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ABSTRACT

On the row of various cancers in the world, the Lung cancer falls to number
two in both female and male. Various surgical and non-surgical therapeutic
approaches including chemotherapy, photodynamic therapy, and radiotherapy
are employed in the treatment of lung cancer. However, most of these
techniques are costly, complex and lacks patient compliance. In case of
chemotherapy, it is associated with lack of specific tumour targeting, with
limited drug solubility leads insufficient amount of drug reaches to a tumor
site. To overcome these demerits associated with chemotherapy, various
types of nanoparticles (both organic and inorganic) are synthesized and
studied in treating lung cancers. In this article, we have reviewed the various
types of nanoparticles that have been used in treating lung cancers. This
review was carried out by searches of relevant published articles, reviews
and abstracts in PubMed/Medline, Web of Science, clinicaltrials.gov,
Cochrane Database of Systematic Reviews and Google Scholar of all English

INTRODUCTION

The term cancer denotes the abnormal growth of the cells, which takes
in oxygen and nutrients from other living cells. The cancer cells lose its
cell adhesion with other living cells and spread to other parts of the body
through the bloodstream and initiate the development of the secondary
tumor growth. The tumour can be removed from its early stage of growth
from the body.! Most of the cancer death patients under go metastasis of
various cancers like lungs, liver and bone. The malignancy has a hyper
capacity of replication of cells in the rapid formation of the bloodstream.
In contrast to malignancy, the metastasis cancer can be cured to some
extent. Closely 200 types of cancers are existing on various symptoms.
This is due to various life factors like lifestyle, age, and genetic causes.
On this existing cancers lung cancer is the most widely spread cancer
all around the world* which is reported by UK Cancer Research in 2011.

Bronchogenic Carcinoma

On the row of various cancers in the world, the lung cancer falls to number
two in both female and male. The primary function of the lungs is
exchange of the gases between the air and blood. Moreover, the purification
of the blood expelling carbon-di-oxide and in spelled oxygen takes place
nearly 95%. Bronchogenic cancer exactly occurs in epithelial cells and it
is also called as lung cancer. It is divided into four major categories by
WHO in 1982: (a). Adenocarcinoma (AD), (b). Squamous cell carcinoma
(SCQ), (c). Large cell carcinoma (LC), (d). Small cell cancer (SCC). These
four were segregated into two major categories as (a). Small cell lung
carcinoma (b). Non-small cell lung cancer which comprises AD, SCC
and LC. It is difficult to cure the small cell lung cancer the most aggressive
cancer compared to non-small cell lung cancer. The small cell lung
cancer occurs due to the huge intake of tobacco, inhalation of radon gas
and consumption of arsenic in drinking water. The bronchi are the place
where the small cell lung cancer produced from the inner layer of the
wall. The earlier symptoms of lung cancer are hoarse throats, chest pain,
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respiratory infections, and difficulty in breathing. Transformation of the
primary stage symptoms to secondary stage causes coughing with blood
laden sputum, fatigue, difficulty in swallowing and Jaundice.?

PATHOLOGY OF LUNG CANCER

The lung is a fragile complex organ compared to many cells types with
different functions that favor gaseous exchange. 2,000 km of the airway
and more than 50 cm? of the extremely thin alveolar membrane which
enhances efficient passage of O, and CO,. Large inhaled particulates are
cleared by ciliary action in large airways and infectious agents are elimi-
nated by immune and phagocytic cells.* Cells undergo an accumulation
and micro environmental adaptions that alter the balance of cell division
and death leads to cancer. Years of exposure to tobacco smoke resulting
in structural damage to chronic obstructive lung pulmonary disease
and emphysema. Due to smoking, morphological changes of bronchial
epithelium progressing from basal cell hyperplasia to metaplasia, severe
dysplasia to carcinoma (in-situ) and finally carcinoma. Adenocarcinoma,
heavy lung damage and its dominant subtypes in never smokers with
low carcinogen exposure.® The progress of adenocarcinomas is associated
with less well characterized pre-malignant lesions called atypical adeno-
matous hyperplasia. Pathological classification of lung cancer is continually
changing, with a need for specific terminology and criteria to distinguish
squamous cell carcinoma from adenocarcinoma, particularly poor
differentiated tumors.®

TREATMENT OF LUNG CANCER

The basic choice of therapy depends upon the size of cancer and its
location. Lung cancer can be treated with various methods such as surgery,
radiation therapy, photodynamic therapy, and chemotherapy and target
specific therapy.
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Surgery

The surgery is completely restricted to the patient that has serious heart
and lung disease. The surgery is performed basically for stage-I and
11 type of Non-small cell lung cancers. Three majorly employed techniques
for removal of lung cancer include (a). Lobectomy (removal of lung lobe),
(b). Wedge resection (removal of mass harmful tissues of the lung), (c).
Pneumonectomy (removal of lungs). Generally, 10-35% of lung cancer
can be cured with surgery but not complete eradication. Towards Small
cell lung cancer, the surgery is not possible because of its presence in
one specific location which is difficult to operate. Whereas, Non-small
cell lung cancer can be cured in such a manner it has not spread beyond
the lungs.”

Radiation Therapy

The radiation therapy is used to shrinkthe tumor size but complete eradi-
cationis difficult. In ration therapy initially the tumour size is reduced
using high energy X-Rays/Ionizing Radiation such as Radium (228 Ra),
Iridium (192 Ir), Phosphorus (32 P), Cobalt (60 Co) followed by surgery
for the removal of remaining harmful cells. The radiation therapy is
generally categorized into two types (a). Brachytherapy (radioactive
source in pellets is placed close to cancer cells), (b). Tele-therapy (source
placed outside the body (Irradiate). The major side effects are fatigue,
reduction of White Blood Cells (WBC). If the patient is very sensitive to
the radiation they may have nausea, vomiting, skin irritation.”

Photodynamic Therapy (PDT)

The Porfimer sodium is the First-Generation Photosensitizer where it is
widely used for the diagnose of the lung cancer. The PDT is the organic
photo-sensitive agent (Porphyrin, Texaphyrin and Chlorine). When the
photosensitizers incorporated into the specific site with the help of the
external light with specific wavelength they elevate to the ground state to
excited singlet later to triplicate state. Where oxygen plays a major role, it
stays in the ground triplet state. In the account of this singlet oxygen are
more highly reactive helps to destroy the cancer cells. This PDT is likely
useful in the diagnosis.®

Chemotherapy

The various drugs approved by USFDA for lung cancer are shown in
Table 1.

The main limitations of current chemotherapy for the treatment of lung
cancers are lack of target specificity, recurrence and superficial increase
in lifespan of human beings. Further, oral and IV administrations of the
anti-cancer drugs have many drawbacks such as Degradation of the drug
molecule in the stomach pH, alterations in the drug molecule during the
process of metabolism in the liver, lack of specificity in the conventional
method of treatment and lack of specificity which causes toxicity and
side effects.”

ROLE OF NANOTECHNOLOGY IN TREATING
LUNG CANCERS

Nanoparticles have attracted attention to nano biomedical technology
because of the presence of smaller size which has a huge amount of
energy and allows the particle to adsorb and carry the hydrophilic
and hydrophobic macromolecules to the target site. Nanoparticles are
structured size ranging from 1 to 100 nm. Various types of nanoparticles
used are mentioned in Figure 1.” Both the hydrophobic as well hydrophilic
drug scan be encapsulated in nano structures which offer the controlled
release of the drug. The nano carrier strategy is used for its accurate
targeting which is highly important in targeted chemotherapy. Two
Important mechanisms are followed for site-specific targeting i.e., active
and passive mechanisms.” Nanoparticles offers several advantages of
include (a) Specific targeted drug delivery, (b) improves stability and
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Table 1: USFDA approved drugs used for the treatment lung cancer.

Drugs Mechanism of action Reference

Non-small cell lung cancer

Inhibition of folic acid reductase,
which leads to inhibition of DNA
synthesis and cellular replication.

Directly binds with VEGF to inhibit
angiogenesis.

Abitrexate

Avastin

Activation enhances Inside cell which
forms reactive platinum complex.
Modifies DNA structure and inhibit
DNA synthesis.

Carboplatin

Inhibition of microtubule
depolymerisation and effect of bcl-2
and bcl-xL gene expression.

Docetaxel

Gefitinib Inhibitor of EGFR tyrosine kinase

domain.
Small cell lung cancer

Afinitor mTOR, mammalian target to

rapamycin

Doxorubicin Interacts with DNA by intercalation
and inhibition of macromolecular

biosynthesis.

Inhibition of DNA and RNA and

protein synthesis results relatively

irreversible binding with di-hydro
folate reductase.

Folex

Methotrexate Inhibits DHFR, an enzyme which

involves tetra-hydro folate synthesis.

Topotecan
Hydrochloride

Exert its cytotoxic effects during the
s-phase of DNA synthesis.

VEGEF: Vascular endothelial growth factor, bcl-2; B-cell lymphoma 2, EGFR;
Epidermal growth factor receptor, mTOR; Mammalian Target of Rapamycin,
DHEFR; dihydrofolate reductase.

it dng
g

Figure 1: Classification of Nanoparticles.

eradicates toxicity, (c) both active and passive drug targeting can be
achieved by reducing the size, (d) controlled release drug delivery, (e)
better image and diagnostic tool for the earlier detection of cancer cells
in biological system. (f) Less amount of dosage form is required, (g)
more rapid onset of therapeutic action. There are three types nanopar-
ticles have been used in the treatment of the Lung cancer (a). Natural and
semi-synthetic nanoparticles, (b). Synthetic (organic) Nanoparticles, (c).
Synthetic (In-Organic) Nanoparticles.
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NATURAL AND SEMI-SYNTHETIC NANO-
PARTICLES

Virus Nanoparticles

The term virus describes the pathogens and generally are of two type
Mammalian Virus and Plant Virus with the size range of 20-400 nm. The
genetic material of the virus is protected by the protein coating known as
capsid. Basically, the virus capsid nano-particles are non-replicated and
non-infectious. The virus capsid vectors are of five types (a) Cowpea
Mosaic Virus (CPMV), (b) Tobacco Mosaic Virus (TMV), (c) Cowpea
chlorotic mottle virus, (d) Canine parvovirus, (e) Bacteriophages (QB)
and Bacteriophage MS2. This particle has the capacity to withstand
extreme temperature, pH, and harsh chemicals. Their structure is
symmetrical, polyvalent and Mono-dispersed and able to conjugate with
various moieties like drugs, target specific reagent, Probe image of various
inorganic nanoparticles. Most commonly CPMYV is used in wide range
vectors and shows icosahedrons shape with size approximately 28.4 nm.
And contain nearly 60 subunits which help to withstand the temperature
of about 60°C and pH range from 3-9.22 The CPMV has the potential for
in-situ vaccination in lung cancer therapy.?

Liposomes and Solid Lipid Nanoparticles
Liposomes

The liposome is basically defined as the lipid bilayer or membrane-
enclosed vehicle.® Liposomes composed of phospholipids, phosphatidyl-
choline, and cholesterol and the characteristics depend on the nature
of the ingredients. The liposomes are used as non-viral carrier for drug
and macromolecule for targeting wide variety of cells. Presently only
two liposomal products are available in the market approved by USFDA
namely (a) DOXIL for ovarian cancer and (b) Marqibo for lymphoblastic
leukaemia.* For the management of the Non-cell lung cancer liposome
formulation are very limited compared with other cancer drug formulation.
The Boulikas team developed lipoplatin containing of liposome and
cisplatin which drastically reduces the nephrotoxicity in rats. Lipoplatin
which showed a good result of clinical trials in 2014, is a future hope for
lung cancer. Another clinical trial of Paclitaxel (PTX) liposome cleared
phase-I clinical trials to improve the therapy and reduce the drug resistance.”

Taetz et al. 2009 studied the effect of chitosan content in cationic chitosan/
PLGA nanoparticles for delivery efficiency of antisense 2'-O-methyl-
RNA (20MR) against telomerase in lung cancer cells. Tailorable cationic
chitosan/PLGA nanoparticles (CPNP) were directed against RNA template
of human telomerase and influence the binding efficiency, complex
stability, uptake in different human lung cell. The efficacy of this Nano-
plexes system were described CPNPs were prepared by the emulsion-
solvent evaporation method using different amounts of chitosan and
purified by preparative size exclusion chromatography. A small increase
in size and an increase of zeta potential with increasing amounts of chitosan
were found while characterizing using photon correlation spectroscopy
and zeta potential measurements. Binding efficiency and complex
stability with 20MRwas high in water and correlated well with the
chitosan content of particles but was weak in physiologically relevant
media (PBS and RPMI cell culture medium). Flow cytometry analysis
showed that the uptake of 20MR into A549 lung cancer cells was
considerably higher in combination with nanoparticles and dependent
on the amount of chitosan when compared to 20MR alone. Confocal
laser scanning microscopy revealed that the uptake into A549 cells was
mediated via complexes of 20MR and chitosan/PLGA nanoparticles
despite the weak binding in cell culture medium. The nanoparticles were
well tolerated and effective in inhibiting telomerase activity.?”

Rajani B et al. 2013 studied about the etoposide loaded solid lipid
nanoparticles for curtailing BI6F10 melanoma colonization in the lung.
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In their study it was revealed that etoposide suffers poor solubility and
poor bioavailability problems, but small lipid nanoparticles improved
efficacy and therapy of metastasized cancer. The modulation of therapeutic
activity was studied by performing an anti-mitotic activity on a BI6F10
melanoma mouse model. Various in vivo and in vitro studies were also
performed by them which show increased bioavailability and half-life
and also enhancement in the ratio of the drug that reaches to the highly
perfused organ.?

Shenbagamoorthy Sundarraj et al. 2014 studied Nebulizable colloidal
nanoparticles co-encapsulating COX-2 inhibitors for the treatment of
lung cancer. In their work PLGA nanoparticles were taken as a colloidal
carrier for drugs with anti-cancer activity. Their study shows that naringin
and celecoxib have high cytotoxic activity on A549 lung cancer cell lines.
The PLGA nanoparticles were also characterized by particles size,
entrapment efficiency, in vitro release, cytotoxicity, and aerosolization
and nebulization behaviours. The results show that the PLGA nanoparticles
with naringin and celecoxib show good controlled release profile also
the high distribution of the drug in bones, brain, and liver which are the
common metastatic sites of lung cancer.””

Solid Lipid Nano-Particle (SLN)

The solid lipid nanoparticle is submicron colloidal carriers which are
composed of physiological lipid, dispersed in water or aqueous surfactant
solution with the normal size ranges from 50-1000 nm. The solid lipid
nanoparticles made up of triglycerides, Cetyl alcohol, beeswax, cholesterol.*
The SLN is quite more stable than liposome in a biological system.
Considering the dimensions in the nanometre range of the SLN said to
be a zero-dimensional nanomaterial. The SLN is used as the colloidal
carrier of hydrophobic chemotherapeutic for long circulation of the
bloodstream. Cationic SLN is amphiphilic nature where the presence of
two hydrophobic fatty acid chain and hydrophobic amino group with
the linker.*!

The hydrophobic amino acid interacts with negatively charged DNA
plasmid to form a stable complex. The cationic SLN complex induces
into damaged area either by intra-tracheal installation method or aerosol
inhalation.* In this era researchers successfully loaded Bcl-2-siRNA,
PTX and CdSe /ZnS in Solid lipid nanoparticles (Quantum Dots). The
major advantage of the SLN is leakage of the drug into the bloodstream
is very low compared to the liposome formulation and enhanced the
circulation rate in blood with controlled release.

Chitosan

Generally, the chitosan is prepared by N-deacetylation of chitosan where
it is biodegradable cationic and nitrogenous polysaccharides. Chitosan
are crystalline micro fibrils structure which can be found in the exoskeleton
ofarthropods. The chitosan has the primary unit as 2-deoxy-2-(acetylamino)
glucose fond in various microorganism and fungi and has the capacity of
exhibiting muco-adhesive nature. The ionic force gradient between the
chitosan-cell acts as the driving force to permeate into epithelial cells.
The degree of degradation (DD) plays the major role in differentiating
the chitin and chitosan. N-deacetylation is the core derivative of chitosan.
In chitosan, if DD is less than 40% it is poorly insoluble in water, because
due to H-bonds between amide, alcohol functional distributed in the
repeating units along the polymeric chain and hydrophobic interactions.
If DD is more 40% it became soluble in acidic condition. Chitosan is
insoluble in most of the solvents but, it is soluble in most of the pH range
from between 6.5 organic acids like acetic, tartaric, phosphoric acid. The
chitosan is associated with the copolymer family of various divisions of
acetylated units.” It has the huge capacity of readily degradable in lung
cells through lysozyme.

The formulation of chitosan done through a modified generation where
based on the electrostatic interaction of two group such as (a) Amine
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group of chitosan and (b) negative group of the polyamine. During
formulation, the ratio plays the vital role in size of the chitosan nanopar-
ticles. The unique characteristic of chitosan is non-toxic, renewable, high
affinity to proteins, modification of cell wall permeability.

Rahul Pratap Singh et al. 2017 developed chitosan folate conjugated
Digitoxin (DTX) loaded Multi wall carbon nanotube (MWCNT) in effective
manner for lung cancer. They made two different formulation Digitoxin
non-conjugated (DTX-CNAC) and Digitoxin chitosan conjugated
DTX-CHI-CNAC The Chitosan folate formulation achieved the drug
entrapment efficacy nearly 79% with the particle size range of 230-483 nm.
The in vitro shows the promising controlled release of MWCNT. The
cytotoxicity study shows significant intracellular concentration and
elevated cellular uptake of MWCNT. The DTX-chitosan folate achieved
89 folds of the drug efficacy in IC, value which is compared with the
marketed product DOCEL™ by incubating in A549cell. Both DTX-CNAC
and DTX-CHI-CNAC show the low toxicity and promise the effective
platform for targeting the drug in lung cancer.**

Ana Vanessa Nascimento et al. 2016 developed a new epidermal growth
factor receptor (EGFR)-chitosan drug targeting for the non-small
cell lung cancer (NCSLC). They combined Mad2 siRNA and cisplatin
showed maximum therapeutic efficacy by crossing the chemo-drug
resistance barrier in NCSLC. The optimized two formulation shows
target delivery in more effective way and high retention. Observation
indicates that the combination of Mad2SiRNA significantly lowers the
cell growth and mitotic failure specifically for the high proliferating cells.
They observed that the EGFR chitosan carrier helps the siRNA for the
better targeting action.*

Synthetic (organic) Nanoparticles
Polymer Nanopatrticles (PNS)

The polymeric nanoparticle (synthetic) shows good result to releasing
the anti-neoplastic drug in lungs in a control manner to enhance the
therapeutic efficacy prolong the systemic circulation and acting as site
specific manner.*® Polymeric nanoparticles are one of the good candidates
to administrate through both intravenous and oral route. Various polymers
are used in the preparation of the PNS such as Poly (lactic acid) (PLA),
Poly (glycolic acid) (PLA), Poly (lactic-co-glycolic) acid (PLGA), Poly
(amino acid), Poly alkyl cyanoacrylates. The PNS is further categorized
into two micelles format (a) Spherical Polymer Micelles, (b) Worm-like
Polymer Micelles. The drug delivery of polymer Nano-particles are
generally worked on two major steps (a) Polymer Nano-spheres, (b)
Polymer Nano-capsules.

USFDA has approved PLGA Nanoparticles which are more effective
against carcinoma cells the amended into a formulation that shows the
good tumor suppressor, biomolecule to A549 lung cancer cell. PLGA is
more suitable for the target delivery and it has more circulation time in
the bloodstream and less renal clearance.”

Jung et al. 2012 reported that the PEG-modified poly nanoparticles
which are incorporated in addition to Taxanes show good chemo-radio-
therapy to A549 cells in the xenograft model in both in vitro and in vivo
in lung cancer. Sengupta et al. 2005 studied the PLGA nanoparticles
enveloped inside PEGylated-Phospholipid block copolymer. They worked
on two parts where first with cytoskeletal structure and eradication of
cancer cells. They completely trapped the anti-angiogenesis agent
combretastatin-A4 inside the lipid envelope and conjugated cytotoxic
agent DOX to PLGA nanoparticles core. When the nanoparticles reach
the targeted site the outer layer of the phospholipid breaks and release
the anti-angiogenic which completely changes the cytoskeletal structure
followed by the core PLGA nanoparticles escapes from the inner core
and kills the neoplastic cells completely in NSCLC in mice.*
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Georgi Yordanov et al. 2012 carried out a study for the preparation of
epirubicin-loaded Nanoparticles. It was prepared by loading the drug
in the pre-polymerized poly (butyl cyanoacrylate). Nanoparticles it
was coated to from an aqueous dispersion with two different non-ionic
surfactants (Pluronic F68 and Polysorbate 80). Human lung adenocarci-
noma (A549) cells were used to carry out the physicochemical character-
ization and in vitro evaluation. The particles were of a uniform shape and
size the increase in drug content increased the zeta-potentials at pH 7.4.
The in vitro studies were done in A549 cells and the cytotoxicity was studied
and the results concluded that the presence of surfactants increased
the cytotoxicity. Fluorescent imaging was done in the adenocarcinoma
cells with epirubic in in internalization which revealed showed that the
free drug was predominantly localized in the cell nucleus, whereas the
cytoplasmic localization was observed in the nanoparticle-bound drug
formulations, which suggested the probability of the nanoparticle
endocytosis. Thus, they concluded that the results could be useful in the
development of nanoparticle-based anthracycline formulations of treatment
of lung adenocarcinoma.”

N Nafee et al. 2012 aimed to develop chitosan nanoparticles loaded
Antisense oligonucleotide, 2-O-Methyl-RNA (OMR) a telomerase inhibitor
for treating lung cancer. In this research, they studied the properties of
chitosan and tried to improve the concentration of the viability, cellular
uptake, and telomerase inhibition in human lung cancer cell lines. To
improve the transfection the charges can’t be considered as the important
factor. The uptake studies were carried out on air-interface cell cultures
to mimic the in vivo conditions, which showed the enhanced uptake of
nano-plexes over the naked oligonucleotide. The OMR nanoplexes
reduced the telomerase activity by 50% in A549 cells. They concluded
that the potential for the system was safe, non-invasive, and an effective
treatment for lung.*’

Ramy Said-Elbahr et al. 2016 studied about ligand conjugated mesoporous
silica nanoparticles based on the enzyme targeted prodrug delivery system.
Their study shows that silica nanoparticles are non-toxic and used for
targeted drug delivery for cancer therapy. Their study also shows that
silica nanoparticles and EGFRAb SN-pyrrolidine - 2 exhibits low systemic
toxicity in Balb/c mice and high therapeutic activity.**

Tavicolia et al. 2017 studied about in vitro evaluation of potential toxic
effects of palladium nanoparticles on fibroblasts and lung epithelial cells.
In this, they have studied the toxicological mechanisms of Palladium
(Pd) nanoparticles and their effects on normal diploid rat fibroblast and
lung carcinoma human epithelial cell lines. The results have shown that
palladium nanoparticles inhibit cell growth and enhance the action on
fibroblast.*?

OTHER CASE STUDIES

Xiaolu Yin et al. 2004 have done a research on the topic anti-cancer
activity and mechanism of Scutellarin barbets extract from human lung
cancer cell line A549. S Barbara, a southern Chinese traditional plant
which has good anti-inflammatory and diuretic activity. This plant had
shown growth inhibitory effect on various human cancers. They used
A549 lung cancer cell line to study the growth inhibitory effect of s.
Barbata and their results showed that ethanol extracts from S. barbets
greatly inhibited A549 cell growth, with IC_; of 0.21 mg/ml. Cell apoptosis
and cytotoxic effects were the mechanisms of inhibitory action cDNA
microarray analysis studied in 16 genes, which involved in DNA damage,
cell cycle control, nucleic acid binding and protein phosphorylation.
Undergone more than 5-fold change the data indicated that these
processes were involved in s. Barbata mediated killing of cancer cells.”®

Janne Lehtio et al. 2010 discussed the importance of proteomic technology
in the Lung cancer. Their work was about the discovery of relevant
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biomarkers which can be accurately quantified in multiplex assays. Their
work specifically carried out in the field of Lung cancer proteomics.**

Jingwei Ma et al. 2010 had explained about the (Synthesis of magnetic
and fluorescent bifunctional Nano composites and their applications in
detection of lung cancer cells in humans) they developed a novel diag-
nostic tool to detect lung cancer by using the Magnetic and Fluorescent
bifunctional Nano composites (BNPS) in combination with leukemia
anti-carcinoembryonic antigen (CEA) antibodies. In that method, they
have explained about the silica-coated super magnetic Nanoparticles and
quantum dots exhibits high luminescence and easily separated by the
external magnetic field. They also demonstrated that as-prepared immune
nanoparticles can capture and detect the cancer cells in pleural effusion
from lung cancer by their experiments.*®

Julie Todoroff et al. 2011 they explained the fate of Nano medicines in the
lung is highly based on physic-chemical and biological properties of the
compound used. The IgG Antibodies is endocytosis by alveolar macro-
phages and transported across respirator epithelia by receptor-mediated
endocytosis and insulin was not taken up by the alveolar macrophages
and crosses the epithelium towards systemic circulation by paracellular
diffusion. Any inhale particles can be easily cleared from the lung within
24 h whereas the Nanoparticles escape by the lung surface macrophages
and can remain for weeks with translocation across respiratory epithelia.*¢

Oleh Tarantula ef al. 2010 explained that a tumor-targeted Mesoporous
Silica Nanoparticles (MNS) drug delivery system is capable of delivering
to incise cancer cells. The anti-cancer drugs (Doxorubicin and Cisplatin)
combined with two types of siRNA targeted to MRP 1 and BCL2 mRNA.
These two types were used for both the pump and non-pump cellular
resistance of non-small cell lung carcinoma respectively. The MSN
targeting is achieved by LHRH peptide conjugation on the surface of
MSN by a poly spacer (ethylene glycol). They explained that siRNA
effectively delivered inside cancer cells and enhanced the cytotoxicity of
anti-cancer drugs. They described that the MSN by pulmonary delivery
is preferred as, in the mouse lungs, prevented the escape of MSN into
the systemic circulation and also into other organs. Therefore, they
suggested to MSN as it has the high potential for the effective treatment
of lung cancer.”’

Kaustubh et al. 2012 studied the liposomal formulation which consists of
etoposide and docetaxel which has the capacity to eradicate p53 elevated
cytotoxicity ion lung cancer. They prepared the dry powder formulation
of dry powder which helps to deposit on the lungs. They parallelly did
the comparative study on non-small cell lung cancer cell line with the
pre-treatment and co-administration of the p56 cancer suppressor gene.
They formulated two type of delivery liposomes and lipoplexes which is
generally made up of cationic they underwent cellular uptake and shows
cytotoxicity nearly 13-28%, on another hand when the p53 is co-admin-
istered they observed the elevated cytotoxicity 41-63%.the lipoplexes
had the size range of 200-350nm, zeta potential 5-32 mv and it has the
delayed release 16-24h. In that study, they sensitized the cell once after
the p53 pre-treatment is done and followed by the co-administration
shown the significant in H 1299 cell line.*

CONCLUSION

Nanoparticles due to their small size and high invasive property will
invade into cancer cells and can effectively treat cancers. The above
discussed literature shows that various types of nanoparticles have been
extensively studied in treating lung cancers. However, many of these
results are still at preclinical stages and these nanoparticles have to
show their safety and efficacy in clinical trials and further their use in
clinics.
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