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Abstract:

~

Nanomedicine is a rapidly emerging interdisciplinary field in which medicine is coupled with nano-
technology tools and techniques for advanced therapy with the aid of molecular knowledge.
Nanoscale drug delivery systems provide a platform to improve the pharmacokinetics and increase
the bio-distribution of therapeutic agents to target organs, thereby resulting in improved efficacy
while limiting drug toxicity. These systems have revolutionized drug delivery approaches and are
exploited for therapeutic purposes to carry the drug in the body in a controlled manner from the site
of administration to the therapeutic target. Several promising molecular targets that have been iden-
tified as potential therapies for acute and chronic respiratory conditions have been limited because
of difficulty with delivery systems. In particular, delivery of peptides, proteins, miRNAs to the lung
is an ongoing challenge. Hence, it is an attractive strategy to test potential targets by employing a
nanotechnology approach. Nanobiotechnology and nanoscience can provide innovative techniques
to deliver drugs targeted to the site of inflamed organs. Here we review some of the hanomedicine
approaches that have been proposed and studied over the last decade to facilitate the delivery of
therapeutic agents specifically for acute and chronic lung diseases. Development of nano-sized
carriers including nanoparticles, or liposomes holds great potential for diagnosis and advanced de-
livery systems for immunomodulation in respiratory diseases; however translational studies are
urgently needed to validate the use of nanotechnology for clinical applications.

.

J

Introduction:

The global burden of respiratory illnesses
continues to be on the rise. The morbidity
and mortality from acute and chronic res-
piratory conditions such as Acute Respira-
tory Distress Syndrome (ARDS), pneumo-
nia, Chronic Obstructive Pulmonary Dis-
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eases (COPD), asthma, ldiopathic Pulmo-
nary Fibrosis continues to remain high
(Villar 2014; Boyle 2013; Boyle 2014;
Barrecheguren et al 2018). In the past few
decades although our understanding of mo-
lecular pathogenesis of acute and chronic
respiratory conditions has increased expo-
nentially there has been a major lag in
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terms of development of new therapies in
particular RNA and gene based approaches.
Based on the molecular understanding of
these diseases several promising targets
have been identified as potential candidates
for treatment, however, in many cases the
translation to human therapies has been
limited because of delivery systems. In
particular proteins and peptides, are suscep-
tible to degradation in the gastrointestinal
tract and the first-pass metabolism after
oral administration (Sadikot 2004; Sadikot
et al 2014). The desired oral dosages
should protect the drugs under unstable
biological environments including drug
degradation induced by the gastrointestinal
tract and first-pass liver effects after oral
administration before reaching the targeted
sites, and to maximize the drug uptake and
absorption in the cellular regions. The use
of nanoparticles may allow the develop-
ment of a broad armamentarium of targeted
drugs against specific immune cells (da
Silva 2017; Sadikot et al. 2014).

Nanoscience is the study of nanoscale ma-
terials, processes and devices. Nanotech-
nology involves the design, synthesis and
characterization of materials that have a
functional organization in at least one di-
mension on the nanometer scale. Nanopar-
ticles, defined by the US National Nano-
technology Initiative as materials having at
least one diameter measuring 100 nm or
less, are increasingly utilized in consumer
products. Nanotechnology is a powerful
tool to design nanotherapeutics for different
therapeutic and  diagnostic  purposes
(Sadikot 2009; Koo et al 2005). Recent
advances in nanotechnology have provided
novel opportunities which have made it
possible to develop a variety of nanoparti-
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cles (NPs) with diverse applications. These
different types of nanoparticles include
polymer, metal, dendrimer, liposome, mi-
celles, nanocrystals, and nanotubes (Thor-
ley 2013; van Rijt et al 2014). These nano-
particles provide several advantages over
conventional drugs especially for pulmo-
nary drug delivery to treat acute conditions
such as Acute Respiratory Distress Syn-
drome (ARDS) or Pneumonia and chronic
lung diseases such as Chronic Obstructive
Pulmonary Disease (COPD), asthma, Idio-
pathic Pulmonary Fibrosis (IPF), and cystic
fibrosis (Merchant 2016; Ratemi 2016;
Willis et al. 2012). The main advantages
include local delivery to the zones to be
treated, limiting systemic side effects and
allowing for a reduction in the doses ad-
ministered to the patient.

Nanomedicine approach for Acute Res-
piratory Conditions:

Acute respiratory distress syndrome
(ARDS) develops secondary to a variety of
causes and is characterized by severe hy-
poxemia and pulmonary edema secondary
to increased permeability of the
alveolocapillary membranes. Despite recent
advances in diagnostic and therapeutic mo-
dalities Acute Respiratory Distress Syn-
drome (ARDS) still represents an unmet
medical need because it is associated with
significantly high morbidity and mortality
(30-40%) with increased health care cost
(Villar 2014). Hence, it represents and un-
met medical need and novel strategies to
treat this devastating disorder are much
needed. Unfortunately, contemporary drug
development approaches to address this
challenge that center on single pathway
inhibitors have shown to be insufficient
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because diverse mechanisms are responsi-
ble for complex pathogenesis of ARDS.

We have developed nano-formulations to
deliver anti-inflammatory agents and tested
these in murine models of lung injury and
inflammation. These approaches harness
unique attributes of novel, biocompatible
and biodegradable long acting peptides
which are covalently linked to polyethylene
glycol of molecular weight 2000 (DSPE-
PEG2000). These are sterically stabilized
phospholipid nanomicelles (SSM) in aque-
ous milieu (size, ~ 15 nm; that encompass
amphipathic peptide drugs, human gluca-
gon-like peptide-1 (GLP-1) (Lim 2011),
triggering receptor expressed on myeloid
cells (TREM-1) peptide (Yuan 2016) and
17-allylamino-17-demethoxygeldanamycin
(17-AAG), a water-insoluble cytotoxic
drug (Sadikot 2009). The lipid based for-
mulations have shown to enhance
neutrophilc lung injury. Our studies have
also demonstrated that administration of
nanoformulations is much more efficient
than administering naked peptides.

Other strategies to deliver nanomedicine to
the lungs have been investigated. In a mu-
rine model of acid induced lung injury
Kaviratna et al used nanovesicles of 300 +
50 nm composed of nonlamellar phospho-
lipids as pulmonary surfactant aerosols for
therapy. In this study a combination of
dipalmitoyl  phosphatidylcholine  and
dioleoyl phosphatidylethanolamine and
optimized the nanovesicles was used.
Nanovesicle aerosols reduced pulmonary
edema and interestingly this study showed
that that the nanovesicle aerosols of
nonlamellar lipids improved the resistance
of pulmonary surfactants to disintegration.
This approach could be promising as a non-
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invasive aerosol therapy in acute lung inju-
ry (Kaviratna 2012). Nanovesicle surfac-
tants used in their study can also act as
suitable platforms for noninvasive delivery
of agents to the alveoli.

Lin et al investigated Polyethyleneimine
(PEI) and DNA nanoparticles-based gene
therapy in a mouse model of acute lung
injury (Lin 2013). This study showed that
nanoparticles formed by PEI/DNA can de-
liver genes in mouse lung even in the pres-
ence of pre-existing ALI suggesting that
PEI/DNA nanoparticle-based gene therapy
could have potential in future clinical ap-
plications for inflammatory diseases such
as ARDS (Lin 2013) .Together these stud-
ies highlight the potential of nanomedicine
approach to administer targeted therapies
for lung inflammatory diseases such as
ARDS. This strategy amplifies drug deliv-
ery to the lung thereby maximizing efficacy
and enhancing resolution of inflammation
while reducing collateral damage to inno-
cent bystander organs as can occur in pa-
tients with ALI and ARDS.

Ventilator associated pneumonia (VAP) is
the second most common hospital-acquired
infection in the intensive care units and
results in increased mortality, morbidity,
and medical costs (Barbier 2013; Kollef et
al 2013). One of the main sources of bacte-
rial colonization within the airway is the
endotracheal tube (ETT) which can provide
a direct conduit from the outside environ-
ment to the lungs allowing migration of
bacteria to the alveoli. Many of the bacteria
exude biomolecules such as exopoly-
saccharides, which allows the adherence of
bacteria together forming biofilms while
shielding them from antibiotics. In this
type of extracellular matrix or biofilms bac-
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teria become especially resistant to both
antibiotics and the immune system of the
patient (Maurice et al 2018). Reducing bac-
terial adhesion and biofilm formation on
the surface of an ETT could potentially
reduce further colonization of the ETT.
Recent studies have investigated the use of
coating endotracheal tubes with
nanomaterials to inhibit the adhesion and
growth of bacteria (Puckett 2010; Tran
2010; Tran et al 2011). There has also been
an interest in using metal oxides, such as
Zinc, iron and Magnesium oxide to reduce
infections especially because many of these
have inherent antimicrobial properties
(Taylor 2011; Geilich 2013; Verrisimo et al
2015). These properties are enhanced when
the particles are on the nanoscale rather
than the microscale (Taylor et al 2011).
Geilich et al used polyvinyl chloride (PVC)
from conventional endotracheal tube and
embedded them with varying concentra-
tions of zinc oxide (ZnO) nanoparticles
(Geilich 2013) and tested them for growth
of S. aureus biofilms on these
nanocomposite surfaces. They showed that
the samples embedded with the highest
concentration of ZnO nanoparticles had a
significant reduction in bacterial colony
counts compared to the controls. , Thus
nanoparticle antioxidants may provide
unique opportunities to counteract the
pathogenicity of microorganisms and for-
mation of biofilms.

Collectively, these studies suggest that sur-
face engineering of biomaterials using a
nanotechnology approach can minimize
infections, and may thus decrease antibiotic
usage; all of which can decrease the pres-
ence of antibiotic resistant bacteria in the
clinical setting. Studies to investigate the
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potential of these nanomodified endotra-
cheal tubes in the critical care setting are
needed to establish the role of these novel
approaches for prevention of VAP.

Nanomedicine Approaches for Chronic
Respiratory Diseases:

Chronic respiratory diseases contribute to
significant mortality and morbidity and
recent data suggest that chronic lung dis-
eases including COPD, asthma and intersti-
tial lung fibrosis are on the rise. Pulmonary
drug delivery compared to systemic drug
administration presents a number of ad-
vantages to treat chronic lung diseases.
Most of the chronic respiratory diseases are
associated with inflammation. Structural
changes and inflammatory response con-
tribute to bronchial hyper-responsiveness
and overall reduced lung function in pa-
tients with chronic asthma and COPD. Ex-
perimental studies using animal models
have tested the efficacy of
nanoformulations and have shown promis-
ing results.

Xiao et al investigated the immunothera-
peutic effects of recombinant Caryota mitis
profilin  (rCmP)-loaded  poly(lactic-co-
glycolic acid) (PLGA) nanoparticles in a
murine model of allergenic asthma. By
regulating Thl/Th2 equilibrium rCmP-
loaded PLGA nanoparticles were able to
prevent and show therapeutic benefit in this
mouse model of asthma (Xiao 2013). In a
murine model of ovalbumin induced asth-
ma Park et al investigated the effects of
silver nanoparticles on bronchial inflamma-
tion and hyperresponsiveness. They
showed that silver nanoparticles exhibit
anti-oxidant effects and attenuate antigen-
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induced airway inflammation  and
hyperresponsivity (Park 2010). Wang et al
investigated if curcumin nanoparticles can
attenuate hyperresponsiveness in an oval-
bumin rat model of asthma. They com-
pared curcumin-solid lipid nanoparticles
(curcumin-SLNs) and curcumin alone.
They found that curcumin concentrations in
plasma suspension were significantly high-
er in mice who received curcumin-SLN
compared to curcumin alone. Following
administration of the curcumin-SLNs, all
the tissue concentrations of curcumin in-
creased, especially in lung and liver. In the
animal model of asthma, curcumin-SLNs
effectively suppressed airway hyper-
responsiveness and inflammatory cell infil-
tration and found that curcumin SLN were
much more efficacious at attenuating in-
flammation in ovalbumin (OVA)-induced
allergic rat model of asthma (Wang 2012).

Recently, we have reviewed the delivery of
nanoparticles in lung inflammation and
have examined total as well as regional
particle depositions in the whole-lung air-
way model (WLAM), as inhaled from a dry
powder inhaler (DPI). The validated mod-
eling methodology has been employed to
study the delivery of curcumin aerosols
into lung airways using a commercial DPI
(Kolanjiyil 2017). Chen et al used an aero-
solized liposome formulation for inhala-
tional delivery of Salbutamol sulfate (SBS)
in rat and guinea pig model of asthma.
Pulmonary delivery of liposomes in their
rat model showed that the liposomes were
effectively distributed in the airways and
lungs, and that the release of SBS from
liposomes was sustained for at least 48
hours. The pharmacodynamics were differ-
ent in the guinea pig model which showed

Copyright 2018 KEI Journals. All Rights Reserved

Medical Research Archives, vol. 6, issue 5, May 2018 issue

Page 50f 9

that the anti-asthmatic effect of SBS lipo-
somes persisted for up to 18 hours, whereas
that of free SBS solution was less than 8
hours (Chen 2012). These data suggest that
the pharmacodynamics and pharmacokinet-
ics may also depend on the size of the
lungs.

Although angiogenesis has shown to con-
tribute and is a feature of asthmatic in-
flammatory responses, specific therapeutic
anti-angiogenesis interventions have not
been investigated. A study by lanza et al
investigated anti-angiogenic prodrug thera-
py delivered by a micelle therapy in a
house dust mite allergic asthma model.
They showed a significantly reduced
microvascularity, bronchial remodeling,
and airway hyper-responsiveness in a rat
model of allergic asthma. Their study sug-
gests that direct anti-neovascular therapy
can contribute significantly to asthma man-
agement (Lanza 2017).

In a recent study by Amore et al two solid
lipid microparticles (SLMs) using chitosan
(a natural linear bio poly amino saccharide)
and alginate such as mucoadhesive poly-
mers were tested for their biocompatibility
and effectiveness. The study compared
SLMs with the free drug in controlling se-
nescence and inflammatory processes in
cigarette smoke extracts in an experimental
model. Their data showed that fluticasone
propionate (FP)-loaded SLMs were more
effective than FP alone in controlling oxi-
dative stress thus suggesting that FP-loaded
microparticles could be a promising strate-
gy for the treatment of the chronic inflam-
matory pulmonary diseases (Amore 2017).
The utility of chitosan in pulmonary drug
delivery systems was recently reviewed by
Dua et al (Dua 2017). The review high-

http://journals.ke-i.org/index.php/mra



Sadikot R.T.

lights that currently there is a lack of clini-
cal data and approaches for the use of chi-
tosan and further studies are needed before
they can be tested in clinical studies. In a
recent study Vij et al studied the efficacy of
a PEGylated immuno-conjugated PLGA-
nanoparticle (PINP) to selectively deliver
ibuprofen specifically to neutrophils which
are often the most abundant in refractory
inflammatory conditions. In a murine mod-
el of obstructive lung disease they show
that they were able to efficiently target the
drug to neutrophils allowing for an en-
hanced resolution of inflammation (Vij
2016).

The use of nanoparticles in measuring lung
morphology and to assess their applicabil-
ity was assessed and reviewed by Londahl
et al. Their study suggests that the recovery
of inhaled airborne nanoparticles may be
more useful for diagnosis of airways and
may offer several advantages (Londahl
2016). Although many of the above studies
demonstrate efficacy of nanoformulations
administration of nanoparticles to the lungs
may also pose the risk of developing aller-
gic inflammation and asthma and will need
careful evaluation.

Summary and Conclusions:

Development of nano-sized carriers includ-
ing nanoparticles, or liposomes holds great
potential for diagnosis and advanced deliv-
ery systems for immunomodulation in res-
piratory diseases. Nanoparticles can be
used to more effectively manipulate or de-
liver immunologically active components
for acute or chronic lung diseases. The
ability to target specific cells in tissue
without causing damage to distant organs
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to detrimental actions of drugs is an excit-
ing avenue to explore although still needs
to be established at a clinical level. The use
of nanomedicine may also play a role in
controlling conditions such as ventilator
associated pneumonia by using nanoparti-
cle coated endotracheal tubes which
demonstrate antimicrobial properties. The
application of nanotechnology to drug de-
livery has the potential to have an impact in
many areas of medicine particularly so for
lung diseases. Nanomedicine offers several
advantages including increased bioavaila-
bility, with controlled release and targeted
delivery with reduced toxicity. However
the safety, large scale production and cost
effectiveness will need to be established as
these have not been studied in clinical set-
tings. Translational studies with different
nanotechnology platforms will need to
demonstrate safety, efficacy, and clear
therapeutic advantage over existing treat-
ments for respiratory condition in addition
to cost-effectiveness in production. Rigor-
ous clinical testing will be needed to define
the side of effects of nanoparticles when
administered to the lungs. There is an ur-
gent need to pursue translational studies
using nanomedicine approach to develop
novel tangible therapies.

References:

Amore E, Ferraro M, Manca ML,
Gjomarkaj M, Giammona G, Pace E, Bondi
ML. Mucoadhesive solid lipid
microparticles for controlled release of a
corticosteroid in the chronic obstructive
pulmonary disease treatment.
Nanomedicine. 2017; 12:2287-2302.
[PubMed: 28868971]

http://journals.ke-i.org/index.php/mra



Sadikot R.T.

Barbier F, Andremont A, Wolff M,
Bouadma L. Hospital-acquired pneumonia
and ventilator-associated pneumonia: re-
cent advances in epidemiology and man-
agement. Curr Opin  Pulm Med.
2013;19:216-28.[PubMed: 23524477]

Barrecheguren M, Bourbeau J. Self-
management strategies in chronic obstruc-
tive pulmonary disease: a first step toward
personalized medicine. Curr Opin Pulm
Med. 2018; 24:191-198. [Pub-
Med:29278544]

Boyle AJ, Mac Sweeney R, McAuley DF.
Pharmacological treatments in ARDS; a
state-of-the-art  update. BMC  Med.
2013;11:166-170.[PubMed:3957905]

Boyle AJ, McNamee JJ, McAuley DF. Bio-
logical therapies in the acute respiratory
distress syndrome. Expert Opin Biol Ther.
2014;14:969-981.[PubMed: 24702248]

da Silva AL, Cruz FF, Rocco PRM, Mo-
rales MM. New perspectives in
nanotherapeutics for chronic respiratory
diseases. Biophys Rev. 2017;9:793-
803.[PubMed: 28914424]

Chen X, Huang W, Wong BC, Yin L,
Wong YF, Xu M, Yang Z. Liposomes pro-
long the therapeutic effect of anti-asthmatic
medication via pulmonary delivery. Int J
Nanomedicine. 2012;7:1139-
1148.[PubMed: 22412300]

Dua K, Bebawy M, Awasthi R, Tekade
RK, Tekade M, Gupta G, De Jesus
Andreoli Pinto T, Hansbro PM. Chitosan
and Its Derivatives in Nanocarrier Based
Pulmonary Drug Delivery Systems. Pharm
Nanotechnol. 2017, doi:
10.2174/2211738505666170808095258.

Copyright 2018 KEI Journals. All Rights Reserved

Medical Research Archives, vol. 6, issue 5, May 2018 issue

Page 7 of 9

[Epub ahead of print] [PubMed: 28786352]

Geilich BM, Webster TJ. Reduced adhe-
sion of Staphylococcus aureus to ZnO/PVC
nanocomposites. Int J Nanomedicine. 2013,
8:1177-1184. [PubMed: 23658484]

Kaviratna AS, Banerjee R. Nanovesicle
aerosols as surfactant therapy in lung inju-
ry. Nanomedicine. 2012;8:665-
72.[PubMed: 21889480]

Kolanjiyil AV, Kleinstreuer C, Sadikot RT.
Computationally efficient analysis of parti-
cle transport and deposition in a human
whole-lung-airway model. Part 1I: Dry
powder inhaler application. Comput Biol
Med. 2017;84:247-253.[PubMed:
27836120]

Kollef  MH. Ventilator-associated
tracheobronchitis and ventilator-associated
pneumonia: truth vs myth. Chest.
2013;144(1):3-5.[PubMed: 23880669]

Koo OM, Rubinstein I, Onyuksel H. Role
of nanotechnology in targeted drug delivery
and imaging: a concise  review.
Nanomedicine. 2005;1:193-212.[PubMed:
17292079]

Lanza GM, Jenkins J, Schmieder AH,
Moldobaeva A, Cui G, Zhang H, Yang X,
Zhong Q, Keupp J, Sergin |, Paranandi KS,
Eldridge L, Allen JS, Williams T, Scott MJ,
Razani B, Wagner EM. Anti-angiogenic
Nanotherapy Inhibits Airway Remodeling
and Hyper-responsiveness of Dust Mite
Triggered Asthma in the Brown Norway
Rat. Theranostics. 2017;7(2):377-
389.[PubMed: 28042341]

Lim SB, Rubinstein I, Sadikot RT, Artwohl
JE, Onyiiksel H. A novel peptide
nanomedicine against acute lung injury:

http://journals.ke-i.org/index.php/mra



Sadikot R.T.

GLP-1 in phospholipid micelles. Pharm
Res. 2011;28:662-72.[PubMed: 21108040]

Lin EH, Chang HY, Yeh SD, Yang KY, Hu
HS, Wu CW. Polyethyleneimine and DNA
nanoparticles-based gene therapy for acute
lung injury. Nanomedicine. 2013;9:1293-
303.[PubMed: 23727098]

Londahl J, Jakobsson JK, Broday DM,
Aaltonen HL, Wollmer P. Do nanoparticles
provide a new opportunity for diagnosis of
distal airspace disease? Int J
Nanomedicine.  2016;12:41-51.[PubMed:
28053522]

Maurice NM, Bedi B, Sadikot RT. Pseu-
domonas aeruginosa Biofilms: Host Re-
sponse and Clinical Implications in Lung
Infections. Am J Respir Cell Mol Biol.
2018; doi: 10.1165/rcmb.2017-0321TR.
[Epub ahead of print] [PubMed:
29372812]

Merchant Z, Buckton G, Taylor KM, Sta-
pleton P, Saleem 1Y, Zariwala MG,
Somavarapu S. A New Era of Pulmonary
Delivery of Nano-antimicrobial Therapeu-
tics to Treat Chronic Pulmonary Infections.
Curr Pharm Des. 2016;22:2577-2598.
[PubMed: 26983671]

Park HS, Kim KH, Jang S, Park JW, Cha
HR, Lee JE, Kim JO, Kim SY, Lee CS,
Kim JP, Jung SS. Attenuation of allergic
airway inflammation and
hyperresponsiveness in a murine model of
asthma by silver nanoparticles. Int J
Nanomedicine. 2010;5:505-15. [PubMed:
20957173]

Puckett SD, Taylor E, Raimondo T, Web-
ster TJ. The relationship between the
nanostructure of titanium surfaces and bac-

Copyright 2018 KEI Journals. All Rights Reserved

Medical Research Archives, vol. 6, issue 5, May 2018 issue

Page 8 of 9

terial attachment. Biomaterials.
2010;31:706-13.[PubMed: 19879645]

Ratemi E, Sultana Shaik A, Al Faraj A,
Halwani R. Alternative approaches for the
treatment of airway diseases: focus on na-
noparticle medicine. Clin Exp Allergy.
2016;46(8):1033-1042. [PubMed:
27404025]

Sadikot RT, Rubinstein 1. Long-acting,
multi-targeted nanomedicine: addressing
unmet medical need in acute lung injury. J
Biomed Nanotechnol. 2009;5:614-
619.[PubMed: 20201223]

Sadikot RT, Christman JW, Blackwell TS.
Molecular targets for modulating lung in-
flammation and injury. Curr Drug Targets.
2004;5:581-588. [PubMed: 15270205]

Sadikot RT. The potential role of nano- and
micro-technology in the management of
critical illnesses. Adv Drug Deliv Rev.
2014;77:27-31.[PubMed: 25204519]

Taylor E, Webster TJ. Reducing infections
through nanotechnology and nanoparticles.
Int J Nanomedicine. 2011;6:1463-
1473.[PubMed: 21796248]

Thorley AJ, Tetley TD. New perspectives
in  nanomedicine.  Pharmacol  Ther.
2013;140:176-185.[PubMed: 23811125]

Tran N, Mir A, Mallik D, Sinha A, Nayar
S, Webster TJ. Bactericidal effect of iron
oxide nanoparticles on Staphylococcus
aureus. Int J Nanomedicine. 2010; 5:277-
83. [PubMed: 20463943]

Tran PA, Webster TJ. Selenium nanoparti-
cles inhibit Staphylococcus aureus growth.
Int J Nanomedicine. 2011;6: 1553-
1558.[PubMed: 21845045]

http://journals.ke-i.org/index.php/mra



Sadikot R.T.

van Rijt SH, Bein T, Meiners S. Medical
nanoparticles for next generation drug de-
livery to the lungs. Eur Respir J. 2014; 44:
765-774. [PubMed: 24791828]

Verissimo NC, Geilich BM, Oliveira HG,
Caram R, Webster TJ. Reducing Staphylo-
coccus aureus growth on Ti alloy
nanostructured surfaces through the addi-
tion of Sn. J Biomed Mater Res A.
2015;103: 3757-3763.[PubMed: 26033413]

Villar J, Sulemanji D, Kacmarek RM. The
acute respiratory distress syndrome: inci-
dence and mortality, has it changed?Curr
Opin Crit Care. 2014;20:3-9.[PubMed:
24309954]

Vij N, Min T, Bodas M, Gorde A, Roy I.
Neutrophil targeted nano-drug delivery
system for chronic obstructive lung diseas-
es. Nanomedicine. 2016;12:2415-2427.
[PubMed: 27381067]

Wang W, Zhu R, Xie Q, Li A, Xiao Y, Li
K, Liu H, Cui D, Chen Y, Wang

Copyright 2018 KEI Journals. All Rights Reserved

Medical Research Archives, vol. 6, issue 5, May 2018 issue

Page 9 of 9

S.Enhanced bioavailability and efficiency
of curcumin for the treatment of asthma by
its formulation in solid lipid nanoparticles.
Int J Nanomedicine. 2012;7:3667-
3677.[PubMed: 22888226]

Willis L, Hayes D Jr, Mansour HM. Thera-
peutic liposomal dry powder inhalation
aerosols for targeted lung delivery. Lung.
2012;190:251-262.[PubMed: 24376349]

Xiao X, Zeng X, Zhang X, Ma L, Liu X,
Yu H, Mei L, Liu Z. Effects of Caryota
mitis profilin-loaded PLGA nanoparticles
in a murine model of allergic asthma. Int J
Nanomedicine. 2013;8:4553-
4562.[PubMed: 24376349]

Yuan Z, Syed M, Panchal D, Joo M, Bedi
C, Lim S, Onyuksel H, Rubinstein I, Col-
onna M, Sadikot RT. TREM-1-accentuated
lung injury via miR-155 is inhibited by
LP17 nanomedicine. Am J Physiol Lung
Cell Mol Physiol. 2016;310:L426-
438.[PubMed: 26684249]

http://journals.ke-i.org/index.php/mra



