leaf, 

and flower 

Thymol and carvacrol Inhibiting effect on the lung 

cancer cell lines: NCI-H661 

166


 

Artemisia 

annua 

CN. Sweet 

wormwood 

Leaves, 

flowering 

Artemisinin and various 

volatile 

Inhibiting the  multiple 

pathways like PI3K/AKT, 

167


 

https://www.google.com/search?sca_esv=bfaf69fb110dbe71&rlz=1C1CHBD_enIN1175IN1175&cs=0&sxsrf=AE3TifNDi2Q11ruEO3wsJlE7dkQVXpZJ4g%3A1758297592591&q=Cephalotaxine&sa=X&ved=2ahUKEwjH2PT6mOWPAxVy4zgGHT1mETcQxccNegQIEBAB&mstk=AUtExfD0sKpKaT2VXd0cBlANG5uEsNt_yaeKqBDJYINomAP25Er38YG32KwwWOrKrC5ws00_Tjv0z0pV9FXDXxp0G0DjorqQYfQmPoJs4Fnssc_U-0kKEdiHMA8Y9nEd33bI-G9ujI3ATDh9MiIzgKWa7R9b4-Lp0jbPSfqfjxj-al_Wip0vBhcjnaq6VDXPw2NqC3n7Z4S3wUQPB_1FzSs0skqfsIwanM53REmz2ZsKS7-xmzUNTwMumpCvIvUD2PEUsjIf8TAgmvjcKTHFxauogoitV0-1Rn3O0kubVZDQxEIf81uOv8d2W8LekemclPpKkY7S2faBiRyBAZ2rBGquClsaRM0EmV0nlZ7GSWViJnh3PAMIKqw2TpDP-pGJtNWlyqILsLo7GbSubNntJV4PQw&csui=3
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FN.  Asteraceae tops JAK-STAT 

Artemisia afra CN.  African 

wormwood 

FN. Asteraceae 

leaves, 

young stems, 

and roots 

camphor, thujone, and 

cineole 

suppressing angiogenesis 167


 

Alpinia 

galanga 

CN.  greater 

galangal FN.  

Zingiberaceae 

rhizome 1',S'-1'-acetoxychavicol 

acetate,  β-pinene 

preventing cancer cell 

proliferation 

168


 

Piper nigrum CN. Black Pepper 

FN.  Piperaceae 

dried unripe 

fruits 

Piperine,  β-caryophyllene, 

limonene, and β-pinene 

inhibiting angiogenesis (new 

blood vessel formation) 

168


 

Citrus 

aurantifolia 

CN. Key Lime 

FN.  Rutaceae 

fruit, leaves, 

rind, and 

roots 

limonene, linalool, citral induce apoptosis in cancer 

cells through pathways like the 

caspase-3 and p53 pathway 

168


 

Tiliacora 

triandra 

CN. Yanang or Bai 

Yanang 

FN.  

Menispermaceae 

leaves and 

roots 

Tiliacorinine, inhibiting key cancer signaling 

pathways 

168


 

Cannabis 

sativa 

CN.  hemp or 

marijuana 

FN.   Cannabaceae 

flowers, 

seed,leaves 

cannabinoids, terpenes, 

and flavonoids 

inhibit proliferation, invasion, 

and metastasis 

168


 

Origanum 

majorana 

CN.  sweet 

marjoram 

FN.  Lamiaceae 

stem terpinen-4-ol, cis-sabinene 

hydrate, α-terpineol, and γ-

terpinene 

inducing apoptosis and mitotic 

arrest, downregulating 

survivin 

169


 

Crinum 

bulbispermum 

CN. Orange River 

Lily, Vaal River 

Lily FN. 

Amaryllidaceae 

bulb Isoquinoline,  lycorine inhibiting  NSCLC 

proliferation and migration 

170


 

Pancratium 

maritimum 

CN. sea daffodil 

FN.  

Amaryllidaceae 

bulbs and 

seeds 

lycorine, galanthamine, 

crinine, and pancracine 

inhibiting  NSCLC 

proliferation and migration 

170


 

Hippeastrum 

vittatum 

CN. Amaryllis 

FN.  

Amaryllidaceae 

bulbs lycorine, narciclasine, 

vittacarboline, and O-

methylismine 

inhibiting  NSCLC 

proliferation and migration 

170


 

Acorus 

calamus 

CN.  Sweet flag 

FN. Acoraceae 

Rhizome Beta-asarone,  Methyl 

Isoeugenol,  Alpha-

asarone,   lectins 

apoptosis in lung carcinoma 

cells (A549) 

 

171


 

Dicoma 

anomala 

CN.  Fever bush, 

stomach bush 

FN. Asteraceae 

Leaves and 

roots 

flavonoids, sesquiterpenes, 

phytosterols, and 

triterpenes 

decreased proliferation and 

increased apoptosis induction 

172


 

Zingiber 

officianale 

CN.  Ginger 

FN.  Zingiberaceae 

rhizome 6-Shogaol,  gingerols, 

shogaols,  zingiberene 

6-Shogaol directly regulates 

Akt1/2 pathways, which will 

in turn lead to the growth 

inhibition or induce apoptotic 

cell death 

172


 

Lavatera 

cashmeriana 

CN. Kashmiri tree-

mallow 

FN.  Malvaceae 

seeds, 

tubers, and 

bulbs 

Phytol, 1-Eicosanol,  

2,6,10-trimethyl,14-

ethylene-14-pentadecane 

Inhibit cancer cell proliferation 

 

173


 

Hypericum 

perforatum 

CN.  St. John's 

wort FN. 

Hypericaceae 

flowers Caffeic acid, vanillic acid, 

volatile oil, catechin and 

epicatechin 

Inhibition of NF-κB 174


 

Lythrum 

salicaria 

CN. purple 

loosestrife 

FN. Lythraceae 

aerial-part coumarins, ellagic acid 

derivatives, triterpenes, 

steroids, 5-

hydroxypyrrolidin-2-one, 

phytol, and dodecanoic 

acid 

induced the apoptosis of the 

A549 NSCLC cell line 

174


 

Melilotus 

officinalis 

CN. yellow sweet 

clover 

FN. Fabaceae 

leaves daucosterol, androsin, p-

hydroxycinnamic and 

phydroxybenzoic acids 

Increasing the expression of 

pro-apoptotic proteins such as 

p53 

174


 

Mentha 

longifolia 

CN. wild mint 

FN. Lamiaceae 

aerial-part catechin; cinnamic, 

Benzoic, hydroxybenzoic, 

against A549 NCI-H322 174


 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/acoraceae
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coumaric 

Pinus 

sylvestris 

CN. Scots pine 

FN. Pinaceae 

Bark and 

leaves 

Cinnamic, (+)-catechin, 

rutin, resveratrol 

Against LU-1, A549 IMR90, 

HEK293 A549 

174


 

Plantago 

major L 

CN. greater 

plantain 

FN. Plantaginaceae 

Whole plant Luteolin, apigenin, and 

baicalein 

Against A549 174


 

Sambucus 

nigra 

CN. common elder 

FN. Caprifoliaceae 

Berries and 

flowers 

Palmitic acid, naringenin, 

Anthocyanins 

Against A549 174


 

Thymus 

serpyllum 

CN. wild thyme 

FN. Lamiaceae 

Stems gallic, caffeic, and 4-

hydroxybenzoic acids; 

rutin; naringin; and 

catechol 

Against A549 174


 

Tussilago 

farfara 

CN. coltsfoot 

FN. Compositae 

(Asteraceae) 

Leaves Valine, leucine, threonine, 

myricetin 

Against A549 174 

 

CONCLUSION: In conclusion, comparison to 

different cancers, lung cancer is becoming more 

common and fatal globally. This is mostly because 

of genetic predispositions, environmental 

contaminants, and tobacco smoking. Despite being 

frequently used, significant side effects, limited 

efficacy in advanced stages, and the evolution of 

drug resistance are some of the challenges faced by 

conventional chemotherapy. The necessity to 

investigate methods that can improve treatment 

results while lowering toxicity is highlighted by 

this. One possible interdisciplinary strategy for the 

treatment of lung cancer is phytotherapy, which 

uses bioactive compounds produced by plants. 

While typically having fewer side effects than 

traditional medications, natural substances like 

ginsenosides, curcumin, resveratrol, and 

epigallocatechin gallate have shown the capacity to 

modify important molecular pathways, such as NF-

κB, STAT3, MAPK, and PI3K/Akt, which are 

crucial for the development, progression, and 

metastasis of tumors. In the future, lung cancer care 

may undergo a significant shift with the adoption of 

an integrated treatment strategy which integrates 

the benefits of contemporary chemotherapy with 

based on research phytotherapy, eventually 

providing patients with better outcomes of life and 

better life chances. 
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