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Abstract
Asthma, a respiratory tract disease, is characterized by inflammation and obstruction of 
airway. Inflammatory cells play a significant role in allergic asthma, and there is no complete 
cure for asthma. One of the new approaches in medicines is nanoparticle-base treatment. The 
aim of the current study is to introduce a new therapeutic approach in nano-medicine with 
neurotensin. Conjugated peptide nanoparticles were prepared and characterized, and then 
administrated to asthmatic mice. Airway hyperresponsiveness (AHR) test, broncho-alveolar 
lavage fluid (BALF) cells counting, cytokines level, and histopathology study were conducted. 
Treatment with peptide nanoparticles could control AHR, percentage of eosinophils in BALF, 
levels of interleukin 4 (IL-4), IL-5, and IL-33, peri-airways and perivascular eosinophilic inflam-
mation. Producing and using of new peptide nano-drugs could introduce new therapeutic 
approach in controlling pathological-related mechanisms in allergic asthma.
© 2025 Codon Publications. Published by Codon Publications.
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Introduction

Asthma, one of the non-communicable diseases of respira-
tory tract, is characterized by inflammation and obstruc-
tion of the airway. More than 300 hundred million people 
are suffering from asthma globally, and it has become a 
huge economic burden of state as well as families.1–4 

Asthma symptoms, such as difficult and short breathing, 
wheezing, high heart rate, and chest pain, result from 
inflammation in the airway, which triggers processes such 
as increased production of mucus, changes in the struc-
ture of airway walls, and bronchial hyperresponsiveness 
(BHR). Asthma is caused by a combination of intricate and 
unknown genetic and environmental factors, and these 
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factors are important in both severity of the disease and 
response to its treatment. Family history and various genes 
are involved as asthma risk factors; these genes are asso-
ciated with immune system and inflammatory responses. 
Inflammatory cells play a significant role in allergic asthma 
by secreting pro-inflammatory and inflammatory cytokines, 
such as interleukin-4 (IL-4), IL-5, IL-9, IL-13, IL-17, IL-25, and 
IL-33. Although there is no cure for asthma, its manifes-
tations could be controlled. The most effective treatment 
for asthma is to detect its triggers and eliminate exposure 
to the same combined with medicines to control bronchial 
inflammation.5–9

One of the new approaches in discovering and creating 
therapies is nanoparticle-based treatment. Nano-drugs are 
improvement of therapeutic agents using nanotechnology. 
Recently, nano-medicine has received a lot of attention 
and is used to improve drug delivery in the body. Metal 
nanoparticles are used widely, but gold and silver are the 
most widely used elements, and different ligands, such as 
peptides, can bind to the particles.10–12

Neurotensin, a 13-amino acid peptide, as a hormone 
and neurotransmitter, was first isolated from bovine hypo-
thalamus that influences gut motility. Neurotensin is an 
important regulator of immune cells and acts as a linker 
between the immune and nervous systems. This neuroim-
mune interaction is observed in asthma and neurotensin 
affects as a modulator in both inflammatory cells and lung 
nerves.13 The main aim of the current study is to introduce 
a new therapeutic approach in nano-medicine to study and 
control pathophysiology of allergic asthma, and enhance 
immunomodulatory activity with endogenous peptide 
through nanoparticles. 

Materials and Methods

Peptide nanoparticle preparation

Linker molecules were used as a covalent bonding to bind 
neurotensin to silver nanoparticles. Briefly, aldehyde active 
groups of neurotensin and hydrazine active groups of sil-
ver nanoparticles were conjugated by connecting these 
two active groups. Then, a high-speed centrifuge was 
used to ensure the complete purification of peptide-bound 
nanoparticles.11,12 Scanning electron microscopy (SEM) and 
Fourier Transform Infrared Spectroscopy (FTIR) spectros-
copy were applied to confirm the formation of conjugated 
peptide nanoparticles. Peptide releasing was investigated 
at pH 7.4 (physiological), 7, and 6.4 (similar to bronchi pH), 
and concentration of the released peptide was determined 
according to standard curve.11,12

Allergic asthma model

Allergic asthma model for the study was prepared using 
BALB/c mice by administering ovalbumin (OVA) with alum 
adjuvant through intraperitoneal route (on days 1 and 14) 
and repeating through inhalation for sensitization and chal-
lenging by 1% of OVA solution (on days 24, 26, 28, and 30) 
as described in the literature.3,8,12,14 Under standard animal 
care conditions, mice were allocated in the following five 

groups: asthma group (group A), healthy control group, 
which received phosphate-buffered saline (PBS) only (group 
B), and three allergic asthma groups that received silver 
nanoparticle (group C), neurotensin peptide (group D), and 
neurotensin–silver nanoparticle (group E).. On day 30, air-
way hyperresponsiveness (AHR) test was conducted and on 
day 31, the mice were euthanized by CO2 and then sampled.

AHR test

Airway hyperresponsiveness was performed in all groups 
according to previously described method.3,8,12,14,15 In brief, 
metacholine (Mch) challenge test was done in increased 
dose of Mch (0, 1, 2, 4, 8, 16, and 32 mg/mL) via nebulizing 
and AHR was assessed as Penh (or enhanced pause) value.

BAL fluid cells

Broncho-alveolar lavage fluid (BALF) was collected and 
cytospine slides were prepared to determine eosinophil 
percentage. The supernatant of BALF was used to measure-
ment of bio-factors.

Luminex assay

A multiplex mouse cytokine, chemokine, and growth fac-
tor detection kit were used to measure levels of cyto-
kines, such as IL-4, IL-5, IL-13, and IL-33, according to 
manufacturer’s description.

Histopathology

Lung tissues of mice were isolated and fixed. The histopa-
thology sections were stained with hematoxyline and eosin 
(H&E), Periodic acishiff (PAS), and Alcian blue (AB)–PAS. 
The slides were evaluated under microscopy to determine 
mucus produced in the airways, goblet cell hyper/metapla-
sia (an abnormal increase in the number of goblet cells), 
and eosinophilic inflammation in perivascular (around 
blood vessels) and peri-airways (around airways) of the 
lungs.3,8,12,14,16

Statistical analysis

The result was expressed as means ± SD. Differences 
between studied groups were analyzed with a t-test, and 
P < 0.05 was considered statistically significant. GraphPad 
Prism was used to present the data.

Result

Nanoparticles 

The SEM figure described semi-spheral shape of nanoparti-
cles that had an average size of 142 ± 6 nm. FTIR spectros-
copy presented and confirmed the conjugation of peptide 
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Levels of cytokines 

The levels of main cytokines, IL-4, IL-5, IL-33, and IL-13, 
were enhanced significantly (P < 0.05) in group A, com-
pared to group B (Figure 4). Levels of these four cytokines 
in group C were similar to that of group A, but in the other 
two groups (groups D and E), levels of IL-4, IL-5, and IL-33 
decreased significantly (P < 0.05), compared to group A, 
but decrease in the levels of IL-13 in groups D and E was not 
significant (P > 0.05).

Histopathology

In group A, goblet cell metaplasia, excessive mucus pro-
duction in the airways and peri-airways, and perivascular 
eosinophilic inflammation were increased significantly (P < 
0.05), compared to group B (Figures 5 and 6). Goblet cell 
metaplasia and excessive mucus production in the airways 
showed no significant changes (P > 0.05) in groups C, D, 
and E, compared to group A. Peri-airways and perivascular 
eosinophilic inflammation decreased significantly (P < 0.05) 

nanoparticles. Assays performed at pH 7.4, 7, and 6.4 
showed that a large amount of peptide releasing occurred 
in first 6 h (Figure 1). 

AHR

AHR results showed that Penh value in asthma group 
increased significantly (P < 0.05), compared to healthy 
group in response to Mch concentration (Figure 2). In addi-
tion, group C was similar to asthma group (group A), but 
in the other three groups, AHR decreased significantly  
(P < 0.05), compared to the asthma group.

BALF eosinophil

The percentage of eosinophils was elevated in the BALF 
of asthmatic mice, compared to group B (Figure 3). In 
addition, group C was similar to group A, but in the other 
two groups (groups D and E), percentage of eosinophils 
decreased significantly (P < 0.05), compared to group A.

Figure 1  SEM of neurotensin conjugated to silver nanoparticles has semi-spheral shape. FTIR confirmed the formation of the 
conjugated peptide-nanoparticle. Also, peptide releasing percentage was measured in several pH; 7.4, 7, and 6.4 (in 24 h).
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Figure 2  Study of airway hyperresponsiveness in all groups 
was done through Mch challenge test.
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Figure 3 Percentage of eosinophils was determined in 
broncho-alveolar lavage fluid. 
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Figure 4  Levels of the main allergic cytokines, IL-4, IL-5, IL-13, and IL-33, were measured in the broncho-alveolar lavage fluid of 
mice.
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Figure 5  Mucus production, metaplasia of the goblet cell, and eosinophilic inflammation in perivascular and peribronchial were 
studied in pathological sections.

in groups D and E, compared to group A, but this decrease 
was not significant (P > 0.05) in group C, compared to 
group A.

Discussion

Asthma is a highly complicated chronic pulmonary inflam-
matory disease, involving a variety of cells and molecules. 
Therefore, it has many potential targets, including tran-
scription factors, chemokines, tyrosine kinases, cytokines 
and their receptors as well as co-stimulatory molecules, 
which can be manipulated through nanoparticles. Traditional 
anti-asthmatics are administered by inhalation, intravenously, 
or orally. Inhaled agents are the mainstream medications to 
control asthma, and compared to systemically administrated 
drugs, the targeted drug delivery by inhalation improves the 
bioavailability of drugs. The drugs directly act on the respi-
ratory tract with less dosage and fewer systemic adverse 
reactions and toxicity.10,17,18 The most commonly used drugs 
include inhaled β2-receptor agonists, anticholinergic drugs, 
corticosteroids, and short-acting theophylline. 

The current nano-drugs are divided into two cate-
gories: nanotechnology-improved traditional molecu-
lar drugs, and brand-new nano-drugs. The nano form of 

traditional drugs mainly includes nanoparticle carriers 
developed with precise surface patterns, and the existing 
drugs carrying through drug-targeting reagents. Nontoxic 
nanoparticle, telomere dendrimer, a dendrimer molecule 
designed or modified to interact with or mimic telomeres), 
is an efficient nano-carrier with better stability and greater 
loading capacity that delivers hydrophobic drugs directly 
into the lungs, reduces allergic pulmonary inflammation, 
eosinophils, and inflammatory cytokines.19–21 Many vectors 
based on liposomes and polymers have been developed to 
convert nucleic acids into nanoparticles for lung delivery. 
Applications of nanoparticles, such as polyethyleneimine 
(PEI), chitosan, polyamidoamine dendrimers, and biode-
gradable poly(lactic-co-glycolic) acid (PLGA) in the deliv-
ery of nucleic acids to the lungs have been described.10,22–26 
Therefore, selecting and producing a suitable nanoparticle 
as a drug carrier is important and helps to achieve good 
results to control asthma with the best vision and with-
out or least adverse effects. AHR results showed that Penh 
value decreased due to treatment with peptides and pep-
tide nanoparticles.

Furthermore, in allergen-specific immunotherapy, non-
toxic, sterile, and endotoxin-free formulations are required 
for safe clinical application of nanoparticles. Sterilization 
of nanoparticles after synthesis may be problematic as it 
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Figure 6  Lung sections of mice were prepared and stained with hematoxylin and eosin–periodic acid-Schiff (H&E-PAS), PAS, 
Alcian Blue–PAS (AB-PAS), and H&E. 

may alter properties.27 It was observed that proteolytic 
processing enhanced uptake by macropinocytosis as well 
as antigen presentation of allergen together with the abil-
ity to boost IgG2a antibody (a specific subclass of immu-
noglobulin G [Ig-G]) and diminish immunoglobulin E (IgE) 
levels upon SiO2 nanoparticle interactions. All events imply 
the skewing of immune responses toward a Th1-dominated 
immune profile and decreased allergic sensitization. 
Therefore, SiO2 nanoparticles may benefit as an efficient 
allergen-immunotherapy nano-carrier platform associated 
with a nonparticulate adjuvant.28 

In a study, to overcome metabolization and clearance of 
the drug, targeted drug delivery based on nanotechnology 
was developed to increase the bioavailability of herbal drugs 
to treat asthma. In a mouse model of house dust mite (HDM)-
induced asthma, a nano-herbal drug inhibited inflammation 
in the lungs as evidenced by reduced inflammatory cells and 
inflammatory cytokines. The prescribed nano-herbal drug 
markedly inhibited IL-4, IL-5, and IL-13 (Th2 cytokines, pro-
duced by Th2 cells) and elevated IL-12 levels (Th1 cytokines). 
IL-12 is involved in the antagonism of Th2-responses and IgE 
synthesis to restrain the progress of asthma.29 Levels of IL-4, 
IL-5, and IL-33 decreased significantly in two treated groups 
(groups D and E), compared to non-treated asthma group.

In another study, intra-tracheal administration of 
mucus-penetrating nanoparticles carrying thymulin-
expressing plasmids normalized the pathologic fea-
tures of asthmatic lungs (including pulmonary fibrosis, 
chronic inflammation, and mechanical perturbation). It 
reduced eosinophil counts, IL-4, IL-13, and vascular endo-
thelial growth factor (VEGF), concomitantly normalizing 

chemokine CCL11 (eotaxin-1) level, and blocking eosino-
phil recruitment and collagen deposition. It was reported 
that pro-fibrotic mediators and neutrophil-recruiting CXCL1 
were reduced by treatment with a single dose of thy-
mulin-expressing nanoparticles; shifted phenotypic from 
pathological TH2 subtype to therapeutic Treg; and the 
Treg-recruiting CCL17 level was elevated. Thymulin pheno-
typic nanoparticle deviating macrophages from M2 pheno-
type may be attributed to a reduction in M2-inducing TH2 
cytokine production.30–32 The elevated percentage of eosin-
ophils in the BALF of asthmatic mice was reduced in two 
treated groups (groups D and E).

Although some studies indicated the pro-inflammatory 
activity of neurotensin in the murine model of sepsis and 
the animal model of colitis,33,34 neurotensin signaling was 
up-regulated in experimental colitis during the healing 
process. In a study, neurotensin exhibited anti-inflam-
matory activity through the reduced levels of IL-6 and 
tumor necrosis factor-α (TNF-α) in serum and malondial-
dehyde, caspase-3, and myeloperoxidase in colonic tis-
sue.13,35 Neurotensin and its receptors have been identified 
in airway mucosa, in presynaptic cholinergic terminals, 
and in post-synaptic smooth muscles of the bronchi.13,36 
Neurotensin administration could reduce airway respon-
siveness to methacholine provocation.13 About cytokines, 
IL-17A has an important role in lung inflammation and is 
secreted by distinctive T cells of Th17 subtype. IL-17A is 
expressed in the BALF of asthmatic patients. It induces 
neutrophil chemotactic factor (CXCL8) released from air-
way smooth muscles and epithelial cells that leads to 
neutrophil recruitment. Another main cytokine in asthma 
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