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Conclusion: The therapeutic efficacy ofZ. multiflora can
potentially be enhancetthrough tageted delivery using chitosan
nanoparticles administered via inhalatiorasthmatic rats

Rat

Please cite this paper as:
Parvaz\, MirhosseiniM, Saadas, Amin F, Etemad_. Therapeutic effects dfataria multifloraBoiss extract
loaded chitosan nanopites against asthma in rafsvicenna J Phytomed, 26. Epub ahead of print.

Introduction ages, with higher incidence rates observed

Asthma is a prevalent inflammatory  in women than me(Kaur and Chupp 2019;
lung disease affecting individuals of all Wu et al. 2019) While its exact etiology
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remains unclear, both genetic and
environmental factors contribute tthe

disease pathogenesitemanske Jr and
Busse 2010)Current treatment strategies

focus on symptom  management,
inflammation contol, and pulmonary
function improvement, with  herbal

interventions such aZataria multiflora
Boiss demonstrating significant
antiasthmatic potentiglAkah et al. 2003;
Alavinezhad et al. 2017; Lemanske Jr and
Bus® 2010; Sagar and Sahoo 2012; Wang
et al. 2019)

Zataria multiflora Boiss a member of
the Lamiaceae family indigenous to Iran,
Afghanistan, and PakistgKianmehr et al.
2017a) has shown therapeutic efficacy in
amelioratng cough and inflammatory
pulmonary  conditions.  Experimental
studies indicatethat its extract reduces
airway inflammation and modulates
cytokine profiles in asthma models
(Boskabady and Jalali 2013; Boskabady et
al. 2013) The plant bioactive compents
including terpenes, phenols, flavonoids,
and particularly carvacrol and thymol are
primarily responsible for its
pharmacological effect§Boskabady and
Gholami Mhtaj 2014; Boskabady et al.
2011)

Nanoparticlebased drug delivery
systems enhance therapeutic efficacy by
improving drug solubility and
bioavailability(Saraf 2010)Their ability to
penetrate respiratory mucosa makes them
particularly suitable for pulmonary delivery
(yan and Sha 2023) Chitosan
nanoparticles offer additional advantages
including enhanced drug stability and
reduced systemic toxicitfWang et al.
2011) and have demonstrated potential in
augmenting the anthflammatory effects
of asthma therapeutics like theophylline
(Kandasamy et al. 2010; Lee et al. 2006)

Despite established evidence
supporting Z. multiflora antiasthmat
properties, its formulation with chitosan
nanoparticles remains unexplored. This
study investigates the potential therapeutic

enhancement ofZ. multiflora through
nanoencapsulation.

Materials and Methods
Plant and extract

Zataria multiflora was colleted from
the mountainous region spanning Yazd and
Tabas, Iran. Botanical identification was
confirmed by Mr. Joharchi at the Ferdowsi
University of Mashhad Herbarium
(voucher specimen No. 35314, FUMH).
The hydroalcoholic extract was prepared
following  estblished  phytochemical
protocols.

Preparation of Z. multiflora extract -
loaded chitosan particles

A 1% (w/v) chitosan solution was made
in 1% (v/v) acetic acidandmixed with 1%
(v/v) Tween 80 for . For drug loading,
two concentrations af. multiflora extract
(0.25and 0.5g) werepreparedn 5 ml of
ethanol and added to the chitosan solution,
andmixedfor 20 min. A 0.5% pentasodium
tripolyphosphate solution was added
dropwise while stirring for hr, followed
by sonication for 10 min. The particlegre
separated via centrifugation at 14,000 rpm
for 20 min, mixed with distilled water, and
stored in a freezeat-2 0 Particle loading
was measured using a visihléiraviolet
spectrophotometer (PGT 80+, England) in
the range of 200 to 800 nm.

Animals and groups

Thirty-six male Wistar rats (20050 Q)
were randomly divided into  six
experimental groups (n=6 per group):

Control group (Ctrl): Received 0.9%
sterile saline solutiomia inhalation

Asthma group: Sensitized
ovalbumin (%0OVA) via inhalation

A+CNP group: Treated with empty
nanachitosan possensitization  via
inhalation

A+ZmCNP8 group: Treated with low
concentration (8 mg/kg/day) ofZ.
multiflora extractloaded chitosan particles
via inhalation

with
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A+ZmCNP80 group: Treated with high
concentration (80 mg/kg/day) ofZ.
multiflora extractloaded chitosan particles
via inhalation

A+DEX  group: Treated  with
0.03mg/kgday  dexamethasone via
intraperitoneal injection

Induction of OVA-induced allergic
airway inflammation

On days 0 and 8, erpt for the control
group, rats were sensitized with
intraperitoneal injections of OVA.

Subsequently, from days 14 to ,2fhe
animals were exposed to aerosolized OVA
using a nebulizer to induce an airway
allergic inflammatory response. This
stepwise segitization and challenge
protocol with OVA is a welestablished
standard model of allergic asthma and has
been widely used in previous sju@iVang

et al. 2012)Following OVA sensitization
and challenge, the animals were exposed to
chitosan nanoparticles concurrently with
the 1% OVA aerosol exposugEigure 1).

[o]Tz]aT«]s e[ 78] o] e[ uz]aTa[ 151617 [ 1210 [ 20 21 | 22] Day-

OVA (Ip) sensitization OVA (Ip) sensitization

Traztmant and 1% OVA inhalation

Scarification

Figurel. Timetableof OVA exposure and treatmisn

The aerosol concentration was
determined using a calibrated ind&tabn
chamber system. This chamber was
equipped with an aerosol generator that
produced particles with a mass median
aerodynamic diameter (MMAD) ofi%
em. The stability
concentration during inhalation was
monitored in reatime using a RAMS
(RealTime Aerosol Monitor). Six rats in
each group, matched for age and weight
(2001 250 g), were exposed under identical
conditions and received the drug via
inhalation. Given their comparable
physiological characteristics, their
respiratory volumes werpresumed to be
uniform, ensuring consistent delivery of the
drug to all animals.

On day 22, rats were humanely
euthanized via intraperitoneal injection of a
ketaminexylazine combination (80 and 10
mg/kg, respectivelyjWang et al. 2012)

Bronchoalveolar lavage fluid (BALF)
was obtained
into the right lung through a cannula,
followed by gentle lag massage and
aspiration. This procedure was repeated
five times(Memarzia et al. 2024)

b ysalinen t rfood ul coiwiign gl

Measurement of oxidant and antixidant
biomarkers

Antioxidant biomarkers, superoxide
dismutase (SOD) and catalase (CAT), and
the oxidant biomarker, malondialdehyde
(MDA), were measured in BALF which
wad centritudee ahstoeed at89°< prior to
analysig(Ghasemi et al. 2023)

Total number of leukocytes and the
differential count in BALF

Total white blood cell (WBC) counts
were determined
a Neubauer chamber. Blood smears were
prepared for differential cell countingging
Wright-Giemsa  stain (Shakeri and
Boskabady 2017)

Measurement of cytokinedevels

The levels of cytokines interleukin 4
(IL-4) and i nter f)anthen
lavagewere measured using enztineked
immunosorbent assay (ELISA) Kits,
tmh e
(Karmania Pars Gen, Kerman, Iran).

Measurement of tracheal responsiveness
to methacholine and OVA
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Following euthanasia, tracheal
sgments were isolated and mounted in an
organ bath system to measure contractile
responses to methacholine hydrochloride
((1018 to 1013 M)
isometric tension recorded at-n@n
intervals for methacholine and at 15 min
following ovalbuminexposurgGhorani et
al. 2018; Shahabadi et al. 2022)

Statistical analysis

Data were analyzed with GraphPad Prism
8.0. Thenormality of the data was assessed
using the KolmogoraVSmirnov test.
Statistical analyis was performed using
oneway analysis of variance (ANOVA)
foll owed by Tukeyos
test. Results are shown as the mean + SEM.
p<0.05 was considered significant.

Results
Successful loading of Z. multiflora
extract into chitosan particles

The successful loading @ multiflora
extract in chitosan particles was
investigated using UV technique§he
maximum absorption of the ethanolic
solution of Z. multiflora extract was
observed at 271 nm, which closely aligns
with the findings of Keawchaoon and
Yoksan (Amax in dimethyl
sulfoxide(DMSO) D 274 nm)
(Keawchaoon and Yoksan 2011Figure
2). These results demonstrate the successful
loading ofZ. multiflora extract in chitosan
nanoparticles.
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Figure 2. UV spectra of (blue) chitosan
nanoparticles (CNP) an (Orangg Zataria

multiflora extractloaded chitosan nanoparticles
(0.5ZmCNP).

Oxidant and anti-oxidant biomarkers in
BALF

The levels of MDA in the Asthma,
A+CNP, and A+ZmCNP80 groups were

a n digniicendly Kigher théf) thosenn thé

control group(p<0.01 to p<0.001, Figure
3A). Treatment with a low dose aof.
multiflora chitosan nanoparticles (ZmCNP)
and dexamethasone (DEX) resulted in
decreased MDA levslin the A+ZmCNP8
and A+DEX groups compared to the
Asthma group (p<0.001, Figure 3AA
significant difference in MDA
concentration was observed between the
A+CNP group andhe groupstreatedwith
low and high doses of ZmCNP (p<0.001,
Rguie.t 3iA)pNo esigniicantn gifeerence io n
MDA levels was observed between the
DEX-treated group and low dose of
ZmCNP group; however, a significant
difference was found between the DEX
treated group and the high sto ZmCNP
group (p=0.008, FigurgA). There was also
a signficant difference in MDA levels
between low- and highdose ZmCNP
groups (p=0.02, Figure. 3A). The SOD
activity in the Asthma group was
significantly lower than thain the control
group (p<0.05, Figure 3B), with no
significant differencesamongthe treatd
groups.

CAT activity was significantly reduced
in the Asthma, A+CNP, A+ZmCNP8, and
A+ZmCNP80 groups compared tthe
control group(p<0.01 and p<0.001, Figure
3C).DEX treatment increased CAT activity
in the A+DEX group compared to the
Asthma group (p<OD Figure 3C).No
significant differences in CAT activity were
found among the A+CNP, A+ZmCNP8,
and A+ZmCNP80 groups, nor between
low- and highdoseZmCNPgroups
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Figure 3. Malondialdehyde (MDA) concentration
(A), and superoxide dismutase (SOD) (B) and
catalase (CAT) (C) activities in BALF of the control
(Ctrl), asthmatic (Asthmaxhitosan nanoparticles
treated asthmatic (A+CNPchitosan nanoparticles
of Zataria multiflora 8 or 80 mg/kg/dayreated
asthmatic (A+ZmCNP8 or A+ZmCNP80), and
dexamethasont@reated asthmatic (A+DEX) groups.
Data are shown asean #$SEM (n=6 in each group).
***p<0.001, **p<0.01 and p<0.05 compared to the
Ctrl group, ##p<0.001 and # p<0.01 compared to
theasthmagroup. Statistical analysis was performed
using oneway analysis of variance (ANOVA)
foll owed by

Total white blood cells in BALF

The total WBC counts were
significantly elevated in the Asthma,
A+CNP, A+ZmCNP8, and A+ZmCNP80
groups compared to theontrol group
(p<0.05 to p$H.001). Treatment with
ZMCNP or DEX significantly reduced
these countgompared to the Asthma group
(p<0.01 to p<0.001). Notably, the A+CNP
group showed a significantly higher WBC
count than both the low(A+ZmCNP8,
p<0.001) and higldose (A+ZmCNP8O0,
p=0.01) ZmCNP treatment groups
Furthermore, while no significant

difference was observed between the DEX

and A+ZmCNP8 groups, the WBC count in
the highdose ZMmCNP group
(A+ZmCNP80) remained significantly
higher than in tB DEX-treated group
(p<0.001) There was a significan
difference in total WBCGountbetween th
low- and highdose ZmCNP groups
(p=0.007, Figure 4)

Figure 4. Total white blood cells (WBC) counts in
bronchoalveolar lavage fluid (BALF) of the control
(Ctrl), asthmatic (Asthmaxhitosan nanopatrticles
treated asthmatic (AGNP), chitosan nanoparticles
of Zataria multiflora 8 or 80 mg/kg/dayreated
asthmatic (A+ZmCNP8 or A+ZmCNP80), and
dexamethasont&reated asthmatic (A+DEX)
groups. Data are shown as mean + SEM (n=6 in
each group). *p<0.001 and p<0.05 compared to
the Ctrl group, ###p<0.001 and ##0.01compared
to the Asthma group. Statistical analysigas
performed using onmway analysis of variance
( ANOVA) foll owed by

Tambagisodtest. mu | t icpmparison test.

Epub ahead of print 5

Tukey



