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Abstract: Allergic asthma is a widespread disease with elevated eosinophil levels. Although corticosteroids are 
widely prescribed for allergic asthma, numerous patients experience limited sensitivity and side effects. Loranthus 
tanakae Franch. & Sav., a traditional herbal plant, has anti-inflammatory and antioxidant properties in pulmo-
nary inflammation caused by Asian sand dust and cigarette smoke condensate. To assess the protective effects 
of L. tanakae, we examined the influence of an L. tanakae ethanol extract (LTE) in ovalbumin (OVA)-induced 
asthma. Mice received intraperitoneal sensitisation with OVA, and challenged using OVA inhalation. LTE was 
consecutively orally gavaged for 6 days. Following sacrifice, the bronchoalveolar lavage fluid (BALF) and lung 
tissue was analysed. The LTE treatment considerably reduced inflammatory cell counts, proinflammatory cyto-
kine levels in the BALF, and immunoglobulin E, compared with the OVA group, along with a reduction in airway 
hyperresponsiveness. The LTE also improved airway inflammation and suppressed mucus hypersecretion in the 
lung tissues. Additionally, the expression of MMP-9 and activation of ERK, JNK, and p38 were notably diminished 
in the LTE groups. This study revealed reduced airway inflammation in OVA-induced asthma via suppressing 
the MMP-9 and mitogen-activated protein kinase-associated factors. Consequently, our findings demonstrated 
that LTE is suggested as a potential remedy for allergic asthma.
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Allergic asthma, recognised as a critical health 
condition, impacts about 300 million individuals 
globally, leading to more than 400 000 deaths an-
nually (Yang et al. 2024). It is primarily triggered 
by exposure to allergens, air pollutants, and chemi-
cal agents, and is described by hallmark features 
including airway hyperresponsiveness (AHR), 
airway remodelling, and mucus overproduction 
all of which contribute to clinical symptoms like 
coughing, sputum production, chest pain, and 
dyspnoea (Papi et al. 2018). Allergic asthma has 
a complex twisted pathophysiology that includes 
several interconnected signalling pathways. Among 
these, the elevation of Type 2 T-helper (Th2) im-
mune responses is considered a crucial contribu-
tor to disease development (Pak et al. 2022). The 
enhanced Th2 activity promotes the amassment 
of inflammatory cells, containing macrophages, 
neutrophils, and eosinophils, in the lung tissues and 
leads to the amplification of interleukin (IL)-4, IL-5, 
and IL-13, thereby intensifying allergic inflam-
matory responses (Lee et al. 2024a). The current 
therapeutic strategies for allergic asthma include 
corticosteroids, bronchodilators, and leukotriene 
receptor antagonists. However, their long-term use 
is limited by adverse effects such as immunosup-
pression, nausea, vomiting, and the development 
of resistance to the drug (Shin et al. 2014; Lowe 
et al. 2015).

Moreover, bronchodilators do not target the un-
derlying pathogenic mechanisms of allergic asthma, 
but merely provide symptomatic relief by reduc-
ing bronchoconstriction-induced AHR, rendering 
them insufficient as standalone therapies (Shin 
et al. 2017). In turn, this has sparked a growing 
demand for advanced therapeutic strategies that 
can effectively target the fundamental mechanisms 
of allergic asthma.

The mitogen-activated protein kinase (MAPK) 
pathway serves as  an  integral regulator of  im-
mune cell metabolism, inflammatory response 
modulation, and other physiological processes. 
Activated MAPKs modulate the inflammatory re-
sponse by phosphorylating and activating several 
downstream targets, regulating immune cell func-
tions, and influencing transcription factors. In the 
context of asthma pathology, the MAPK pathway 
facilitates airway inflammation by regulating in-
flammatory cell activation and cytokine secretion 
(Jiang et al. 2023). Notably, it critically contributes 
to driving airway remodelling, which is recognised 

as a core pathological feature of asthma. Airway 
remodelling is closely linked to heightened matrix 
metalloproteinase (MMP)-9 expression, a key pro-
tease involved in the extracellular matrix degrada-
tion (Zou et al. 2019). MMP-9 facilitates airway 
remodelling through airway inflammation, mucus 
production, and the destruction of typical alveo-
lar structures in asthma patients. Thus, both the 
MAPK pathway and MMP-9 are integral to the 
pathological processes of asthma, contributing 
to the production of cytokines and chemokines 
that promote Th2 differentiation and inflammatory 
responses (Lee et al. 2024a). Therefore, targeting 
MAPKs and MMP-9 may offer a novel approach 
to asthma treatment.

Loranthus tanakae Franch. & Sav. is  a  semi-
parasitic herbal plant of the Loranthaceae fam-
ily in some East Asian countries, including South 
Korea, Japan, and China. L. tanakae has tradition-
ally been used to improve the function of the liv-
er, kidneys, and muscles and additionally applied 
to treat hyperlipidaemia, diabetes mellitus, and 
cancer (Joo et al. 2019; Park et al. 2022). Previous 
research has demonstrated that L. tanakae exhibits 
multiple pharmacological properties in respirato-
ry disorders such as chronic obstructive pulmo-
nary disease (COPD) induced by cigarette smoke 
condensate (CSC) and pulmonary inflammation 
caused by Asian sand dust (ASD) exposure (Park 
et al. 2022; Lee et al. 2024b).

Despite its broad pharmacological profile and 
potential relevance to allergic asthma, no studies 
to date have specifically examined its therapeutic 
effects in  this context. Furthermore, L.  tanakae 
comprises various bioactive substances, includ-
ing its major constituents, quercitrin and afzelin. 
Quercetin and kaempferol, the aglycones of quer-
citrin and afzelin, have been proven to be relatively 
safe through extensive toxicity studies and long-term 
in vivo experiments (Harwood et al. 2007; Yangzom 
et al. 2022). These findings suggest that L. tanakae 
is likely to be low-toxic even with long-term con-
sumption, although systematic research on the ex-
tract’s acute and chronic toxicity remains limited.

Hence, we studied the ingredients of L. tanakae 
through high-performance liquid chromatography 
(HPLC) and scrutinised the therapeutic efficacy 
of L. tanakae in allergic asthma through an ovalbu-
min (OVA)-induced allergic asthma model, aiming 
to provide preliminary data supporting its clinical 
potential.
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Figure 1

MATERIAL AND METHODS

Plant material

The aerial portions of L. tanakae were sourced 
through a local herbalist in Repubic of Korea. The 
plant’s identity was confirmed via genetic analysis 
by Byeong Cheol Moon, who worked at the Korea 
Institute of Oriental Medicine (KIOM), and a cor-
responding voucher specimen (No. 2-16-0335) was 
preserved in the Korean Herbarium of Standard 
Herbal Resources. The plant material was air-dried, 
ground with a blender (HMF-3000S; Hanil Electric, 
Seoul, Republic of Korea), and sieved to a par-
ticle size of 600 μm. Extraction was performed 
by refluxing the powdered plant material twice for 
2 h at 80 °C using 6 l of 70% ethanol. Using chro-
matography paper (46 × 57 cm), the extract was 
filtered, and the solvent was evaporated under re-
duced pressure to ensure complete removal of the 
ethanol. The extraction process yielded 126.42 g 
of L. tanakae ethanol extract (LET), corresponding 
to 12.25% (w/w), which was kept at –20 °C. This 
plant material was previously used in another study 
(Lee et al. 2024a).

Animals and ethical declaration

Specific pathogen-free female Balb/c mice 
(6 weeks old) were obtained from Samtako Co. 
(Gyeonggi-do, Republic of Korea). The animals were 
housed under controlled conditions of 22 ± 2 °C, 
55 ± 15% relative humidity, and a 12 h light/12 h 
dark cycle throughout the experimental period. 
All the animal procedures were reviewed and ap-
proved by the Institutional Animal Care and Use 

Committee of Chonnam National University (CNU 
IACUC-YB-2021-63) and conducted in accordance 
with the National Institutes of Health Guidelines 
for the Care and Use of Laboratory Animals.

OVA-induced allergic asthma model

An allergic asthma model was induced as de-
scribed previously (Lee et al. 2024b) (Figure 1). 
Mice were sensitised with intraperitoneal OVA 
(20 μg; Sigma-Aldrich, St. Louis, MO, USA) and 
aluminium hydroxide (20 mg  in 200 μl of PBS, 
Sigma-Aldrich) on days 1 and 14, followed by aero-
solised OVA [1% v/v in phosphate buffered saline 
(PBS)] exposure via an ultrasonic nebuliser (NE-
U12; Omron, Tokyo, Japan) twice daily for 20 min 
on days 21–23. The airway hyperresponsiveness 
(AHR) was measured using the FlexiVent system 
(SCIREQ; Montreal, QC, Canada) after a tracheos-
tomy and exposure to the aerosolised PBS or meth-
acholine (10, 20 and 40 mg/ml, Sigma-Aldrich).

Mice were randomised into five groups (n = 6): 
normal control (NC; PBS for intraperitoneal injec-
tion, inhalation, and oral administration), allergic 
asthma group (OVA; OVA sensitisation and chal-
lenge with PBS oral administration), dexametha-
sone-treated group (DEX; OVA-induced asthma 
model treated orally with dexamethasone (1 mg/kg 
in  PBS, Sigma-Aldrich)), and two LTE-treated 
groups (LTE25 and LTE50; OVA-induced asthma 
model treated orally with 25 or 50 mg/kg of the 
L. tanakae ethanol extract in PBS, respectively). 
A daily oral gavage of LTE and dexamethasone was 
performed from days 18 to 23. The selected LTE 
doses were based on prior experimental data (Lee 
et al. 2024a).

Figure 1. Illustration of the research
To induce sensitisation, the animals received OVA injections on days 1 and 14 and were exposed to an OVA solution 
through aerosol during days 21 to 23. The animals were treated with DEX and LTE via oral gavage on a daily basis from 
days 18 to 23. The AHR was evaluated on day 24. The sacrifice of the animals was performed on day 25
AHR = airway hyperresponsiveness; DEX = dexamethasone; LTE = L. tanakae ethanol extract; OVA = ovalbumin
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Analysis of bronchoalveolar lavage fluids

On day 25, the mice were anaesthetised with 
intraperitoneal alfaxalone (85 mg/kg; Jurox Pty 
Ltd., Rutherford, NSW, Australia) and xylazine 
(10 mg/kg; Bayer Korea, Seoul, Republic of Korea). 
After the tracheostomy and intubation, the bron-
choalveolar lavage fluid (BALF) was collected by in-
stilling 0.7 ml ice-cold PBS twice (total 1.4 ml). The 
samples were centrifuged (300 × g, 10 min, 4 °C), and 
the supernatants were used to quantify IL-4, IL-5, 
and IL-13 using Enzyme-Linked Immunosorbent 
Assay (ELISA) kits (R&D Systems, Minneapolis, 
MN). Cell pellets were resuspended in 500 μl PBS, 
and total counts were obtained using an automat-
ed cell counter (Cell Countess III; Thermo Fisher 
Scientific, San Diego, CA, USA). For the differential 
cell counting, 200 μl was cytocentrifuged (Cytospin; 
Hanil Science Industrial Co, Ltd., Seoul, Republic 
of  Korea), stained with the Diff-Quik reagent 
(BIOZOA, Seoul, Republic of Korea), and examined 
under a light microscope (Leica, Wetzlar, Germany). 
The proportions of inflammatory cell types were 
calculated from the total cell counts.

Analysis of serum

Blood was collected from the caudal vena cava 
and centrifuged (200 × g, 20 min) to obtain the se-
rum. The OVA-specific IgE was quantified by ELISA 
(BioLegend, San Diego, CA, USA). Briefly, 96-well 
plates were coated overnight with OVA (10 μg/ml 
in PBS-Tween-20), blocked, and incubated with se-
rum samples for 2 hours. After washing, Horseradish 
Peroxidase- (HRP)-conjugated goat anti-mouse IgE 
antibodies were added, followed by the o-phenylene-
diamine dihydrochloride substrate (Sigma-Aldrich). 
The plates were incubated in the dark for 10 min, 
and the absorbance was measured at 450 nm using 
a spectrophotometer (Bio-Rad, Hercules, CA, USA).

Histopathological analysis of the lung tissue

Following the BALF collection, the left lung was 
fixed in 4% paraformaldehyde, embedded in paraffin, 
sectioned (4 μm), and stained with haematoxylin and 
eosin (H&E; Sigma-Aldrich) and periodic acid–Schiff 
(PAS; Sigma-Aldrich) to evaluate the inflammation 
and mucus production, respectively. For immuno-

histochemistry (IHC), sections were processed using 
a commercial kit (Vector Laboratories, Burlingame, 
CA, USA) with an anti-MMP-9 antibody (1 : 200, 
ab38898; Abcam, Cambridge, UK) according to the 
manufacturer’s instructions. Images were captured 
using a digital slide scanner (Motic, Hong Kong, 
P.R. China), and quantitative analyses of the inflam-
mation, mucus production, and MMP-9 expression 
were performed with an image analysis system (IMT 
i-Solution Inc., Vancouver, BC, Canada).

Western blotting

Proteins were extracted from the right lung 
lobes homogenised in a tissue lysis buffer (1/10 
w/v; Sigma-Aldrich) containing a protease inhibi-
tor cocktail (Sigma-Aldrich) using a mechanical 
homogeniser. Protein concentrations were de-
termined using the Bradford assay (Bio-Rad). 
Western blotting was performed as described pre-
viously (Pak et al. 2022). The primary antibodies 
(1 : 1 000) included p-ERK (#9101), ERK (#4695), 
p-JNK (#9251), JNK (B7128), p-p38 (#4631), p38 
(#9212), and β-actin (#4967) (all from Cell Signaling 
Technology, Danvers, MA, USA), and MMP-9 
(ab38898; Abcam, Cambridge, UK). The band in-
tensities were quantified using a ChemiDoc imag-
ing system (Bio-Rad).

Statistical analysis

The data were assessed for normality using 
the Shapiro–Wilk test. Statistical analyses were 
performed using one-way analysis of  variance 
(ANOVA) followed by Dunnett’s multiple compari-
son test (GraphPad Prism v8.0; GraphPad Software, 
San Diego, CA, USA). Data are expressed as the 
mean ± standard deviation (SD), and the differences 
were considered significant at P < 0.05 or P < 0.01.

RESULTS

Analysis of ingredient in LTE

Marker compounds in LTE were analysed using 
HPLC-UV (Figure 2). The identity and content 
of the compounds were validated by comparing 
their retention times and peak consistency with 
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those of the standard references. Quercitrin and 
afzelin were identified at the retention times 
of approximately 11.2 min and 12.1 min, respec-
tively, with the concentrations in LTE determined 
to be approximately 20.0 mg/g (2.0%) and 6.1 mg/g 
(0.61%) at a detection wavelength of 280 nm, re-
spectively..

Effect of LTE on the AHR in asthmatic mice

Airway hyperresponsiveness (AHR), a major indi-
cator of asthma, was significantly higher in the OVA 
group than in the NC group (Figure 3). The DEX 
group demonstrated a  pronounced reduction 
in AHR compared with the OVA group. Similarly, 
the LTE treatment suppressed AHR in a dose-de-
pendent manner, with the LTE50 group exhibiting 
a more pronounced reduction. This suppressive 
effect was particularly evident at a higher metha-
choline concentration.

Effects of LTE on the inflammatory cell 
count of the BALF from the asthmatic mice

The total inflammatory cell count in the BALF 
was more elevated in the OVA group compared 

Figure 2. Composition analysis of LTE
LTE was analysed using HPLC with detection at 280 nm. The active components are described in the main text
HPLC = high-performance liquid chromatography; LTE = L. tanakae ethanol extract

Figure 3. The effect of LTE on the AHR of OVA-inhaled 
animals
The administration of LTE reduced the increased airway 
hyperresponsiveness in the OVA exposed animals. NC, 
PBS treatment only; OVA, OVA exposure animals with oral 
administration of PBS; DEX, OVA exposure animals with 
oral administration of dexamethasone; LTE25 and LTE50, 
OVA exposure animals with oral administration (25 and 
50 mg/kg, respectively) of LTE
The values are displayed as the mean ± SD; ##P < 0.01 versus 
NC, and **P < 0.01 versus OVA
AHR = airway hyperresponsiveness; DEX = dexamethasone; 
LTE = L. tanakae ethanol extract; NC = normal control; 
OVA = ovalbumin; PBS = phosphate-buffered saline; SD = 
standard deviation
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to the NC group, with a particularly marked in-
crease in eosinophils (Figure 4). The DEX group 
showed a notable reduction in both total inflamma-
tory cells and eosinophils compared with the OVA 
group. Likewise, the LTE treatment significantly 
decreased the number of inflammatory cells, in-
cluding eosinophils.

Effects of the LTE on the patho-
physiological factors of the BALF 
and serum in asthmatic mice

The levels of IL-4, IL-5, and IL-13 were signifi-
cantly higher in the OVA group than in the NC 
group (Figure 5).

These cytokines were markedly reduced in the 
DEX group and decreased in both LTE-treated 
groups, with a greater reduction observed in LTE50. 
Similarly, the total IgE and OVA-specific IgE 
were elevated in the OVA group, but significantly 
decreased in the DEX and LTE groups relative 
to OVA.

Figure 5. Effect of LTE on the pathophysiological factors of the BALF and serum from the OVA inhaled animals
The administration of LTE decreased the levels of (A) IL-4, (B) IL-5, (C) IL-13, (D) Total IgE, and (E) OVA-specific IgE 
in the OVA inhaled animals. NC, PBS treatment only; OVA, OVA exposure animals with the oral administration of PBS; 
DEX, OVA exposure animals with the oral administration of dexamethasone; LTE25 and LTE50, OVA exposure animals 
with the oral administration (25 and 50 mg/kg, respectively) of LTE
The values are displayed as the mean ± SD; ##P < 0.01 versus NC; *P < 0.05, **P < 0.01 versus OVA
BALF = bronchoalveolar lavage fluid; DEX = dexamethasone; IgE = immunoglobulin E; IL = interleukin; LTE = L. tana-
kae ethanol extract; NC = normal control; OVA = ovalbumin; PBS = phosphate-buffered saline; SD = standard deviation

Figure 4. The effects of LTE on inflammatory cells in the 
BALF of OVA-inhaled animals
The administration of LTE decreased the inflammatory 
cells in the BALF from the OVA inhaled animals. NC, PBS 
treatment only; OVA, OVA exposure animals with the 
oral administration of PBS; DEX, OVA exposure animals 
with the oral administration of dexamethasone; LTE25 and 
LTE50, OVA exposure animals with the oral administration 
(25 and 50 mg/kg, respectively) of LTE
The values are displayed as the mean ± SD; ##P < 0.01 versus 
NC; *P < 0.05, **P < 0.01 versus OVA
BALF = bronchoalveolar lavage fluid; DEX = dexametha-
sone; LTE = L. tanakae ethanol extract; NC = normal con-
trol; OVA = ovalbumin; PBS = phosphate-buffered saline; 
SD = standard deviation
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Effects of the LTE on the pulmonary 
inflammation, mucus production and 
MMP-9 expression in asthmatic mice

The histological analysis of lung tissue using H&E 
and PAS staining revealed significantly greater 
pulmonary inflammation in the OVA group than 
in the NC group (Figure 6). Both the DEX and LTE 
groups showed markedly reduced inflammation 
compared with the OVA group. Moreover, mucus 
hypersecretion was prominent in the OVA group, 
but substantially diminished in the DEX and LTE 
groups. The immunohistochemical analysis further 
demonstrated that the MMP-9 expression patterns 
corresponded with the extent of pulmonary inflam-
mation and mucus secretion.

Effects of the LTE on the MAPKs and 
MMP-9 of asthmatic mice

The phosphorylation levels of ERK, JNK, and p38, 
key components of the MAPK signalling pathway, 
were pronounced increased in the OVA group com-
pared with the NC group (Figure 7A). The admin-
istration of DEX or LTE resulted in a noticeable 
and measurable reduction in the phosphorylation 
of ERK, JNK and p38 (Figure 7B–D, respectively). 
In addition, the MMP-9 protein expression was 
markedly increased in the OVA groups compared 
with the NC group, while the LTE groups signifi-
cantly and consistently decreased the MMP-9 ex-
pression levels notably compared with the OVA 
group (Figure 7E).

Figure 6. Effect of LTE on the pulmonary inflammation, mucus secretion, and MMP-9 in the lung tissue
The administration of LTE alleviated the pulmonary inflammation and mucus secretion, with H&E (×80; Bar = 100 μm) 
and PAS (×150, ×400; Bar = 80 μm) staining confirming these effects individually, and it inhibited the expression of MMP-9 
by IHC (×100; Bar = 100 μm). NC, PBS treatment only; OVA, OVA exposure animals with the oral administration of PBS; 
DEX, OVA exposure animals with the oral administration of dexamethasone; LTE25 and LTE50, OVA exposure animals 
with the oral administration (25 and 50 mg/kg, respectively) of LTE
The values are displayed as the mean ± SD; ##P < 0.01 versus NC; **P < 0.01 versus OVA
DEX = dexamethasone; H&E = haematoxylin and eosin; IHC = immunohistochemistry; LTE = L. tanakae ethanol extract; 
MMP-9 = matrix metalloproteinase-9; NC = normal control; OVA = ovalbumin; PAS = periodic acid-Schiff ; PBS = 
phosphate-buffered saline; SD = standard deviation
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DISCUSSION

Allergic asthma, a long-term respiratory disease, 
poses a serious threat to human health. Despite 
advances in treatment, there remains a continuing 
need to develop novel therapeutic agents, as cur-
rently available drugs for allergic asthma are lim-
ited in efficacy. LTE, a traditional remedy, has been 
used to treat various inflammatory conditions due 
to its diverse pharmacological properties. We ap-
praised the therapeutic potential of LTE against 
an  OVA-induced experimental allergic asthma 
model, and analysed its active components via 
HPLC. Quercitrin and afzelin were identified 
as the major constituents of LTE. In the allergic 
asthma model, LTE led to a significant decrease 
in the BALF inflammatory cell counts, which was 
accompanied by reductions in the AHR, proinflam-
matory cytokines, and OVA-specific IgE. The his-
tological analysis demonstrated that LTE inhibited 
the accumulation of inflammatory cells and mucus 
secretion from the goblet cells in the lung tissue. 

Moreover, LTE effectively suppressed the MAPK 
phosphorylation in these mice.

Eosinophilic inf lammation is   a  hallmark 
of asthma. Eosinophils contain numerous cyto-
plasmic granules enriched with biologically ac-
tive molecules such as cytokines, growth factors, 
chemokines, tissue damaging protein, and reactive 
oxygen species (ROS) (Jackson et al. 2024; Wang 
and Liu 2024). These mediators are released ei-
ther directly or indirectly contributing to the am-
plification of allergic inflammation in lung tissues 
(Ying et al. 1997). During the progression of al-
lergic asthma, eosinophils infiltrate damaged tis-
sues and are activated by cytokines such as IL-4, 
IL-5, and IL-13 (Figueiredo et al. 2023). IL-4 is piv-
otal in naive CD4+ T cells differentiating into Th2 
cells, in the induction of IL-5 and IL-13 secretion, 
in promoting class switching in allergen-specific 
B cells, and in enhancing IgE release (Rosenberg 
et al. 2007). IL-5 facilitates eosinophil recruitment, 
maturation, activation and survival by modulating 
the intracellular signalling pathways including PI3K, 

Figure 7. Effect of LTE on the inflammatory protein expression
The administration of LTE downregulated (A) the expression of protein in the gel, and (B–E) the relative ratio of ERK, 
JNK, and p38 phosphorylation from each and expression of MMP-9. NC, PBS treatment only; OVA, OVA exposure ani-
mals with the oral administration of PBS; DEX, OVA exposure animals with the oral administration of dexamethasone; 
LTE25 and LTE50, OVA exposure animals with the oral administration (25 and 50 mg/kg, respectively) of LTE
The values are displayed as the mean ± SD; ##P < 0.01 versus NC; *P < 0.05, **P < 0.01 versus OVA
DEX = dexamethasone; LTE = L. tanakae ethanol extract; MMP-9 = matrix metalloproteinase-9; NC = normal control; 
OVA = ovalbumin; PBS = phosphate-buffered saline; SD = standard deviation
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JAK2, NF-κB and MAPKs (Hussain and Liu 2024). 
IL-13 contributes to asthma progression by upreg-
ulating the inducible nitric oxide synthase (iNOS) 
expression, driving excessive mucus production, 
and increasing AHR through bronchial smooth 
muscle contraction (Pak et al. 2022a). Activated 
eosinophils release these stimulatory factors, ac-
celerating allergic asthma progression and leading 
to airway remodelling, enhanced AHR, and exces-
sive mucus production (Hussain and Liu 2024). 
In the current study, the administration of LTE ef-
fectively reduced the number of inflammatory cells 
in the BALF of OVA-induced allergic asthmatic 
mice, along with a decline in IL-4, IL-5, and IL-13 
production. Moreover, the LTE treatment markedly 
reduced inflammatory cell infiltration and mucus 
production in lung tissues. Taken together, these 
observations imply that LTE effectively suppresses 
the allergic responses in asthmatic animals.

Allergic asthma pathogenesis involves a compli-
cated interplay of numerous signalling pathways 
(Shin et al. 2014). Of these signalling pathways, 
MAPKs are key players in regulating the inflamma-
tory responses and innate immunity (Arthur and 
Ley 2013; Yang et al. 2021). During the progression 
of allergic asthma, various stimuli activate MAPKs 
through phosphorylation, which subsequently pro-
mote cell differentiation and stimulate the produc-
tion of a broad array of inflammatory mediators, 
including cytokines, chemokines, growth fac-
tors, and matrix metalloproteinases (MMPs) (Alam 
and Gorska 2011; Khorasanizadeh et  al. 2017; 
Saleem 2024). Among the MMPs, MMP-9 serves 
as a key indicator for assessing the severity of al-
lergic asthma. As a proteolytic enzyme, MMP-9 
degrades extracellular matrix proteins such as gela-
tin and collagen, which are essential for maintain-
ing normal cellular architecture (Lee et al. 2024b). 
Under asthmatic conditions, MMP-9 is markedly 
upregulated in damaged lung tissue, disrupting al-
veolar structure and increasing production of in-
flammatory mediators, ultimately contributing 
to the loss of pulmonary function (Naik et al. 2017). 
Therefore, targeting MAPKs and MMPs is con-
sidered a critical therapeutic strategy in asthma 
management (Pelaia et al. 2005; Shin et al. 2012; 
Xu et al. 2023; Wang et al. 2024).

Through the present study, the phosphorylation 
of MAPKs – including ERK, JNK, and p38 – was 
effectively reduced by an oral LTE treatment in the 
allergic asthma model, with the concomitant sup-

pression in the MMP-9 expression. These obser-
vations suggest a strong association between the 
anti-asthmatic effects of LTE and its ability to sup-
press MAPK signalling and MMP-9 expression. 
Prior research indicates that LTE exhibits a pro-
tective role in pathological respiratory conditions, 
including ASD-induced airway inflammation and 
CSC-induced COPD (Park et al. 2022; Lee et al. 
2024a). Moreover, quercitrin and afzelin, two fla-
vonoid compounds isolated from LTE, exhibit vari-
ous pharmacological activities (Chen et al. 2022; 
Kciuk et al. 2024). Quercitrin is known to suppress 
immune activation and inflammatory responses 
by downregulating the MAPKs, T-bet, and GATA-3 
(Li et al. 2016; Yu et al. 2022). Similarly, afzelin dem-
onstrates anti-inflammatory properties by repress-
ing MAPK signalling in particulate matter-exposed 
human keratinocytes and exhibits anti-asthmatic 
potential through the downregulation of GATA-3 
in allergic asthma models (Zhou and Nie 2015; 
Kim et  al. 2019). Furthermore, a  recent study 
demonstrated that the combined administration 
of quercetin and kaempferol, the aglycones of these 
glycosides, effectively mitigates inflammation and 
oxidative stress (Mandal et al. 2025). Based on these 
findings, the potent therapeutic efficacy of LTE ob-
served in this study may be attributable to the syn-
ergistic action of these active components. Future 
research investigating the individual and combined 
effects of these compounds would be beneficial for 
further elucidating the underlying mechanisms.

LTE effectively alleviates several pathological 
characteristics in an OVA-induced allergic asth-
ma model including eosinophilic inflammation, 
cytokines and IgE secretion, airway hyperrespon-
siveness (AHR), and inflammatory cell infiltration 
in lung tissues. These effects were linked to the LTE 
modulating MAPK pathway. MMP-9 is a key effec-
tor in airway remodelling, specifically in the break-
down of type IV collagen and elastin, the disruption 
of epithelial integrity, and the release of TGF-β that 
stimulate fibroblasts, encourage smooth muscle hy-
pertrophy, and increase extracellular matrix depo-
sition. Crucially, the observed decrease in MMP-9 
expression suggests that LTE may mitigate the 
airway remodelling caused by MMP-9. The sig-
nificance of this study lies in its potential to posi-
tion LTE as a useful therapeutic option for allergic 
asthma. Given the shortcomings of currently avail-
able drugs for allergic asthma, the potential effi-
cacy of conventional remedies such as LTE offers 
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encouraging insights for treatment. Collectively, 
our findings suggest that LTE is a promising option 
for the therapeutic management of allergic asthma.

Conflict of interest

The authors declare no conflict of interest.

REFERENCES

Alam R, Gorska MM. Mitogen-activated protein kinase 
signalling and ERK1/2 bistability in asthma. Clin Exp Al-
lergy. 2011 Feb;41(2):149-59.

Arthur JS, Ley SC. Mitogen-activated protein kinases in in-
nate immunity. Nat Rev Immunol. 2013 Sep;13(9):679-92.

Chen J, Li G, Sun C, Peng F, Yu L, Chen Y, Tan Y, Cao X, 
Tang Y, Xie X, Peng C. Chemistry, pharmacokinetics, 
pharmacological activities, and toxicity of quercitrin. 
Phytother Res. 2022 Apr;36(4):1545-75.

Figueiredo IAD, Ferreira SRD, Fernandes JM, Silva BAD, 
Vasconcelos LHC, Cavalcante FA. A review of the patho-
physiology and the role of  ion channels on bronchial 
asthma. Front Pharmacol. 2023 Sep 28;14:1236550.

Harwood M, Danielewska-Nikiel B, Borzelleca JF, Flamm 
GW, Williams GM, Lines TC. A critical review of the data 
related to the safety of quercetin and lack of evidence 
of in vivo toxicity, including lack of genotoxic/carcino-
genic properties. Food Chem Toxicol. 2007 Nov;45(11): 
2179-205.

Hussain M, Liu G. Eosinophilic asthma: Pathophysiology 
and therapeutic horizons. Cells. 2024 Feb 23;13(5):384.

Jackson DJ, Wechsler ME, Brusselle G, Buhl R. Targeting 
the IL-5 pathway in eosinophilic asthma: A comparison 
of anti-IL-5 versus anti-IL-5 receptor agents. Allergy. 
2024 Nov;79(11):2943-52. Erratum in: Allergy. 2025 May; 
80(5):1557.

Jiang Y, Nguyen TV, Jin J, Yu ZN, Song CH, Chai OH. Ber-
gapten ameliorates combined allergic rhinitis and asthma 
syndrome after PM2.5 exposure by balancing Treg/Th17 
expression and suppressing STAT3 and MAPK activation 
in a mouse model. Biomed Pharmacother. 2023 Aug;164: 
114959.

Joo SW, Kim HG, Oh EJ, Ko JH, Lee YG, Kang SC, Lee DY, 
Baek NI. Cyclofarnesane sesquiterpene glucoside from 
the whole plant of Loranthus tanakae and its cytotoxicity. 
J Appl Biol Chem. 2019 Mar;62(1):7-10.

Kciuk M, Garg N, Dhankhar S, Saini M, Mujwar S, Devi S, 
Chauhan S, Singh TG, Singh R, Marciniak B, Gielecin-
ska A, Kontek R. Exploring the comprehensive neuropro-

tective and anticancer potential of  afzelin. Pharma- 
ceuticals (Basel). 2024 May 28;17(6):701.

Khorasanizadeh M, Eskian M, Gelfand EW, Rezaei N. Mi-
togen-activated protein kinases as therapeutic targets for 
asthma. Pharmacol Ther. 2017 Jun;174:112-6.

Kim JH, Kim M, Kim JM, Lee MK, Seo SJ, Park KY. Afzelin 
suppresses proinflammatory responses in particulate 
matter-exposed human keratinocytes. Int J Mol Med. 
2019 Jun;43(6):2516-22.

Lee SJ, Lee AY, Pak SW, Kim WI, Yang YG, Lim JO, Chae 
SW, Cho YK, Kim JC, Moon BC, Seo YS, Shin IS. Protec-
tive effects of Angelica decursiva Franchet & Savatier 
on allergic responses through enhancement of Nrf2 and 
suppression of NF-kB/MMP-9 in ovalbumin-exposed 
mice. J Ethnopharmacol. 2024a Jan 10;318(Pt A):116863.

Lee SJ, Pak SW, Lee AY, Kim WI, Chae SW, Cho YK, Ko JW, 
Kim TW, Kim JC, Moon BC, Seo YS, Shin IS. Loranthus 
tanakae Franch. and Sav. attenuates respiratory inflam-
mation caused by Asian sand dust. Antioxidants (Basel). 
2024b Mar 29;13(4):419.

Li W, Li H, Zhang M, Wang M, Zhong Y, Wu H, Yang Y, 
Morel L, Wei Q. Quercitrin ameliorates the development 
of systemic lupus erythematosus-like disease in a chronic 
graft-versus-host murine model. Am J Physiol Renal 
Physiol. 2016 Jul 1;311(1):F217-26.

Lowe AP, Thomas RS, Nials AT, Kidd EJ, Broadley KJ, Ford 
WR. LPS exacerbates functional and inflammatory re-
sponses to ovalbumin and decreases sensitivity to inhaled 
fluticasone propionate in a guinea pig model of asthma. 
Br J Pharmacol. 2015 May;172(10):2588-603.

Mandal S, Mitra A, Bose B, Shenoy PS. Quercetin and 
kaempferol mitigate endotoxin-induced skeletal muscle 
wasting by inhibiting KLF15 expression and restoring the 
antioxidant system. FASEB J. 2025 Jul 15;39(13):e70790.

Naik SP, Mahesh PA, Jayaraj BS, Madhunapantula SV, Jah-
romi SR, Yadav MK. Evaluation of inflammatory markers 
interleukin-6 (IL-6) and matrix metalloproteinase-9 
(MMP-9) in asthma. J Asthma. 2017 Aug;54(6):584-93.

Pak SW, Lee AY, Seo YS, Lee SJ, Kim WI, Shin DH, Kim JC, 
Kim JS, Lim JO, Shin IS. Anti-asthmatic effects of Phlomis 
umbrosa Turczaninow using ovalbumin induced asthma 
murine model and network pharmacology analysis. Bi-
omed Pharmacother. 2022 Jan;145:112410.

Papi A, Brightling C, Pedersen SE, Reddel HK. Asthma. 
Lancet. 2018 Feb 24;391(10122):783-800.

Park SW, Lee AY, Lim JO, Lee SJ, Kim WI, Yang YG, Kim B, 
Kim JS, Chae SW, Na K, Seo YS, Shin IS. Loranthus tan-
akae Franch. & Sav. suppresses inflammatory response 
in cigarette smoke condensate exposed bronchial epithe-
lial cells and mice. Antioxidants (Basel). 2022 Sep 23; 
11(10):1885.

https://www.agriculturejournals.cz/web/vetmed/


200

Original Paper	 Veterinarni Medicina, 71, 2026 (5): 190–200

https://doi.org/10.17221/77/2025-VETMED

Pelaia G, Cuda G, Vatrella A, Gallelli L, Caraglia M, 
Marra M, Abbruzzese A, Caputi M, Maselli R, Costanzo 
FS, Marsico SA. Mitogen-activated protein kinases and 
asthma. J Cell Physiol. 2005 Mar;202(3):642-53.

Rosenberg HF, Phipps S, Foster PS. Eosinophil trafficking 
in allergy and asthma. J Allergy Clin Immunol. 2007 Jun; 
119(6):1303-10; quiz 1311-2.

Saleem S. Targeting MAPK signaling: A promising approach 
for treating inflammatory lung disease. Pathol Res Pract. 
2024 Feb;254:155122.

Shin IS, Lee MY, Lim HS, Ha H, Seo CS, Kim JC, Shin HK. 
An extract of Crataegus pinnatifida fruit attenuates air-
way inflammation by modulation of matrix metallopro-
teinase-9 in ovalbumin induced asthma. PLoS One. 2012; 
7(9):e45734.

Shin IS, Park JW, Shin NR, Jeon CM, Kwon OK, Lee MY, 
Kim HS, Kim JC, Oh SR, Ahn KS. Melatonin inhibits 
MUC5AC production via suppression of MAPK signaling 
in human airway epithelial cells. J Pineal Res. 2014 May; 
56(4):398-407.

Shin NR, Ryu HW, Ko JW, Park SH, Yuk HJ, Kim HJ, Kim 
JC, Jeong SH, Shin IS. Artemisia argyi attenuates airway 
inflammation in ovalbumin-induced asthmatic animals. 
J Ethnopharmacol. 2017 Sep 14;209:108-15.

Wang J, Liu Y, Guo Y, Liu C, Yang Y, Fan X, Yang H, Liu Y, 
Ma T. Function and inhibition of P38 MAP kinase signal-
ing: Targeting multiple inflammation diseases. Biochem 
Pharmacol. 2024 Feb;220:115973.

Wang Y, Liu L. Immunological factors, important players 
in  the development of  asthma. BMC Immunol. 2024 
Jul 26;25(1):50.

Xu W, Li F, Zhu L, Cheng M, Cheng Y. Pacenta polypeptide 
injection alleviates the fibrosis and inflammation in cig-
arette smoke extracts-induced BEAS-2B cells by modu-
lating MMP-9/TIMP-1 signaling. J Biochem Mol Toxicol. 
2023 Nov;37(11):e23453.

Yang CC, Hung YL, Ko WC, Tsai YJ, Chang JF, Liang CW, 
Chang DC, Hung CF. Effect of neferine on DNCB-in-
duced atopic dermatitis in HaCaT cells and BALB/c mice. 
Int J Mol Sci. 2021 Jul 30;22(15):8237.

Yang J, Zhang M, Luo Y, Xu F, Gao F, Sun Y, Yang B, Kuang H. 
Protopine ameliorates OVA-induced asthma through 
modulating TLR4/MyD88/NF-κB pathway and NLRP3 
inflammasome-mediated pyroptosis. Phytomedicine. 
2024 Apr;126:155410

Yangzom P, Amruthanand S, Sharma M, Mahajan S, Lin-
garaju MC, Parida S, Sahoo M, Kumar D, Singh TU. 
Subacute 28 days oral toxicity study of kaempferol and 
biochanin-A in the mouse model. J Biochem Mol Toxicol. 
2022 Aug;36(8):e23090.

Ying S, Humbert M, Barkans J, Corrigan CJ, Pfister R, Menz G, 
Larche M, Robinson DS, Durham SR, Kay AB. Expression 
of IL-4 and IL-5 mRNA and protein product by CD4+ and 
CD8+ T cells, eosinophils, and mast cells in bronchial bi-
opsies obtained from atopic and nonatopic (intrinsic) asth-
matics. J Immunol. 1997 Apr 1;158(7):3539-44.

Yu D, Wang F, Ye S, Yang S, Yu N, Zhou X, Zhang N. Quer-
citrin protects human bronchial epithelial cells from 
oxidative damage. Open Med (Wars). 2022 Feb 22;17(1): 
375-83.

Zhou W, Nie X. Afzelin attenuates asthma phenotypes 
by downregulation of GATA3 in a murine model of asthma. 
Mol Med Rep. 2015 Jul;12(1):71-6.

Zou F, Zhang J, Xiang G, Jiao H, Gao H. Association of ma-
trix metalloproteinase 9 (MMP-9) polymorphisms with 
asthma risk: A meta-analysis. Can Respir J. 2019 Feb 25; 
2019:9260495.

Received: October 1, 2025
Accepted: January 22, 2026

Published online: May 27, 2026

https://www.agriculturejournals.cz/web/vetmed/

