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ABSTRACT

Respiratory diseases are a common disease with high incidence all over the world, pose a serious threat to human health and are considered to be an
economic and social burden. The application of nanotechnology in drug delivery systems has created new treatments for respiratory diseases. In this
regard, this review has systematically introduced the physicochemical properties of nanoparticles (NP). We have reviewed the current state of research on
various Nano carriers in the treatment of respiratory diseases, including liposomes, solid lipid Nano carriers, and polymer Nano carriers. The application
of nanotechnology overcomes some of the deficiencies inherent in drugs and offers endless possibilities for the development of drugs for the treatment of
respiratory diseases. However, most of the relevant research is in the preclinical stage and the assessment of safety remains a difficult task. Future research
is needed to focus on changes in the performance, molecular mechanisms, and potential toxicity of therapeutic Nano medicines.
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Abbreviations

DCs: Dendritic cells

DOX: Doxorubicin

DPPC: Dipalmitoylphosphatidylcholine
FDA: Food and Drug Administration
LPS: Lipopolysaccharide

NPs: Nanoparticles

NSCLC: Non small cell lung cancer
PEG: Polyethylene glycol

PEI: Polyethyleneimine

PLGA: Poly lactic co glycolic acid
PS: Pulmonary surfactant

PTX: Paclitaxel

siRNA: Small interfering RNA
Introduction

The respiratory tract is frequently exposed to the external
environment. External environment contain lots of bacteria,
fungi and viruses. Such type of pathogenic microorganism
causes damage to the upper respiratory tract so, they should be
cleared off from lungs. As compare to the upper, lower respiratory
tract infection cause serious problems which leads to the death
worldwide [1-2]. The respiratory disease is a serious threat to the
human as it considered as social as well as economic burden. The
diseases related to the respiratory tract include chronic and acute
respiratory tract infection, asthma, lung cancer, tuberculosis and
cystic fibrosis [3]. Although In current scenario improved and
effective diagnostic and improved therapeutic technique is not

available for the treatment of such disease [4-5]. In addition, it is
challenging for various drugs to reach the lower respiratory tract
with effective dose and minimum adverse effects. Therefore, there
is a need for effective and novel treatment with efficient dose to
treat such types of diseases. Infections of the lower respiratory tract
are difficult to treat because the microbes lie deep in the respiratory
tract, usually incorporated into a combination of bio film and
thick mucus. The treatment of these infections by antibiotics
administered orally and/or intravenously requires high doses to
maintain therapeutic levels, because only a small fraction of the
medications given can reach the mucous side of the lungs through
the general circulation. On the other hand, inhaling antimicrobials
is the primary source of infection, at the same time, systemic
exposure and related side effects are minimized [6-7].

The delivery system for Nano medicines is the application
of nanotechnologies in the pharmaceutical field, and showed
development perspectives in targeted diagnosis and treatment,
delaying the release of medicines, improving the solubility
and availability of medicines. The large airway contact area
is composed of alveolar cells and cup cells, while the primary
bronchiole cells are made up of bronchial epithelial cells and Clara
cells. The high permeability and thin barrier of this membrane
make the lungs an ideal location for systemic and local drug
distribution [8].

In addition, pulmonic administration improves the bioavailability
and distribution of drugs to lung sites as well as biocompatibility.
The development of nanotechnologies brings a broad new
perspective to improve the effects of treating and diagnosing
respiratory diseases. However, consideration should also be given
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to the possible negative effects of nanoparticles as drug vectors.
The toxicity of inhaled nanoparticles has been known to occur for a
long time For example, some Nanoparticles, almost like fine dusts
and fibres in nature, may induce respiratory and cardiovascular
diseases as environmental pollutants [9-11].

Nanoparticles (Nps) in Respiratory System

Characteristics of Nanoparticles for efficient respiratory illness
treatment design. Nanoparticles are often inhaled, diffused into the
tract and deposited within the alveoli, where they will approach
and interact with the epithelial cells and pulmonary surfactant.
The characteristics of Nanoparticles, including size, shape, surface
charge and wettability, serve a critical role in understanding the
interaction between Nanoparticles and organisms. Appropriate
properties can’t only facilitate their direct delivery to targeted
tissues and cells, but also limit their adverse side effects by
decreasing drug concentrations in other tissues of the body [12-14].

Surface Charges

The surface charge of NPs determines the interaction between
NPs and anionic cell membranes. For instance, Mousseau and
Berret observed a stronger interaction between charged NPs and
PS compared with charged NPs in vitro, which resulted within
the aggregation of NPs and reduced their transfer efficiency.
However, in some specific fields, charged NPs have shown obvious
advantages. Since charged NPs have the potential to induce
damage to cell membranes and organelles, Nano carriers with
stronger positive charges might not be a perfect choice for drug
delivery systems. A previous study in mice revealed that cationic
NPs were mostly related to DCs, whereas anionic particles were
mainly internalized by alveolar macrophages. It’s possible that
the various cellular uptake mechanisms of cationic and anionic
NPs might cause different immune effects following pulmonary
administration [15-17].

Shape

Shape is another important property that affects the interaction of
NPs and cells, and therefore the fate of NPs within the physical
body. Previous studies reported that spherical particles were
more conducive to cellular internalization than shaped particles.
However, Gratton et al reported that rod shaped, cationic, cross
linked NPs modified with poly glycol (PEG) were internalized at
a better rate than particles of other shapes (spheres, cylinders and
cubes). In contrast, it had been reported that gold Nano spheres had
better blood circulation and better overall tumour accumulation
rate than other shapes (nanodiscs, nanorods and nanocages).
Moreover, shape can also be involved in regulating the trans
port of NPs on the PS monolayer. A previous study revealed
that NPs smaller than the thickness of the PS layer attended be
submerged and hardly transported through the PS layer, whereas
NPs larger than the thickness of the lung surfactant layer attended
be encapsulated by the PS layer. The results of coarse grained
molecular dynamics simulations suggested that rod like NPs
exhibited stronger penetration and fewer adverse effects on the
dipalmitoylphosphatidylcholine (DPPC) monolayer compared
with other shapes [18-24].

Size

Among the various characteristics of NPs, particle size may be an
exceptional characteristic. Inhaled NPs square measure deposited
on the respiratory organ airway in the main via diffusional
displacement by the thermal motion between air molecules and
also the NPs. The cavity and tracheobronchial deposition of NPs
are reportable to be negatively correlate with their size. A previous
animal study in pigs performed by Murgia et al discovered that

solely very tiny tiny ylated NPs (<100 nm) were able to penetrate
into secretion. Compared with giant NPs (>100 nm), NPs with
smaller size (<30 nm) were additional appropriate at penetrating
biological barriers, together with the air blood barriers. After
intranasal immunisation of styrene particles (20 1,000 nm), Blank
et al compared the size dependent cellular absorption of those
particles on antigen presenting cells at metastasis sites in BALB/c
mice. Within the trachea and respiratory organ parenchyma, most
of the smaller particles (20 and fifty nm) were absorbed by nerve
fibre cells (DCs) compared with larger ones (1,000 nm), conjointly
the} smaller ones were also discovered in lung associated body
fluid nodes. However, the uptake of cells by alveolar macrophages
didn’t rely on the scale of particles and bigger particles may simply
be phagocytized by respiratory organ macrophages [25-27].

Wettability

The variations in wettability of NPs are typically related to
completely different treatment outcomes. Hydrophobic NPs
are deemed to act a lot of closely with the charged cell wall in
comparison with deliquescent NPs. However, the property of
NPs will mimic a danger signal to stimulate the system. Nanogels
comprised of deliquescent polymers [poly (sulfobetaine), PEG or
poly (carboxybetaine)] were found to be effective in inhibiting
immune responses once pneumonic administration, via a discount
within the degree of infiltration of inflammatory cells within the
BALF and therefore the expression of cytokines (TNF a and IL 6)
in a very lipopolysaccharide (LPS) induced inflammatory mouse
model. Guzman et al according that NPs incorporated into chemist
monolayers of DPPC may alter the surface organization of the
molecules. In comparison neurotic carbon, deliquescent silicon
dioxide had stronger influence on DPPC part behaviour [28-30].

Advance in Nanoparticluate Pulmonary Delivery
Benefitting from the progress within the field of materials and
technology, a range of innovative nanoparticle systems with
manageable properties are developed for drug delivery functions.
During this section, we tend to summarize the most recent insights
into tailored style of nanoparticles with optimum options to beat
the cellular and cellular barriers in infected lungs to accomplish
site-specific drug delivery. The interactions of nanoparticles
with the various biological barriers powerfully depend upon the
chemistry characteristics of the nanoparticles, like their size,
shape, surface charge, and surface hydrophobicity. As an example,
nanoparticle with sizes but a hundred nm showed superior ability
to beat the steric barrier of mucous secretion and EPS, granting
adequate mucous secretion and biofilm penetration. Each static
and hydrophobic interactions between nanoparticles and also
the parts of one-celled barriers offer adhesion that impedes the
nanoparticles’ diffusion through the mucous secretion and also
the EPS. The carboxyl and sulphate teams of the oligosaccharide
chains offer glycoprotein with a web electric charge and also
the non-glycosylated regions of the glycoprotein in the main
contribute to the property [31-40].

Liposomes

The application of liposomes as a drug delivery system has
profound effects on pharmacology. Liposomes are a class of
lipid vesicles composed mainly of phospholipids and cholesterol.
This colloid consists of a self-assembled lipid bilayer with an
amphoteric domain and contains an inner water core of the lipid
bilayer and an outer envelope. Based on the physical properties of
the drug, liposomes can encapsulate drugs of different solubility
at the water core or phospholipid bilayer interface, increasing the
solubility of the loaded drug by co-solubility The lipid bilayer of
liposomes has a composition similar to that of cell membranes in
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vivo and not only reduces toxicity, but also increases absorption by
allowing liposomes to cross multiple biological barriers. Finally, it
improves the therapeutic effect of the drug loading. Alternatively,
liposomes can be used as vectors for other functional groups, such
as targeted ligands, to provide novel properties for the delivery
of therapeutic drugs [41-43]. Additionally, a previous study by
Garbuzenko et al tested a variety of Nanomaterial’s to select the
best carrier for antineoplastic agents, making it a lipid-based non-
support versus a non-lipid carrier. In recent decades, liposome
delivery system-based Nano medicines have attracted the attention
of scientists and clinicians in various areas of respiratory disease.
For example, in non-small cell lung cancer (NSCLC) A5 9, a
direct mouse model of human lung cancer, Garbuzenko et al
received intravenous and intratracheal administration of DOX
surrounded by liposomes, antisense, and small oligonucleotides.
We compared the effects of. RNA (siRNA) in lung cancer results in
much higher concentrations and longer retention times of the three
drugs in the lung when administered intratracheally compared
to systemic administration by intravenous administration, and
topical intratracheal use compared to systemic administration.
Showed that it is excellent. Same medicine. .. Similarly, Koshkina
et al showed that pulmonary administration of paclitaxel (PTX)
with an aerosol liposomal formulation was more effective than
intravenous administration in rats. In a mouse model of carbamate-
induced lung tumors, Fritz et al showed that liposome-coated
clodronic acid reduced macrophage numbers from 50 to to 6
weeks of treatment and reduced significant growth of tumor cells.
In addition, a phase I clinical trial by Wittgen et al examined the
application of a liposomal formulation of cisplatin in lung cancer.
Their results show that this drug delivery system can increase drug
accumulation and reduce systemic side effects [44-47].

Solid lipid Nano Particles (SLN)

SLN is another lipid-based material whose structure is slightly
different from that of liposomes. SLN has the potential to replace
traditional delivery systems due to its many advantages, including
targeted drug delivery, controlled release, high drug stability, and
high drug availability. Hydrophilic and lipophilic drug packaging,
low toxicity of auxiliaries, lack of organic solvents in production
such as high pressure homogenization) and large-scale industrial
production. Nassimi et al evaluated the toxicity of SLN as a
potential nanotransporter in in vitro and ex vivo lung models,
and the results show that particle SLN20 (20% phospholipids in
lipid matrix) is safe [48,49].

In recent years, GS has been promoting the development of
treatments for respiratory diseases as a colloidal drug delivery
system. For example, Videira et al studied the anticancer effects of
PTX-filled GLS on lung cancer, where lung Nano pharmaceuticals
effectively reduce cytotoxicity and cancer progression develops
lung metastases in vitro and in vivo. Found to prevent. Furthermore,
Castellani et al manipulated SLN-encapsulated grape seed-derived
proanthocyanidins for the treatment of chronic respiratory diseases
and, through cellular experiments and mouse models, the complex
was found in airway epithelial cells, confirmed that oxidative stress
and inflammation can be suppressed [50,51].

Furthermore, SLN can be modified to improve targeting, thereby
increasing drug accumulation at the target site and reducing
systemic toxicity. For the treatment of tuberculosis, Maretti et
al used SLN modified with a mannose derivative as a rifampicin
Nano carrier to test the potential of a new antituberculosis drug in
macrophage cells. Mouse J77. Their results suggest that surfactant-
modified SLNs (mannose derivatives) may improve the ability
of macrophages to absorb encapsulated drugs. A similar study

was conducted by Nimje et al, who found that mannose-bound
SLN could deliver rifampicin more efficiently than naked SLN,
increase therapeutic efficacy and reduce drug side effects [52-54].

Polymeric Nano Carriers

Polymers are a class of macromolecules that are composed of many
small homologous molecules. Polymers are natural (albumin,
gelatine, alginate, collagen, cyclodextrin, and chitosan) or
synthetic [polylactic acid-co-glycolic acid (PLGA), polyacrylate,
polyethyleneimine (PEI), PEG, polyanhydride, and Poly-1-lysine].
Polymers with specific biological and physicochemical advantages
are used to create Nano supports for the use of therapeutic and
diagnostic agents. Polymer-based Nano supports can deliver a
variety of agents, either injected onto the surface of the polymer
or dispersed in a polymer matrix [55-57].

Oily Polyester is the most commonly used polymeric Nano
support due to its excellent biocompatibility, sustained release,
and sufficient biodegradability under physiological conditions.
Various forms of polymeric Nano transporters have been used in
preclinical experiments for the treatment of respiratory illness.
Among them, PLGA has been approved by the FDA for use
as a drug delivery system. Ciprofloxacin-loaded NP PLGA and
tested its therapeutic effect on cystic fibrosis induced by bacterial
infection of Calu-3 and CFBE 1o cells. The results show that
Nano medicine has a high drug load and osmotic capacity, which
not only allows the continuous high concentration of the drug to
be achieved in place, but also reduces the drug dose to reduce
side effects. Through in vitro and in vivo experiments, it was
found that a sustained-release inhalation system constructed
from DOX and PLGA showed high encapsulation efficiency and
excellent spraying ability, effectively suppressed cell proliferation,
and pulmonary it was revealed that it is suitable for treatment.
Cancer metastasis. In study of guinea pigs, encapsulation of PLGA
increased the half-life and mean length of stay of the three anti-
tuberculosis drugs, thereby improving bioavailability and reduced
frequency of administration. In addition, TAS-103 loaded PLGA
NP increased drug toxicity to A5 9 lung cancer cells and increased
drug levels in rat lungs. PLGA is also considered a good choice
for transgenic applications in the treatment of respiratory diseases.

An in vitro study reported that negatively charged Bioadhesives
PLGA NPs could be used as an effective non-viral vector for gene
therapy in the treatment of lung cancer. Although the PLGA has
certain advantages, it also has certain limitations as a pulmonary
delivery system. For example, slow breakdown of PLGA can
lead to excessive accumulation of PLGA in the airways. The rate
of drug degradation depends on the composition and molecular
weight of the nanopolymer support, and the time of release varies
from weeks to months. In addition, further hydrolysis of PLGA
can produce acidic nuclei in the drug delivery device, lower the
pH of the microenvironment, and damage enveloped pH-sensitive
proteins such as peptides and proteins. In addition, due to the
extremely high hydrophobicity of PLGA, the enveloping effect of
low molecular weight hydrophilic drugs cannot be avoided, and
the hydrophobic surface can cause rapid absorption of proteins,
leads to clearance of PLGA by alveolar phagocytic cells.

Conclusion

Nanotechnology has become an important tool for overcoming the
shortcomings of drugs and enabling them to passively or actively
target specific cells or tissues. This review summarizes the uses and
benefits of NPs as a means of drug delivery in respiratory diseases
such as lung cancer, asthma, chronic respiratory diseases, cystic
fibrosis, tuberculosis, and urinary tract infections. Respiratory. The
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combination of nanotechnology has facilitated the development
of drugs for the treatment of respiratory diseases based on the
benefits of inhalation. However, while preclinical studies show
broad development prospects, the most relevant trials are still
in the early stages of testing and their clinical efficacy has yet
to be validated. Future research should focus on changes in
nontherapeutic performance, molecular mechanisms, and potential
toxicity during treatment.

References

1.

10.

11.

12.

13.

14.

15.

Troeger C, Blacker B, Khalil IA, Rao PC, Cao J, et al. (2018)
Estimates of the global, regional, and national morbidity,
mortality, and aetiologies of lower respiratory infections
in 195 countries, 1990-2016: a systematic analysis for the
Global Burden of Disease Study 2016. The Lancet infectious
diseases 18: 1191-210.

Wang H, Wolock TM, Carter A, Nguyen G, Kyu HH, et al.
(2016) Coates MM. Estimates of global, regional, and national
incidence, prevalence, and mortality of HIV, 1980-2015:
the Global Burden of Disease Study 2015. The lancet HIV
3:e361-387.

Ferkol T, Schraufnagel D (2014) The global burden of
respiratory disease. Annals of the American Thoracic Society
11: 404-406.

Chang LH, Rivera MP (2013) Respiratory diseases: meeting
the challenges of screening, prevention, and treatment. North
Carolina medical journal. 74: 385-392.

Klinger-Strobel M, Lautenschldger C, Fischer D, Mainz JG,
Bruns T, et al. (2015) Aspects of pulmonary drug delivery
strategies for infections in cystic fibrosis—where do we stand?.
Expert opinion on drug delivery 12: 1351-1374.

Andrade F, Rafael D, Videira M, Ferreira D, Sosnik A, et al.
(2013) Nanotechnology and pulmonary delivery to overcome
resistance in infectious diseases. Advanced drug delivery
reviews 65: 1816-1827.

Pison U, Welte T, Giersig M, Groneberg DA (2006)
Nanomedicine for respiratory diseases. Eur J Pharmacol
533: 341-350.

Sung JC, Pulliam BL, Edwards DA (2007) Nanoparticles
for drug delivery to the lungs. Trends in biotechnology 25:
563-570.

Bakand S, Hayes A, Dechsakulthorn F (2012) Nanoparticles:
areview of particle toxicology following inhalation exposure.
Inhalation toxicology 24: 125-135.

Donaldson K, Tran L, Jimenez LA, Duffin R, Newby DE et
al. (2005) Combustion-derived nanoparticles: a review of
their toxicology following inhalation exposure. Particle and
fibre toxicology 2: 1-4.

XuY,LiS,LuoZ, Ren H, Zhang X, et al. (2018) Role of lipid
coating in the transport of nanodroplets across the pulmonary
surfactant layer revealed by molecular dynamics simulations.
Langmuir 34: 9054-9063.

Auria-Soro C, Nesma T, Juanes-Velasco P, Landeira-Vinuela
A, Fidalgo-Gomez H, et al. (2019) Interactions of nanoparticles
and biosystems: microenvironment of nanoparticles and
biomolecules in nanomedicine. Nanomaterials 9: 1365.
Senapati S, Mahanta AK, Kumar S, Maiti P (2018) Controlled
drug delivery vehicles for cancer treatment and their
performance. Signal transduction and targeted therapy 3: 1-9.
Li J (2018) Development of a QTsome lipid nanoparticle
delivery platform for oligonucleotide therapeutics (Doctoral
dissertation, The Ohio State University) https://books.google.
co.in/books/about/Development of a QTsome Lipid
Nanopartic.html?id=A-kLxQEACAAJ&redir_esc=y.
Mousseau F, Berret JF, Evdokia K Oikonomou (2018) The

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

role of surface charge in the interaction of nanoparticles with
model pulmonary surfactants. Soft Matter 14: 5764-5774.
Fromen CA, Rahhal TB, Robbins GR, Kai MP, Shen TW et
al. (2016) Nanoparticle surface charge impacts distribution,
uptake and lymph node trafficking by pulmonary antigen-
presenting cells. Nanomedicine: Nanotechnology, Biology
and Medicine 12: 677-687.

Murugan K, Choonara YE, Kumar P, Bijukumar D, du Toit LC,
etal. (2015) Parameters and characteristics governing cellular
internalization and trans-barrier trafficking of nanostructures.
International journal of nanomedicine 10: 2191.

Zhang L, Wang Y, Yang D, Huang W, Hao P, et al. (2019)
Shape effect of nanoparticles on tumor penetration in
monolayers versus spheroids. Molecular pharmaceutics 16:
2902-2911.

Gratton SE, Ropp PA, Pohlhaus PD, Luft JC, Madden V], et al.
(2008) The effect of particle design on cellular internalization
pathways. Proceedings of the National Academy of Sciences
105: 11613-11618.

Black KC, Wang Y, Luehmann HP, Cai X, Xing W, et al.
(2014) Radioactive 198Au-doped nanostructures with
different shapes for in vivo analyses of their biodistribution,
tumor uptake, and intratumoral distribution ACS nano.8:
4385-4394.

Hu G, Jiao B, Shi X, Valle RP, Fan Q, et al. (2013)
Physicochemical properties of nanoparticles regulate
translocation across pulmonary surfactant monolayer and
formation of lipoprotein corona. ACS nano 7: 10525-10533.
Lin X, Zuo YY, Gu N (2015) Shape affects the interactions
of nanoparticles with pulmonary surfactant. Science China
Materials 58: 28-37.

Beck-Broichsitter M, Ruppert C, Schmehl T, Giinther A,
Seeger W (2014) Biophysical inhibition of synthetic vs.
naturally-derived pulmonary surfactant preparations by
polymeric nanoparticles. Biochimica et Biophysica Acta
(BBA)-Biomembranes 1838: 474-481.

Poh TY, Ali NA, Mac Aogdain M, Kathawala MH, Setyawati
MI, Ng KW, et al. (2018) Inhaled nanomaterials and the
respiratory microbiome: clinical, immunological and
toxicological perspectives. Particle and fibre toxicology 15:
1-6.

Poh TY, Ali NA, Mac Aogain M, Kathawala MH, Setyawati
MI, et al. (2018) Inhaled nanomaterials and the respiratory
microbiome: clinical, immunological and toxicological
perspectives. Particle and fibre toxicology 15: 1-6.

Murgia X, Pawelzyk P, Schaefer UF, Wagner C, Willenbacher
N, et al. (2016) Size-limited penetration of nanoparticles
into porcine respiratory mucus after aerosol deposition.
Biomacromolecules 17: 1536-1542.

Blank F, Stumbles PA, Seydoux E, Holt PG, Fink A, et al.
(2013) Von Garnier C. Size-dependent uptake of particles by
pulmonary antigen-presenting cell populations and trafficking
to regional lymph nodes. American journal of respiratory cell
and molecular biology 49: 67-77.

Fadeel B (2012) Clear and present danger? Engineered
nanoparticles and the immune system. Swiss medical weekly
18;142(2526).

Li B, Xie J, Yuan Z, Jain P, Lin X, et al. (2018) Mitigation
of inflammatory immune responses with hydrophilic
nanoparticles. Angewandte Chemie International Edition
57:4527-4531.

Guzman E, Ferrari M, Santini E, Liggieri L, Ravera F (2015)
Effect of silica nanoparticles on the interfacial properties
of a canonical lipid mixture. Colloids and Surfaces B:
Biointerfaces 136: 971-980.

J NanoSci Res Rep, 2021

Volume 3(3): 4-5



Citation: Bhupendra G Prajapati (2021) Nano Science in Pulmonary Drug Delivery. Journal of Nanosciences Research & Reports. SRC/JNSRR-125.
DOI: doi.org/10.47363/JNSRR/2021(3)122

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47,

Rejman J, Oberle V, Zuhorn IS, Hoekstra D (2004) Size-
dependent internalization of particles via the pathways of
clathrin-and caveolae-mediated endocytosis. Biochem J 377:
159-169.

Jiang W, Kim BY, Rutka JT, Chan WC (2008) Nanoparticle-
mediated cellular response is size-dependent. Nature
nanotechnology 3: 145-150.

Peulen TO, Wilkinson KJ (2011) Diffusion of nanoparticles
in a biofilm. Environmental science & technology 45: 3367-
3373.

Geng YA, Dalhaimer P, Cai S, Tsai R, Tewari M, et al. (2007)
Shape effects of filaments versus spherical particles in flow
and drug delivery. Nature nanotechnology 2: 249-255.
Champion JA, Katare YK, Mitragotri S (2007) Particle shape:
anew design parameter for micro-and nanoscale drug delivery
carriers. Journal of controlled release 121: 3-9.

Gessner A, Lieske A, Paulke BR, Miiller RH (2002) Influence
of surface charge density on protein adsorption on polymeric
nanoparticles: analysis by two-dimensional electrophoresis.
European journal of pharmaceutics and biopharmaceutics
54:165-170.

Jones MC, Jones SA, Riffo-Vasquez Y, Spina D, Hoffman
E, et al. (2014) Quantitative assessment of nanoparticle
surface hydrophobicity and its influence on pulmonary
biocompatibility. Journal of Controlled Release 183: 94-104.
Valle RP, Huang CL, Loo JS, Zuo YY (2014) Increasing
hydrophobicity of nanoparticles intensifies lung surfactant
film inhibition and particle retention. ACS Sustainable
Chemistry & Engineering 2: 1574-1580.

Suk JS, Lai SK, Wang Y, Ensign LM, Zeitlin PL, et al. (2009)
The penetration of fresh undiluted sputum expectorated by
cystic fibrosis patients by non-adhesive polymer nanoparticles.
Biomaterials 30: 2591-2597.

Forier K, Messiaen AS, Raemdonck K, Nelis H, De Smedt
S, et al. (2014) Probing the size limit for nanomedicine
penetration into Burkholderia multivorans and Pseudomonas
aeruginosa biofilms. Journal of Controlled Release 195: 21-
28.

Bulbake U, Doppalapudi S, Kommineni N, Khan W (2017)
Liposomal formulations in clinical use: an updated review.
Pharmaceutics 9: 12.

Rudokas M, Najlah M, Alhnan MA, Elhissi A (2016)
Liposome delivery systems for inhalation: a critical review
highlighting formulation issues and anticancer applications.
Medical Principles and Practice 25: 60-72.

Riaz MK, Riaz MA, Zhang X, Lin C, Wong KH, et al. (2018)
Surface functionalization and targeting strategies of liposomes
in solid tumor therapy: A review. International journal of
molecular sciences 19: 195.

Garbuzenko OB, Mainelis G, Taratula O, Minko T(2014)
Inhalation treatment of lung cancer: the influence of
composition, size and shape of nanocarriers on their lung
accumulation and retention. Cancer biology & medicine
11: 44.

Koshkina NV, Waldrep JC, Roberts LE, Golunski E, Melton
S, etal. (2001) Paclitaxel liposome aerosol treatment induces
inhibition of pulmonary metastases in murine renal carcinoma
model. Clinical cancer research 7: 3258-3262.

Fritz JM, Tennis MA, Orlicky DJ, Yin H, Ju C, et al. (2014)
Depletion of tumor-associated macrophages slows the growth
of chemically induced mouse lung adenocarcinomas. Frontiers
in immunology 5: 587.

Wittgen BP, Kunst PW, Van Der Born K, Van Wijk AW,
Perkins W, et al. (2007) Phase I study of aerosolized SLIT
cisplatin in the treatment of patients with carcinoma of the

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

lung. Clinical cancer research 13: 2414-2421.

Uner M, Yener G. (2007) Importance of solid lipid
nanoparticles (SLN) in various administration routes and
future perspectives. International journal of nanomedicine
2:289.

Bi R, Shao W, Wang Q, Zhang N (2009) Solid lipid
nanoparticles as insulin inhalation carriers for enhanced
pulmonary delivery. J Biomed Nanotechnol 5: 84 92.
Nassimi M, Schleh C, Lauenstein HD, Hussein R, Liibbers
K, etal. (2009) Low cytotoxicity of solid lipid nanoparticles
in in vitro and ex vivo lung models. Inhalation toxicology
21: 104-109.

Videira M, Almeida AJ, Fabra A (2012) Preclinical evaluation
of'a pulmonary delivered paclitaxel-loaded lipid nanocarrier
antitumor effect. Nanomedicine: Nanotechnology, Biology
and Medicine 8: 1208-1215.

Castellani S, Trapani A, Spagnoletta A, Di Toma L, Magrone
T, et al. (2018) Nanoparticle delivery of grape seed-derived
proanthocyanidins to airway epithelial cells dampens
oxidative stress and inflammation. Journal of translational
medicine 16: 1-5.

Bayon-Cordero L, Alkorta I, Arana L (2019) Application
of solid lipid nanoparticles to improve the efficiency of
anticancer drugs. Nanomaterials 9: 474.

Maretti E, Costantino L, Buttini F, Rustichelli C, Leo E,
et al. (2019) Newly synthesized surfactants for surface
mannosylation of respirable SLN assemblies to target
macrophages in tuberculosis therapy. Drug delivery and
translational research 9: 298-310.

Nimje N, Agarwal A, Saraogi GK, Lariya N, Rai G, et al.
(2009) Mannosylated nanoparticulate carriers of rifabutin
for alveolar targeting. Journal of drug targeting 17: 777-787.
Rytting E, Nguyen J, Wang X, Kissel T(2008) Biodegradable
polymeric nanocarriers for pulmonary drug delivery. Expert
opinion on drug delivery 5: 629-639.

Marasini N, Haque S, Kaminskas LM (2017) Polymer-drug
conjugates as inhalable drug delivery systems: A review.
Current Opinion in Colloid & Interface Science 31: 18-29.

Copyright: ©2021 Bhupendra G Prajapati. This is an open-access article
distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.

J NanoSci Res Rep, 2021

Volume 3(3): 5-5



