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Abstract
Globally cancer is the second leading reason for death. Of note, lung cancer is one of the most commonly seen cancer in different 

parts of the world. Despite significant advancements in the treatment and management plans, the number of mortality cases every 
year continue to increase. This therefore raises the need to look into novel strategies and compounds that can specifically target the 
key players involved in lung carcinogenesis. In the present review, we discuss the role of some of the promising naturally occurring 
as well as chemically synthesized compounds, namely, α-mangostin, curcumin, resveratrol and quinazolinones derivatives, in lung 
cancer.
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Introduction

Lung cancer is a highly prevalent cancer worldwide including, India. Owing to the absence of defined clinical symptoms, lung cancers 
are usually diagnosed at later stages. According to the American cancer society, ~ 24.7% deaths were due to lung cancer in both men and 
women in United States [1], while in India and Europe deaths due to lung cancer approximated 18.1% and 20% respectively. Incidence 
rate and mortality patterns for lung cancer are chiefly associated with smoking history, tobacco consumption as well as the integrity of 
DNA repair mechanisms [2]. The various types of lung cancer are classified based on their histotypes [3]. Non-small-cell lung cancer 
(NSCLC) which is a major type (85% of lung cancer cases) includes histotypes of adenocarcinoma, squamous cell carcinoma, large cell 
carcinoma, while small cell lung cancer accounts for 15% [4]. Besides, surgical resection (a consistent and classical approach), strategies 
to cure lung cancer includes chemotherapy, radiotherapy, use of tumour-targeted drug conjugate etc. Despite recent developments in 
diagnostics and treatment strategies, the survival rate for lung cancer has not improved over the decade. This can be attributed to the late 
stage diagnosis, resistance towards chemotherapy and its adverse effects, local recurrences and distant metastasis. Thus, there is a need 
for reconsideration of treatment strategies which may incorporate the use of natural as well as synthetic compound in conjunction with 
the existing chemo- or radio-therapy (combinational/adjuvant therapy) [5].

Chemotherapy thus far has shown some promising results in metastatic disease but have also met with disease recurrence at a later 
stage. Platinum based therapy doublets are currently been appreciated, they are consisted of a combination of natural/synthetic com-
pounds along with platinum based-compounds such as Paclitaxel, Docetaxel, Gemcitabine and Vinorelbine [6]. Besides, several other 
novel approaches based on protein target, immune-checkpoint-inhibitors, tumour-targeted drug conjugates such as antibody-drug con-
jugates, radio-immuno conjugates, small-molecule drug conjugates are also been recently considered [7]. Various naturally occurring 



Citation: Rachana Garg., et al. “Roadmap for Lung Cancer Treatment: Role of Natural and Synthetic Inhibitors”. EC Pulmonology and 
Respiratory Medicine 9.4 (2020): 94-106.

Roadmap for Lung Cancer Treatment: Role of Natural and Synthetic Inhibitors

95

(polyphenolic/flavonoid) and synthetic derivatives are now being extensively employed either alone or as part of combinational/adjuvant 
therapy [8,9]. Towards this end, in this review we are highlighting both the role as well as the benefits of some of the naturally occurring 
plant derivatives (α-mangostin, curcumin and resveratrol) along with a promising synthetic anti-cancer class of compounds (quinazoli-
nones derivatives).

Naturally occurring plant derivatives

Curcumin

Curcumin is a polyphenolic compound bearing molecular formula C21H20O6 and a molecular weight of 368.38 Da [10]. It is an active 
ingredient of turmeric [11,12] which is obtained from the rhizomes of Curcuma longa Linn [13]. Turmeric as well its active ingredient, 
curcumin has been reported to possess anti-oxidant [14-18], anti-inflammatory [19-26], anti-viral [27-33], anti-fungal [34-41]. There 
are plethora of evidences reporting both turmeric and curcumin to prevent chemical-induced tumorigenesis [11,42]. Besides, the anti-
initiating as well as anti-promoting effects of turmeric/curcumin has been well established [11,12,42].

Figure 1: 1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6 heptadiene-3,5-dione (Curcumin).

Curcumin has been shown to reduce the carcinogen-induced DNA adduct formation in lung, liver and skin tissues of mice [12]. In the 
table 1, we have summarized the effects of curcumin on lung cancer.

Cell line Cellular Mechanism References
A549 Proliferation, 

apoptosis
Regulation of Bcl-2/Bax, mitochondrial apoptotic pathway [43]

SCLCNCI-
H446, NCI-

1688

Proliferation, mi-
gration, invasion

Inhibits phosphorylation of STAT3, downregulation of cyclin 
B1 and cyclin D1

[44]

A549 Invasion, metas-
tasis

Intervention of PKCα/Nox2/ROS/ATF-2 pathway [45]

95D (highly 
metastatic 

lung cancer 
cell line)

metastasis Inhibition of miR-34a-5p/miR-34c-5p/miR-302b-3p-LEF1-
CCND1/WNT1/MYC axis

[46]

A549 and 
H2170

Cancer stem cells Inhibition of CD166+/EpCAM+ subpopulation of cells [47]

A549 Proliferation, 
apoptosis, inva-
sion and migra-

tion

Curcumin co-treatment with carboplatin and cisplatin 
downregulated MMP-9 and BCL-2 while it increased cas-

pase-3 and caspase-9 expression. Suppressed NF-kB, Akt/
IKK a signalling

[48]

A549 Migration, inva-
sion

Inhibition of adiponectin receptor-1 via NF-κB/MMP path-
way

[49]

A549 Invasion, metas-
tasis

Inhibit the expressions of GLUT1, MT1-MMP and MMP2 [50]
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Notably, curcumin has also been reported to cross blood-brain barrier due to its lipophilicity [10]. It undergoes a keto-enol tautomer-
ism, of which the enol form is chiefly responsible for the anti-oxidant nature [10]. However, major issues with the drug ability of curcumin 
has been related to its low bioavailability [13]. This has been attributed to the high rate of first pass metabolism via glucuronidation and 
sulfation, thereby hampering its therapeutic efficacy [13]. Though efforts have been directed towards this end via the development of 
nano-curcumins, there are still various problems associated with delivery and absorption. Studies are ongoing towards the betterment of 
nano-formulations and their delivery in order to enhance the usage of curcumin in most efficacious manner [10].

α-mangostin

α-mangostin (1,3,6-trihydroxy -7 -methoxy-2,8-bis(3-methyl-but-2-en -1-yl)-9H-xanthene -9-one) is a xanthone derivative isolated 
from the pericarp of Mangosteen fruit (Garcinia mangostana Linn.) [58]. α-mangostin has been reported to show various physiological 
effects including anti-inflammatory, antifungal and antidiabetic [59]. Notably, several studies have also highlighted the anticancer effect 
of alpha mangostin in breast cancer, head and neck cancer, leukaemia, lung cancer.

NCI-H292 
LSCC

Proliferation STAT3 inhibition, increased FOXA2 expression [51]

Beas-2B cell, 
A549

Cell survival Induction of UBE1L expression, EGFR downregulation and 
its downstream signalling events

[52]

CL1-5, H1975 
and A549

Tumor growth 
and apoptosis

Decreased expression of EGFR, c-MET, cyclin D1. Induction 
of apoptosis, increased expression of caspase-8, caspase-9 

and PARP

[53]

H1299 and 
A549

Cancer stem cells Acts on Wnt/ß-catenin and hedgehog pathway. Decreased 
expression of lung cancer stem cell markers and CD133 

positive cells.

[54]

NCI-H446 and 
NCI-1688

Cell proliferation, 
cell cycle, migra-

tion, invasion and 
angiogenesis

Inhibition of STAT3 phosphorylation [44]

PC-14, H1299 Apoptosis Inhibition of COX-2, EGFR and p-ERK1/2 [55]
A549, PC-9 EMT and angio-

genesis
Inhibition of HGF-activated migration [56]

A549, H1299 Apoptosis Regulation of IP3R phosphorylation, calcium accumulation, 
apoptosis by mitochondrial pathway

[57]

Table 1: Anti-carcinogenic effects of curcumin in lung cancer.

Figure 2: Chemical structure of α-mangostin.
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α-mangostin has been shown to inhibit the invasive and migratory potential of lung cancer cells [60]. It has been shown to suppress 
phorbol 12- myristate 13 -acetate induced MMP-2/MMP-9, αvβ3 integrin and FAK/ERK/NF-ĸB signalling pathway in human lung adeno-
carcinoma cells [60]. Kieu., et al. demonstrated thatα-mangostin exerts anti-metastatic activity by the reduction of actin cytoskeleton in 
lung cancer cells. α -mangostin has been shown to induce apoptosis and ROS-mediated cytotoxicity in NSCLC (non-small cells lung cancer) 
cells [61]. The table 2 lists the effects of α-mangostin on lung cancer.

Sr. No. Cell lines Cellular effect Mechanism Reference
1. A549 Migration and invasion Antimetastatic activity [62]
2. A549, WI-38 Metastasis and cell adhesion Downregulated MMP-2 and MMP-9 

expression via αvβ3 integrin
[60]

3. A549, WI-38 and hPBMC Cell survival ROS mediated cytotoxicity [61]

Table 2: Anticancer effect of α-mangostin.

Resveratrol

Resveratrol (3,5,4’- trihydroxy-stilbene) is a natural polyphenolic phytoalexin isolated from grapes, peanuts, mulberries, and legumes 
[63]. It is also known to be produced due to stress, injury, fungal infection, or UV exposure. Resveratrol has been reported to induce anti-
oxidant and anti-inflammatory effects in different cancer cells such as breast, cervical, uterine, blood, kidney, liver, colon, head and neck, 
and lung cancer.

Figure 3: Chemical structure of resveratrol.

Resveratrol has been reported to decrease cell viability and proliferation of lung cancer cells while it induced apoptosis [63]. This was 
associated with an increased hydrogen peroxide production and activation of Bid, PARP and caspase 8. Resveratrol was found to cause 
significant downregulation of pEGFR, pAkt, c-FLIP and NF-kB protein expression [63,64]. It has also been shown to induce autophagy by 
increasing beclin - 1, LC3 II/I and SIRT1 expression and decreasing p62 expression and activating p38/MAPK and inhibiting Akt/mTOR 
signalling in NSCLC [65]. Bae., et al. showed that resveratrol treatment induced apoptosis via Bak mediated AIF-dependent mitochondrial 
apoptotic signalling pathway in ASTC-a-1 and A549 lung cancer cells [66] and alters miRNA expression in NSCLC cells [67]. Resveratrol 
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showed synergistic cytotoxic effect in combination with pemetrexed in NSCLC cells by downregulating MKK3/6-p38 MAPK -ERCC1 sig-
nalling [68]. Treatment with resveratrol supressed lung cancer cell adhesion, metastasis, invasion and inhibited TGF-β1-induced epithe-
lial to mesenchymal transition [69,70]. It has also been shown to induce GADD45a [70], inhibit XRCC1 expression and enhance etoposide 
- induce cell death in lung cancer cells [71]. It inhibited invasiveness in lung cancer cells via decreasing MMP-2 and MMP- 9 expression 
through HO-1 mediated NF-kB pathway [72]. In another study, resveratrol was shown to induce premature senescence with increase in 
DNA double strand breaks (DSBs) and reactive oxygen species (ROS) production in lung cancer cells [73]. The treatment of resveratrol 
in co-cultured A549 and mesenchymal stem cells resulted in suppression of the release of IL-6 and VEGF [74]. Furthermore, resveratrol 
treatment arrested the cells in the G0/G1 phase via p53 independent pathway, this was accompanied by the downregulation of cyclin D1, 
CDK4 and CDK6 expression whilst there was upregulation of CDK inhibitors, p21 and p27 [75]. Resveratrol has been reported to enhance 
ionizing radiation induced cell killing in NSCLS through apoptosis independent mechanism [76]. Table 3 below lists the effects of resve-
ratrol on lung cancer.

Synthetic derivatives

In the last decade, significant advancements in the therapeutics of lung cancer has been seen, majorly, where the drugs having been 
synthesized to act on the specific target or pathway. This had been possible as a result of the molecular studies that have dissected the 
underlying mechanism and/or identified the specific target dysregulated in cancer. This has ultimately led to the development of efficient 
and targeted chemotherapy. Table 4 below lists the drugs that are currently recognised as therapeutics for lung cancer, with their current 
advancements with respect to the clinical [78,79].

Targets Drugs Clinical trial (phase)
Epidermal growth factor 

receptor (EGFR)
Gefitinib

Erlotinib

Afatinib

Osimertinib

Necitumumab

Approved

Approved

Approved

Approved

Approved
Anaplastic lymphoma 

receptor tyrosine kinase 
(ALK)

Rociletinib

Crizotinib

Alectinib

Ceritinib

Lorlatinib

Brigatinib

Phase III

Approved

Approved

Approved

Phase II

Phase II
Mesenchymal-to-epithelial 

transition (MET) erbB2 
receptor tyrosine kinase 2 

(HER2)

Crizotinib

Cabozantinib

Trastuzumab emtansine

Afatinib

Dacomitinib

Phase II

Phase II

Phase II

Phase II

Phase II
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ROS proto-oncogene

1 (ROS1)

Crizotinib

Cabozantinib

Ceritinib

Lorlatnib

DS-6051b

Approved

Phase II

Phase II

Phase II

Phase I
B-Raf proto-oncogene 

(BRAF)
Vemurafenib

Dabrafenib

Phase II

Phase II
Ret proto-oncogene (RET) Cabozantinib

Alectinib

Apatinib

Vandetanib

Ponatinib

Phase II

Phase II

Phase II

Phase II

Phase II
Neurotrophic tyrosine 
kinase receptor type1 

(NTRK1)

Lenvanib

Entrectinib

LOXO-101

Cabozantinib

Phase II

Phase II

Phase II

Phase II
Phosphatidylinositol-4,5-

bisphosphate 3-kinase 
(PI3KA)

DS-6051b

LY3023414

PQR 309

Phase I

Phase II

Phase I
Mitogen-activate protein 

kinase 1 (MEK1)
Trametinib

Selumetinib

Cobimetinib

Phase II

Phase III

Phase I

Table 4: Current therapeutic drugs targeting lung cancer.

Quinazolinones

Quinazolinones are heterocyclic synthetic molecule that have recently been appreciated for their activity against multiple cancer. 
Figure 4 shows a typical structure of a quinazolinone. Quinazolinones are known to possess wide range of activities like: anti -microbial, 
anti-malarial, anti-convulsant, anti-histaminic, anti -hyperlipidemic, anti-influenza and so on [80]. Thus far, as an anti- cancer agent, it has 
mainly been employed in targeting epidermal growth factor (EGFR) with some potential shown towards inhibition of histone deacetylase 
(HDAC), hedgehog (Hh), PI3K/Akt/mTOR and NF-κB pathway, as discussed below.
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Quinazolinone as EGFR inhibitor

EGFR is an important target in lung cancer, since this receptor is found to be over-expressed in > 60% of NSCLC [81]. It is a transmem-
brane receptor belonging to tyrosine kinase family. As a result of its phosphorylation/activation, various intracellular signalling pathways 
are activated including ERK/MAPK, PI3K/AKT and JAK/STAT. This in turn leads to decreased apoptosis with a concomitant enhancement 
in cell proliferation, angiogenesis, and metastasis, thereby contributing to pulmonary carcinogenesis. Phosphorylation of EGFR also plays 
essential role in the maintenance of tumor microenvironment [81].

Several synthetic tyrosine kinase inhibitors (TKIs) based on quinazolinone pharmacophore and monoclonal antibodies targeting 
EGFR are currently being employed as a therapeutic strategy. TKIs have majorly been designed to block the phosphorylation site of EGFR, 
resulting in inhibiting its activity. Erlotinib and Gefitinib (quinazolinamine derivatives) are two classic EGFR targeting drugs that are cur-
rently been used for the NSCLCs therapy. Table 5 enlists some of the known quinazolinones-based drugs targeting EGFR that are being 
used against lung cancer.

Generation Drugs Targets
First generation Gefitinib

Erlotinib

EGFR TKIs
EGFR TKIs

Second generation Afatinib

Dacomitinib

HKI-272

XL647

BIBW2992

EGFR, HER2

EGFR, HER2, vascular endothelial 
growth factor receptor (VEGFR) 
2, FLT-4, and EphB4 (irreversible 

inhibitor of EGFR and HER2)

Table 5: Quinazolinone derivatives targeting EGFR.

Many more derivatives of the quinazolinones have shown effects in lung cancer in vitro and are yet to enter the market. Mahdavi., et 
al. documented that a novel quinazolin-4(3H) - one molecule linked to 1,2,3-triazoles show anti-cancer effects in A549 lung cancer cells, 
comparable to the existing drug, erlotinib.

Through molecular docking analysis they showed that this novel compound interacted with EGFR [82]. Adel S., et al. synthesized 
2-substituted mercapto-3-(3,4,5-trimethoxybenzyl)-4(3H)-quinazolinone analogues and showed significant anti-tumour activity with 
EGFR interaction using multiple lung cancer cell lines [83]. Hour., et al. synthesized 2-aryl-6-substituted quinazolinones and showed its 
anti- cancer effects on lung squamous carcinoma: CH27 and lung non-small carcinoma: H460 cell lines [84].

Quinazolinones as histone deacetylase inhibitors (HDACi)

Histone Deacetylase (HDAC) acts as an important regulator of gene expression. For a gene to be expressed, the acetylation of the 
histone group plays essential role, which in turn influences the gene transcription, while deacetylation causes its transcriptional repres-
sion [85]. As the name suggests, HDACi remove the acetyl group from the histone or non-histone proteins enzymatically and modulates 
various downstream biological events such as cell proliferation, angiogenesis, cell cycle arrest, immune suppression which in turn helps 
in tumorigenesis. Till date, 11 different types of HDACi have been designed targeting three different classes of HDACs. In cancer, aberrant 
changes in the expression level of HDACs have been reported, which make them important target for the anti-cancer therapy [85].
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In lung cancer, quinazolinones derivatives have also found their application as histone deacetylase inhibitor and SAHA (suberoylani-
lide hydroxamic acid, vorinostat) is commonly used as a standard molecule. JW Chern., et al. designed and synthesized quinazolin-2,4-
dione-based hydroxamic acids which acts as HDACi, selectively acting on HDAC6. The synthesized compound was studied both on the 
LL2, lung cancer cell line and in xenograft syngeneic non-small cell lung cancer mouse model, where it showed significant anti-tumour 
properties [86]. Similarly, SB Han., et al. synthesized N -hydroxybenzamides/N-hydroxypropenamides incorporating quinazolin-4(3H) 
-ones which acted as HDACi when evaluated on NCI-H23 lung cancer cell line. Some of these compounds were found to be even more 
potent than SAHA [87].

Quinazolinones as Hedgehog (Hh) pathway inhibitors

Hedgehog signalling pathways plays a vital role in cellular growth and differentiation during development [88]. This signalling path-
way is initiated when Hh ligand binds to the PATCHED1 (PTCH1) protein, which also has the ability to repress smoothened (SMO) in the 
absence of Hh ligand. SMO is a G-coupled protein coupled -like receptor and is considered to play an important role in the Hh pathway. 
Upon the activation of signalling events, SMO is disassociated and translocated to primary celium. Transcription factors like GL1, GL2 (ac-
tivators) and GL3 (repressors) are known key players regulating the transcription of Hh target genes. Studies have shown that aberrant 
activation of hedgehog pathway results in the increased expression of anti- apoptotic proteins, causes epithelial-to-mesenchymal transi-
tion, cell-cycle arrest and cell differentiation, ultimately resulting in carcinogenesis [88].

Hyuk Wan Ko., et al. utilized structure hopping approach to design and synthesize quinazolinones derivatives targeting Hh pathway. 
The compounds were tested biologically on fibroblast cell lines NIH3T3 by luciferase assay. It will be of interest to see if these modified 
quinazolinones may also show promising effect on the lung cancer cells [89].

Conclusion

Lung cancer is a major cause of death worldwide and its prevalence has been increasing. The major cause of poor survival rate for 
lung cancer patient is its late stage diagnosis. There had been use of several chemo/radio-based therapeutic strategies, however, there 
are many limitations/side-effects/problems related to disease recurrence/metastases. Therefore, research is getting diverted towards 
developing synthetically derived chemical compounds as well as naturally occurring plant derivatives. Focusing on these derivatives, our 
review draws attention specifically towards compounds like curcumin, resveratrol and α -mangostin and synthetic derivatives of quin-
azolinone class.

For a successful therapy, a combination of these naturally occurring and/or synthesised compounds may help in decreasing toxicity 
whilst increasing the efficacy. Also, structural modifications of quinazolinones may further can increase their efficacy. Overall, the infor-
mation will be help in development of improved therapeutic strategy.

Acknowledgements

This supplement was supported by the seed fund of the National Institute of Pharmaceutical Education and Research (NIPER), Ahmed-
abad.

Conflict of Interest

Authors declare no conflict of interest.



Citation: Rachana Garg., et al. “Roadmap for Lung Cancer Treatment: Role of Natural and Synthetic Inhibitors”. EC Pulmonology and 
Respiratory Medicine 9.4 (2020): 94-106.

Roadmap for Lung Cancer Treatment: Role of Natural and Synthetic Inhibitors

102

Bibliography

1. American Cancer Society Facts and Figures (2019). 

2. Lemjabbar-Alaoui H., et al. “Lung cancer: Biology and treatment options”. Biochimica et Biophysica Acta (BBA): Reviews on Cancer 
1856 (2015): 189-210.

3. Goldstraw P., et al. “The IASLC Lung Cancer Staging Project proposals for the revision of the TNM stage groupings in the forthcoming 
(seventh): edition of the TNM Classification of malignant tumours”. Journal of Thoracic Oncology 2 (2007): 706-714.

4. Gridelli C., et al. “Non-small-cell lung cancer”. Nature Reviews Disease Primers 21.1(2015): 15009.

5. Tajuddin WM., et al. “Mechanistic Understanding of Curcumin’s Therapeutic Effects in Lung Cancer”. Nutrients (2019): 2989.

6. Giudicessi JR and Ackerman MJ. “Determinants of incomplete penetrance and variable expressivity in heritable cardiac arrhythmia 
syndromes”. Translational Research 161 (2013): 1-4.

7. Deneka AY., et al. “Tumor-Targeted Drug Conjugates as an Emerging Novel Therapeutic Approach in Small Cell Lung Cancer (SCLC)”. 
Cancers 11 (2019): 1297.

8. Zhou Q and Pan H Li J. “Molecular Insights into Potential Contributions of Natural Polyphenols to Lung Cancer Treatment”. Cancers 
11.1565 (2019): 1-33.

9. Zanoaga O., et al. “Progress in Research on the Role of Flavonoids in Lung Cancer”. International Journal of Molecular Sciences 4291 
(2019): 1-19.

10. Slika L and Patra D. “A short review on chemical properties, stability and nano-technological advances for curcumin delivery”. Expert 
Opinion on Drug Delivery (2020).

11. Garg R., et al. “Dietary turmeric modulates DMBA-induced p21 ras, MAP kinases and AP-1/NF-κB pathway to alter cellular responses 
during hamster buccal pouch carcinogenesis”. Toxicology and Applied Pharmacology 232 (2008): 428-439.

12. Garg R., et al. “Curcumin decreases 12-O-tetradecanoylphorbol-13-acetate-induced protein kinase C translocation to modulate 
downstream targets in mouse skin”. Carcinogenesis 29 (2008): 1249-1257.

13. Noorafshan A and Ashkani-Esfahani S. “A review of therapeutic effects of curcumin”. Current Pharmaceutical Design 19 (2013): 2032-
2046.

14. Shterpour M., et al. “Role of Curcumin as Anti-Oxidant in Nephrotoxicity”. MOJ Toxicology 3 (2017): 00044.

15. Sarkar A., et al. “Curcumin as a potential therapeutic candidate for Helicobacter pylori associated diseases”. World Journal of Gastro-
enterology (2016): 2736-2748.

16. Liao L., et al. “Activation of anti-oxidant of curcumin pyrazole derivatives through preservation of mitochondria function and Nrf2 
signaling pathway”. Neurochemistry International 125 (2019): 82-90.

17. Paik JK., et al. “Anti-Oxidant Effects of Highly Bioavailable Curcumin Powder in High-Fat Diet Fed-and Streptozotocin-Induced Type 2 
Diabetic Rats”. Food and Nutrition 32 (2019): 133-137.

18. Deck LM., et al. “Activation of anti-oxidant Nrf2 signaling by enone analogues of curcumin”. European Journal of Medicinal Chemistry 
143 (2018): 854-865.

https://www.ncbi.nlm.nih.gov/pubmed/26297204
https://www.ncbi.nlm.nih.gov/pubmed/26297204
https://www.ncbi.nlm.nih.gov/pubmed/17762336
https://www.ncbi.nlm.nih.gov/pubmed/17762336
https://www.ncbi.nlm.nih.gov/pubmed/27188576
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6950067/
https://www.ncbi.nlm.nih.gov/pubmed/22995932
https://www.ncbi.nlm.nih.gov/pubmed/22995932
https://www.ncbi.nlm.nih.gov/pubmed/31484422
https://www.ncbi.nlm.nih.gov/pubmed/31484422
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6826534/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6826534/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6747533/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6747533/
https://www.tandfonline.com/doi/abs/10.1080/17425247.2020.1702644?journalCode=iedd20
https://www.tandfonline.com/doi/abs/10.1080/17425247.2020.1702644?journalCode=iedd20
https://www.ncbi.nlm.nih.gov/pubmed/18687351
https://www.ncbi.nlm.nih.gov/pubmed/18687351
https://www.ncbi.nlm.nih.gov/pubmed/23116311
https://www.ncbi.nlm.nih.gov/pubmed/23116311
https://www.researchgate.net/publication/321077458_Role_of_Curcumin_as_Anti-Oxidant_in_Nephrotoxicity
https://www.ncbi.nlm.nih.gov/pubmed/26973412
https://www.ncbi.nlm.nih.gov/pubmed/26973412
https://www.ncbi.nlm.nih.gov/pubmed/30771374
https://www.ncbi.nlm.nih.gov/pubmed/30771374
http://www.eksfan.or.kr/journal/article.php?code=66740
http://www.eksfan.or.kr/journal/article.php?code=66740
https://www.ncbi.nlm.nih.gov/pubmed/29223100
https://www.ncbi.nlm.nih.gov/pubmed/29223100


Citation: Rachana Garg., et al. “Roadmap for Lung Cancer Treatment: Role of Natural and Synthetic Inhibitors”. EC Pulmonology and 
Respiratory Medicine 9.4 (2020): 94-106.

Roadmap for Lung Cancer Treatment: Role of Natural and Synthetic Inhibitors

103

19. Farhood B., et al. “Curcumin as an anti-inflammatory agent: Implications to radiotherapy and chemotherapy”. Journal of Cellular 
Physiology 234 (2019): 5728-5740.

20. Boyanapalli SS., et al. “Pharmacokinetics and Pharmacodynamics of Curcumin in regulating anti-inflammatory and epigenetic gene 
expression”. Biopharmaceutics and Drug Disposition 39 (2018): 289-297.

21. Edwards RL., et al. “The anti-inflammatory activity of curcumin is mediated by its oxidative metabolites”. Journal of Biological Chem-
istry 52 (2017): 212-243.

22. Boyanapalli SSS., et al. “Pharmacokinetics and Pharmacodynamics of Curcumin in regulating anti-inflammatory and epigenetic gene 
expression”. Biopharmaceutics and Drug Disposition 39 (2018): 289-297.

23. Ullah F., et al. “High bioavailability curcumin: an anti-inflammatory and neurosupportive bioactive nutrient for neurodegenerative 
diseases characterized by chronic neuroinflammation”. Archives of Toxicology Springer Verlag (2017): 1623-1634.

24. Chin KY. “The spice for joint inflammation: anti-inflammatory role of curcumin in treating osteoarthritis”. Drug Design, Development 
and Therapy 10 (2016): 302-309.

25. Fadus MC., et al. “Curcumin: An age-old anti-inflammatory and anti-neoplastic agent”. Journal of Traditional and Complementary 
Medicine 7 (2017): 339-346.

26. Khayyal MT., et al. “Novel formulations of Curcumin, Boswellia and Xanthohumol extracts markedly enhance their individual and 
combined anti-inflammatory activity”. Zeitschrift für Phytotherapie 38 (2017): P12.

27. Hesari AR., et al. “Effects of curcumin on NF-κB, AP-1, and Wnt/β-catenin signaling pathway in hepatitis B virus infection”. Journal of 
Cell Biochemistry 119 (2018): 7898-7904.

28. Mathew D and Hsu WL. “Antiviral potential of curcumin”. Journal of Functional Foods (2018): 692-699.

29. Umar S., et al. “Synergistic effects of thymoquinone and curcumin on immune response and anti-viral activity against avian influenza 
virus (H9N2): in turkeys”. Poultry Science 95 (2016): 1513-1520.

30. Ahmed J., et al. “Effects of curcumin on vesicular stomatitis virus (VSV): infection and dicer-1 expression”. The FASEB Journal 31 
(2017): 622-611.

31. Von Rhein C., et al. “Curcumin and Boswellia serrata gum resin extract inhibit chikungunya and vesicular stomatitis virus infections 
in vitro”. Antiviral Research 125 (2016): 51-57.

32. Mounce BC., et al. “Curcumin inhibits Zika and chikungunya virus infection by inhibiting cell binding”. Antiviral Research 142 (2017): 
148-157.

33. Yang M., et al. “Curcumin shows antiviral properties against norovirus”. Molecules 21 (2016): 1401.

34. Hani U., et al. “Development of a curcumin bioadhesive monolithic tablet for treatment of vaginal candidiasis”. Iran Journal of Phar-
maceutical Research 15 (2016): 23-34.

35. Paul S., et al. “Antifungal activity of curcumin-silver nanoparticles against fluconazole-resistant clinical isolates of Candida species”. 
AYU (An International Quarterly Journal of Research in Ayurveda) 39 (2018): 182.

36. Gupta M., et al. “Curcumin: “Potential Therapeutic Moiety for Fungal Infections”. Current Traditional Medicine 4 (2018): 249-262.

37. Huang L., et al. “Antifungal curcumin promotes chitin accumulation associated with decreased virulence of Sporothrix schenckii”. 
International Immunopharmacology 34 (2016): 263-270.

https://www.ncbi.nlm.nih.gov/pubmed/30317564
https://www.ncbi.nlm.nih.gov/pubmed/30317564
https://www.ncbi.nlm.nih.gov/pubmed/29870054
https://www.ncbi.nlm.nih.gov/pubmed/29870054
https://www.ncbi.nlm.nih.gov/pubmed/29097552
https://www.ncbi.nlm.nih.gov/pubmed/29097552
https://www.ncbi.nlm.nih.gov/pubmed/29870054
https://www.ncbi.nlm.nih.gov/pubmed/29870054
https://www.ncbi.nlm.nih.gov/pubmed/28204864
https://www.ncbi.nlm.nih.gov/pubmed/28204864
https://www.ncbi.nlm.nih.gov/pubmed/27703331
https://www.ncbi.nlm.nih.gov/pubmed/27703331
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5506636/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5506636/
https://www.researchgate.net/publication/320749032_Novel_formulations_of_Curcumin_Boswellia_and_Xanthohumol_extracts_markedly_enhance_their_individual_and_combined_anti-inflammatory_activity
https://www.researchgate.net/publication/320749032_Novel_formulations_of_Curcumin_Boswellia_and_Xanthohumol_extracts_markedly_enhance_their_individual_and_combined_anti-inflammatory_activity
https://www.ncbi.nlm.nih.gov/pubmed/29923222
https://www.ncbi.nlm.nih.gov/pubmed/29923222
https://www.sciencedirect.com/science/article/abs/pii/S1756464617307399
https://www.ncbi.nlm.nih.gov/pubmed/26944958
https://www.ncbi.nlm.nih.gov/pubmed/26944958
https://www.fasebj.org/doi/abs/10.1096/fasebj.31.1_supplement.622.11
https://www.fasebj.org/doi/abs/10.1096/fasebj.31.1_supplement.622.11
https://www.ncbi.nlm.nih.gov/pubmed/26611396
https://www.ncbi.nlm.nih.gov/pubmed/26611396
https://www.ncbi.nlm.nih.gov/pubmed/28343845
https://www.ncbi.nlm.nih.gov/pubmed/28343845
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6274093/
https://www.researchgate.net/publication/268444705_Development_of_a_Curcumin_Bioadhesive_Monolithic_Tablet_for_Treatment_of_Vaginal_Candidiasis
https://www.researchgate.net/publication/268444705_Development_of_a_Curcumin_Bioadhesive_Monolithic_Tablet_for_Treatment_of_Vaginal_Candidiasis
https://www.ncbi.nlm.nih.gov/pubmed/31000996
https://www.ncbi.nlm.nih.gov/pubmed/31000996
https://www.researchgate.net/publication/329121448_Curcumin_Potential_Therapeutic_Moiety_For_Fungal_Infections
https://www.ncbi.nlm.nih.gov/pubmed/26995026
https://www.ncbi.nlm.nih.gov/pubmed/26995026


Citation: Rachana Garg., et al. “Roadmap for Lung Cancer Treatment: Role of Natural and Synthetic Inhibitors”. EC Pulmonology and 
Respiratory Medicine 9.4 (2020): 94-106.

Roadmap for Lung Cancer Treatment: Role of Natural and Synthetic Inhibitors

104

38. Ma J., et al. “Antifungal effect of photodynamic therapy mediated by curcumin on Candida albicans biofilms In vitro”. Photodiagnosis 
Photodynamic Therapeutics 27 (2019): 280-287.

39. Chen E., et al. “Fungal-Host Interaction: Curcumin Modulates Proteolytic Enzyme Activity of Candida albicans and Inflammatory Host 
Response In Vitro”. International Journal of Dentistry 20 (2018): 18-28.

40. Yamawaki C., et al. “Curcumin potentiates the fungicidal effect of dodecanol by inhibiting drug efflux in wild-type budding yeast”. Let-
ters in Applied Microbiology 68 (2019): 17-23.

41. Yamawaki C., et al. “Curcumin potentiates the fungicidal effect of dodecanol by inhibiting drug efflux in wild-type budding yeast”. Let-
ters in Applied Microbiology 68 (2019): 17-23.

42. Garg R., et al. “Dietary curcumin modulates phenobarbital- and acetone-induced CYP450 2B1 and 2E1 isozymes in mice”. BAOJ Cancer 
Research Therapy 1 (2015): 1-5.

43. Li Y., et al. “Curcumin inhibits human non-small cell lung cancer A549 cell proliferation through regulation of Bcl-2/Bax and cyto-
chrome C”. Asian Pacific Journal of Cancer Prevention 14 (2013): 4599-4602.

44. Yang CL., et al. “Curcumin blocks small cell lung cancer cells migration, invasion, angiogenesis, cell cycle and neoplasia through janus 
kinase-STAT3 signalling pathway”. PLoS One 7 (2012): 1-12.

45. Fan Z., et al. “Curcumin inhibits the invasion of lung cancer cells by modulating the PKCα/Nox-2/ROS/ATF-2/MMP-9 signaling path-
way”. Oncology Reports 34 (2015): 691-698.

46. Jiao DM., et al. “Exploration of inhibitory mechanisms of curcumin in lung cancer metastasis using a miRNA- transcription factor-
target gene network”. PLoS One 12 (2017): 1-14.

47. Baharuddin P., et al. “Curcumin improves the efficacy of cisplatin by targeting cancer stem-like cells through p21 and cyclin D1-
mediated tumour cell inhibition in non-small cell lung cancer cell lines”. Oncology Reports 35 (2016): 13-25.

48. Kang JH., et al. “Curcumin sensitizes human lung cancer cells to apoptosis and metastasis synergistically combined with carboplatin”. 
Experimental Biology and Medicine 240 (2015): 1416-1425.

49. Tsai JR., et al. “Curcumin inhibits non-Small cell lung cancer cells metastasis through the adiponectin/nf-κb/mmps signaling path-
way”. PLoS One 10 (2015): 1-19.

50. Liao H., et al. “Curcumin inhibits lung cancer invasion and metastasis by attenuating GLUT1/MT1-MMP/MMP2 pathway”. Interna-
tional Journal of Clinical Experiments and Medicine 8 (2015): 8948-8957.

51. Tang L., et al. “Curcumin inhibits growth of human NCI-H292 lung squamous cell carcinoma cells by increasing FOXA2 expression”. 
Frontiers Pharmacology 9 (2018): 1-9.

52. Jiang AP., et al. “Down-regulation of epidermal growth factor receptor by curcumin-induced UBE1L in human bronchial epithelial 
cells”. The Journal of Nutritional Biochemistry 25 (2014): 241-249.

53. Lee JY., et al. “Curcumin induces EGFR degradation in lung adenocarcinoma and modulates p38 activation in intestine: The versatile 
adjuvant for gefitinib therapy”. PLoS One 6.8 (2011).

54. Zhu J-Y., et al. “Curcumin Suppresses Lung Cancer Stem Cells via Inhibiting Wnt/β-catenin and Sonic Hedgehog Pathways”. Phyto-
therapy Research 31 (2017): 680-688.

55. Lev-Ari S., et al. “Inhibition of pancreatic and lung adenocarcinoma cell survival by curcumin is associated with increased apoptosis, 
down-regulation of COX-2 and EGFR and inhibition of Erk1/2 activity”. Anticancer Research 26(2006): 4423-4430.

https://www.ncbi.nlm.nih.gov/pubmed/31233886
https://www.ncbi.nlm.nih.gov/pubmed/31233886
https://www.hindawi.com/journals/ijd/2018/2393146/
https://www.hindawi.com/journals/ijd/2018/2393146/
https://www.ncbi.nlm.nih.gov/pubmed/30276838
https://www.ncbi.nlm.nih.gov/pubmed/30276838
https://europepmc.org/article/med/30276838
https://europepmc.org/article/med/30276838
https://bioaccent.org/cancer-sciences/cancer-sciences05.php
https://bioaccent.org/cancer-sciences/cancer-sciences05.php
http://journal.waocp.org/article_27996.html
http://journal.waocp.org/article_27996.html
https://www.semanticscholar.org/paper/Curcumin-Blocks-Small-Cell-Lung-Cancer-Cells-Cell-Yang-Liu/f5168f1401c12d5c4f67d696884d1c1ecc7fa717
https://www.semanticscholar.org/paper/Curcumin-Blocks-Small-Cell-Lung-Cancer-Cells-Cell-Yang-Liu/f5168f1401c12d5c4f67d696884d1c1ecc7fa717
https://www.ncbi.nlm.nih.gov/pubmed/26059056
https://www.ncbi.nlm.nih.gov/pubmed/26059056
https://www.ncbi.nlm.nih.gov/pubmed/28231299
https://www.ncbi.nlm.nih.gov/pubmed/28231299
https://www.ncbi.nlm.nih.gov/pubmed/26531053
https://www.ncbi.nlm.nih.gov/pubmed/26531053
https://www.ncbi.nlm.nih.gov/pubmed/25716014
https://www.ncbi.nlm.nih.gov/pubmed/25716014
https://journals.plos.org/plosone/article/figure?id=10.1371/journal.pone.0144462.t001
https://journals.plos.org/plosone/article/figure?id=10.1371/journal.pone.0144462.t001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4538170/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4538170/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5801542/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5801542/
https://www.ncbi.nlm.nih.gov/pubmed/24445050
https://www.ncbi.nlm.nih.gov/pubmed/24445050
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3157465/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3157465/
https://www.ncbi.nlm.nih.gov/pubmed/28198062
https://www.ncbi.nlm.nih.gov/pubmed/28198062
https://www.researchgate.net/publication/6600107_Inhibition_of_Pancreatic_and_Lung_Adenocarcinoma_Cell_Survival_by_Curcumin_is_Associated_with_Increased_Apoptosis_Down-regulation_of_COX-2_and_EGFR_and_Inhibition_of_Erk12_Activity
https://www.researchgate.net/publication/6600107_Inhibition_of_Pancreatic_and_Lung_Adenocarcinoma_Cell_Survival_by_Curcumin_is_Associated_with_Increased_Apoptosis_Down-regulation_of_COX-2_and_EGFR_and_Inhibition_of_Erk12_Activity


Citation: Rachana Garg., et al. “Roadmap for Lung Cancer Treatment: Role of Natural and Synthetic Inhibitors”. EC Pulmonology and 
Respiratory Medicine 9.4 (2020): 94-106.

Roadmap for Lung Cancer Treatment: Role of Natural and Synthetic Inhibitors

105

56. Jiao D., et al. “Curcumin inhibited HGF-induced EMT and angiogenesis through regulating c-Met dependent PI3K/Akt/mTOR signal-
ing pathways in lung cancer”. Molecular Therapy - Oncolytics 3 (2016): 1601-1608.

57. Xu X., et al. “Curcumin induces the apoptosis of non-small cell lung cancer cells through a calcium signaling pathway”. International 
Journal of Molecular Medicine 35 (2015): 1610-1616.

58. Zhang KJ., et al. “Anticarcinogenic effects of α-mangostin: a review”. Planta Medica 83 (2017): 188-202.

59. Shih YW., et al. “α-Mangostin suppresses phorbol 12-myristate 13-acetate-induced MMP-2/MMP-9 expressions via αvβ3 integrin/
FAK/ERK and NF-κB signaling pathway in human lung adenocarcinoma A549 cells”. Cell Biochemistry and Biophysics 58 (2010): 31-
44.

60. Zhang C., et al. “The naturally occurring xanthone α-mangostin induces ROS-mediated cytotoxicity in non-small scale lung cancer 
cells”. Saudi Journal of Biological Sciences 25 (2018): 1090-1095.

61. Phan TK., et al. “Alpha-mangostin inhibits the migration and invasion of A549 lung cancer cells”. Peer Journal 6 (2018): 502-507.

62. Rauf A., et al. “Resveratrol as an anti-cancer agent: A review”. Critical Reviews in Food Science and Nutrition 58 (2018): 1428-1447.

63. Wright C., et al. “Anti-tumorigenic effects of resveratrol in lung cancer cells through modulation of c-FLIP”. Current Cancer Drug Tar-
gets 17 (2017): 669-680.

64. Shi Q., et al. “CArG-driven GADD45α activated by resveratrol inhibits lung cancer cells”. Genes and Cancer 6 (2015): 220.

65. Wang J., et al. “Resveratrol, an activator of SIRT1, induces protective autophagy in non-small-cell lung cancer via inhibiting Akt/mTOR 
and activating p38-MAPK”. Onco Targets and Therapy 11 (2018): 7777.

66. Zhang W., et al. “Resveratrol induces apoptosis via a Bak-mediated intrinsic pathway in human lung adenocarcinoma cells”. Cellular 
Signalling 24 (2012): 1037-1046.

67. Bae S., et al. “Resveratrol alters microRNA expression profiles in A549 human non-small cell lung cancer cells”. Molecules and Cells 
32 (2011): 24-30.

68. Chen RS., et al. “Pemetrexed downregulates ERCC1 expression and enhances cytotoxicity effected by resveratrol in human nonsmall 
cell lung cancer cells”. Naunyn-Schmiedeberg’s Archives of Pharmacology 386 (2013): 1047-1059.

69. Wang H., et al. “Resveratrol inhibits TGF-β1-induced epithelial-to-mesenchymal transition and suppresses lung cancer invasion and 
metastasis”. Toxicology 303 (2013): 139-146.

70. Kim YS., et al. “Suppressing effect of resveratrol on the migration and invasion of human metastatic lung and cervical cancer cells”. 
Molecular Biology Reports 39 (2012): 8709-8716.

71. Ko JC., et al. “Resveratrol Enhances Etoposide-Induced Cytotoxicity through Down-Regulating ERK 1/2 and AKT-Mediated X-ray Re-
pair Cross-Complement Group 1 (XRCC 1): Protein Expression in Human Non-Small-Cell Lung Cancer Cells”. Basic and Clinical Phar-
macology and Toxicology 117 (2015): 383-391.

72. Liu PL., et al. “Resveratrol inhibits human lung adenocarcinoma cell metastasis by suppressing heme oxygenase 1-mediated nuclear 
factor-κB pathway and subsequently downregulating expression of matrix metalloproteinases”. Molecular Nutrition and Food Re-
search 54 (2010): 196-204.

73. Luo H., et al. “Resveratrol induces premature senescence in lung cancer cells via ROS-mediated DNA damage”. PloS one 8 (2013): 
600-665.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4972091/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4972091/
https://www.ncbi.nlm.nih.gov/pubmed/25847862
https://www.ncbi.nlm.nih.gov/pubmed/25847862
https://www.researchgate.net/publication/309799270_Anticarcinogenic_Effects_of_a-Mangostin_A_Review
https://www.ncbi.nlm.nih.gov/pubmed/20652762
https://www.ncbi.nlm.nih.gov/pubmed/20652762
https://www.ncbi.nlm.nih.gov/pubmed/20652762
https://www.ncbi.nlm.nih.gov/pubmed/30174507
https://www.ncbi.nlm.nih.gov/pubmed/30174507
https://www.ncbi.nlm.nih.gov/pubmed/28001084
https://www.ncbi.nlm.nih.gov/pubmed/28302032
https://www.ncbi.nlm.nih.gov/pubmed/28302032
https://www.ncbi.nlm.nih.gov/pubmed/26124921
https://www.researchgate.net/publication/328678928_Resveratrol_an_activator_of_SIRT1_induces_protective_autophagy_in_non-small-cell_lung_cancer_via_inhibiting_AktmTOR_and_activating_p38-MAPK
https://www.researchgate.net/publication/328678928_Resveratrol_an_activator_of_SIRT1_induces_protective_autophagy_in_non-small-cell_lung_cancer_via_inhibiting_AktmTOR_and_activating_p38-MAPK
https://www.ncbi.nlm.nih.gov/pubmed/22245142
https://www.ncbi.nlm.nih.gov/pubmed/22245142
https://www.ncbi.nlm.nih.gov/pubmed/21887509
https://www.ncbi.nlm.nih.gov/pubmed/21887509
https://www.ncbi.nlm.nih.gov/pubmed/23912706
https://www.ncbi.nlm.nih.gov/pubmed/23912706
https://www.ncbi.nlm.nih.gov/pubmed/23146760
https://www.ncbi.nlm.nih.gov/pubmed/23146760
https://www.ncbi.nlm.nih.gov/pubmed/22696189
https://www.ncbi.nlm.nih.gov/pubmed/22696189
https://www.ncbi.nlm.nih.gov/pubmed/26046675
https://www.ncbi.nlm.nih.gov/pubmed/26046675
https://www.ncbi.nlm.nih.gov/pubmed/26046675
https://onlinelibrary.wiley.com/doi/abs/10.1002/mnfr.200900550
https://onlinelibrary.wiley.com/doi/abs/10.1002/mnfr.200900550
https://onlinelibrary.wiley.com/doi/abs/10.1002/mnfr.200900550
https://www.spandidos-publications.com/10.3892/ijo.2013.2141?text=fulltext
https://www.spandidos-publications.com/10.3892/ijo.2013.2141?text=fulltext


Citation: Rachana Garg., et al. “Roadmap for Lung Cancer Treatment: Role of Natural and Synthetic Inhibitors”. EC Pulmonology and 
Respiratory Medicine 9.4 (2020): 94-106.

Roadmap for Lung Cancer Treatment: Role of Natural and Synthetic Inhibitors

106

74. Sahin E., et al. “Resveratrol reduces IL-6 and VEGF secretion from co-cultured A549 lung cancer cells and adipose-derived mesenchy-
mal stem cells”. Tumor Biology 37 (2016): 7573-7582.

75. Yuan L., et al. “Resveratrol induces cell cycle arrest via a p53-independent pathway in A549 cells”. Molecular Medicine Reports 11 
(2015): 2459-2464.

76. Luo H., et al. “Resveratrol enhances ionizing radiation-induced premature senescence in lung cancer cells”. International Journal of 
Oncology 43 (2013): 1999-2006.

77. Li W., et al. “Resveratrol inhibits Hexokinases II mediated glycolysis in non-small cell lung cancer via targeting Akt signaling pathway”. 
Experimental Cell Research 349 (2016): 320-327.

78. Tsao AS., et al. “Scientific advances in lung cancer 2015”. Journal of Thoracic Oncology 11 (2016): 613-638.

79. Da Cunha Santos G., et al. “EGFR mutations and lung cancer. Annual Review of Pathology” Mechanisms of Disease 6 (2011): 49-69.

80. Khan I., et al. “Quinazolines and quinazolinones as ubiquitous structural fragments in medicinal chemistry: An update on the devel-
opment of synthetic methods and pharmacological diversification”. Bioorganic and Medicinal Chemistry 24 (2016): 2361-2381.

81. Safavi M., et al. “Novel quinazolin-4 (3H):-one linked to 1, 2, 3-triazoles: Synthesis and anticancer activity”. Chemical Biology and Drug 
Design 92 (2018): 1373-1381.

82. El-Azab AS., et al. “Synthesis, In vitro antitumour activity, and molecular docking study of novel 2-substituted mercapto-3-(3, 4, 5-tri-
methoxybenzyl):-4 (3H):-quinazolinone analogues”. Journal of Enzyme Inhibition and Medicinal Chemistry 32 (2017): 1229-1239.

83. Hour MJ., et al. “Molecular modelling, synthesis, cytotoxicity and anti-tumour mechanisms of 2-aryl-6-substituted quinazolinones as 
dual-targeted anti-cancer agents”. British Journal of Pharmacology 169 (2013): 1574-1586.

84. West AC and Johnstone RW. “New and emerging HDAC inhibitors for cancer treatment”. The Journal of Clinical Investigation 124 
(2014): 30-39.

85. Yu CW., et al. “Quinazolin-2, 4-dione-Based Hydroxamic Acids as Selective Histone Deacetylase-6 Inhibitors for Treatment of Non-
Small Cell Lung Cancer”. Journal of Medicinal Chemistry 62 (2018): 857-874.

86. Hieu DT., et al. “Design, synthesis and evaluation of novel N-hydroxybenzamides/N-hydroxypropenamides incorporating quinazo-
lin-4 (3H):-ones as histone deacetylase inhibitors and antitumor agents”. Bioorganic Chemistry 76 (2018): 258-267.

87. Low JA and de Sauvage FJ. “Clinical experience with Hedgehog pathway inhibitors”. Journal of Clinical Oncology 28 (2010): 5321-5326.

88. Bhattarai D., et al. “Design, synthesis, and biological evaluation of structurally modified isoindolinone and quinazolinone derivatives 
as hedgehog pathway inhibitors”. European Journal of Medicinal Chemistry 125 (2017): 1036-1050.

Volume 9 Issue 4 March 2020
© All rights reserved by Rachana Garg., et al.

https://www.researchgate.net/publication/287791806_Resveratrol_reduces_IL-6_and_VEGF_secretion_from_co-cultured_A549_lung_cancer_cells_and_adipose-derived_mesenchymal_stem_cells
https://www.researchgate.net/publication/287791806_Resveratrol_reduces_IL-6_and_VEGF_secretion_from_co-cultured_A549_lung_cancer_cells_and_adipose-derived_mesenchymal_stem_cells
https://www.ncbi.nlm.nih.gov/pubmed/25515619
https://www.ncbi.nlm.nih.gov/pubmed/25515619
https://www.ncbi.nlm.nih.gov/pubmed/24141489
https://www.ncbi.nlm.nih.gov/pubmed/24141489
https://www.ncbi.nlm.nih.gov/pubmed/27829129
https://www.ncbi.nlm.nih.gov/pubmed/27829129
https://www.ncbi.nlm.nih.gov/pubmed/27013409
https://www.annualreviews.org/doi/pdf/10.1146/annurev-pathol-011110-130206
https://www.ncbi.nlm.nih.gov/pubmed/27112448
https://www.ncbi.nlm.nih.gov/pubmed/27112448
https://www.ncbi.nlm.nih.gov/pubmed/29637699
https://www.ncbi.nlm.nih.gov/pubmed/29637699
https://www.ncbi.nlm.nih.gov/pubmed/28948843
https://www.ncbi.nlm.nih.gov/pubmed/28948843
https://www.ncbi.nlm.nih.gov/pubmed/23638624
https://www.ncbi.nlm.nih.gov/pubmed/23638624
https://www.ncbi.nlm.nih.gov/pubmed/24382387
https://www.ncbi.nlm.nih.gov/pubmed/24382387
https://pubs.acs.org/doi/abs/10.1021/acs.jmedchem.8b01590
https://pubs.acs.org/doi/abs/10.1021/acs.jmedchem.8b01590
https://www.ncbi.nlm.nih.gov/pubmed/29223029
https://www.ncbi.nlm.nih.gov/pubmed/29223029
https://www.ncbi.nlm.nih.gov/pubmed/21041712
https://www.ncbi.nlm.nih.gov/pubmed/27810591
https://www.ncbi.nlm.nih.gov/pubmed/27810591

	page3
	page5
	page9
	page10
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack

