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Abstract

Background: Although Lonicera japonica extract (LJE) has been widely used in traditional medicine for treating condi-
tions such as heat-clearing, detoxification, and anti-bacterial purposes, its specific effects on allergic rhinitis (AR) remain
underexplored.

Obijectives: This study aimed to elucidate how LJE influences nerve growth factor (NGF) levels and associated inflammatory
pathways in AR modeling of mice.

Materials and Methods: Chlorogenic acid, a key component of LJE, was isolated and optimized using orthogonal experi-
ments and chromatographic techniques. An AR mouse modeling was established and divided into three groups: control
group (no treatment), modeling group (LJE intervention), and modeling control group (model control group, saline interven-
tion). Post-intervention, AR symptoms were evaluated, and serum and nasal mucosa tissues were analyzed. Western blotting
was used to measure levels of PI3K, AKT, and NF-«kB pé5 proteins. At the same time, enzyme-linked immunosorbent assays
(ELISA) quantified NGF, tumor necrosis factor (TNF)-a, interferon (IFN)-y, interleukin (IL)-4, and IL-10 in serum and nasal
mucosal tissue.

Results: Chlorogenic acid was successfully extracted with optimal conditions being 70% ethanol, pH 5, a solvent-to-material
ratio of 10:1, and an extraction time of 1.5 h. The AR symptoms in the modeling group and model control group were
significantly more severe compared to the control group (p < .05). Treatment with LJE notably reduced symptom severity
in the modeling group relative to the model control group (p < .05). Additionally, the levels of PI3K, AKT, and NF-«kB p65
in nasal mucosal tissue of the modeling group were comparable to those in the control group and lower than in the model
control group (p <.05). NGF, TNF-q, and IFN-y levels in the modeling group and control group were significantly lower than
those in the model control group (p < .05), while IL-4 and IL-10 levels were higher in the modeling group and control group
compared to the model control group (p < .05).

Conclusion: LJE effectively reduced NGF expression and alleviated AR symptoms in a mouse model, potentially through
regulation of PI3K/Akt and NF-kB signaling pathways. This highlights LJE’s therapeutic potential for managing AR-related
inflammation.
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the inflammatory response, leading to increased nasal muco-
sal sensitivity and triggering a range of typical AR symptoms,
such as itching, sneezing, rhinorrhea, and nasal congestion
(Mengi et al., 2022). Currently, various treatment options are
available for AR, however, limitations in efficacy and the
presence of adverse effects persist. Therefore, identifying
safe and effective treatment methods and drug targets is of
paramount importance (Tu et al., 2020; Velasco et al., 2022).

Lonicera japonica Thunb. (honeysuckle), a traditional
Chinese medicinal herb has a long history of use in the medical
field. Modern scientific research indicated that honeysuckle
contains various bioactive compounds, such as chlorogenic
acid and luteolin, which endow it with notable anti-inflamma-
tory, antioxidant, and immune-modulatory properties (Du et
al., 2021; Liu et al., 2023; Wang et al., 2022). In the treatment
of inflammation-related diseases, honeysuckle has demon-
strated promising efficacy (Mengi et al., 2022). Its anti-inflam-
matory mechanisms primarily involve the inhibition of
inflammatory cell activation and aggregation, as well as the
reduction of pro-inflammatory mediators such as tumor necro-
sis factor (TNF)-a and IL-6. Research showed that the aqueous
extract of honeysuckle leaves suppresses the formation of
inducible nitric oxide synthase (iNOS), nitric oxide (NO), and
pro-inflammatory cytokines, including IL-1p and TNF-q, in
lipopolysaccharide (LPS)-activated BV2 cells (Kweon et al.,
2024). In a study, honeysuckle significantly reduced IL-6 and
TNF-a levels in patients with colitis (Zang et al., 2024).
Additionally, research indicated that chlorogenic acid and hon-
eysuckle can synergistically inhibit the production of IL-1 and
IL-6 (Wang et al., 2022). Honeysuckle also demonstrates a
stronger inhibitory effect on the expression of inflammatory
factors such as IL-6, TNF-o, and IL-1p (Liu et al., 2024).
Furthermore, honeysuckle has been found to inhibit cytokine
storm syndrome induced by IL-6 (Liang et al., 2021). Gotba et
al. (2020) reported that honeysuckle berries exhibit anti-cancer,
anti-inflammatory, and antioxidant activities. Additionally,
honeysuckle can regulate the function of immune cells and cor-
rect immune imbalances, thereby alleviating inflammatory
responses. Numerous studies have demonstrated that L. japon-
ica extract (LJE) or compound formulations containing honey-
suckle have shown positive effects in the treatment of various
inflammatory diseases, such as respiratory and skin inflamma-
tion. LJE has been widely used in traditional medicine for
clearing heat, detoxifying, and exhibiting anti-inflammatory
and anti-bacterial properties. Recent research has gradually
uncovered its potential roles in neuroprotection and immune
modulation. Specifically, in allergic diseases, LJE has shown

Table I. Parameters for Orthogonal Experiment.

promising therapeutic effects by regulating immune responses
and the expression of inflammatory mediators (Zheng et al.,
2024). The chemical characterization of honeysuckle polyphe-
nols and their protective effects against ultraviolet B (UVB)-
induced damage in HaCaT cells, through the modulation of the
Nrf2/NF-kB signaling pathway has been highlighted (Guo et
al., 2023). Pickarska et al. (2023) indicated that honeysuckle
demonstrates significant antioxidant, cardioprotective, anti-
inflammatory, neuroprotective, anti-cancer, and anti-diabetic
functions. Golubev et al. (2022) suggested that honeysuckle
berry extracts containing lignan ether-terpenoids and anthocya-
nins help alleviate symptoms during the intestinal phase of try-
panosome infection. Additionally, LJEs have been shown to
extend the lifespan and improve the healthspan of fruit fly
models through their biological and antioxidant activities.
These studies provide compelling evidence supporting the
therapeutic application of LJE in the treatment of inflamma-
tion-related diseases.

Given the anti-inflammatory properties of honeysuckle
and the inflammatory nature of AR, along with the critical
role of NGF in its pathogenesis, we hypothesize that LJE may
intervene in the development of AR by modulating NGF
expression. This study aims to investigate the regulatory
effect of LJE on NGF expression in a mouse model of AR and
further elucidate its potential mechanisms of action, thereby
providing new therapeutic options and a theoretical basis for
the treatment of AR.

Materials and Methods
Extraction of Chlorogenic Acid from L. japonica

Experimental Design

The ethanol reflux method was employed to extract chloro-
genic acid from L. japonica. An orthogonal experiment was
conducted to evaluate the influence of various parameters on
extraction efficiency. These parameters included ethanol con-
centration, extraction time, solvent-to-material ratio, and pH.
The experimental conditions and results are detailed in
Table 1.

Single-factor Analysis

Following the orthogonal experiment, a single-factor analysis
was performed to identify the primary and secondary factors
that most significantly affect the yield of chlorogenic acid.

Level Ethanol Concentration (%) Extraction Time (h) Solvent-to-material Ratio pH
I 20 0.5 8 I
2 40 | 12 3
3 70 1.5 14 5
4 90 2 16 7
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The single-factor analysis focused on optimizing these key
factors based on the best results obtained from the orthogonal
experiment.

Extraction Procedure

L. japonica (A Guo Yao Yuan Trading Co., Ltd., China) was
first ground using a herbal medicine crusher (Jingju Powder
Technology, Jiangsu, China) and sieved through a 20-mesh
filter. The ground material was then measured and placed into
a designated extraction vessel. Ethanol was added to the ves-
sel as the solvent, and the mixture was thoroughly shaken to
ensure complete immersion of the plant material. The pH of
the mixture was measured and adjusted as needed. The plant
material was soaked for 8 h.

After soaking, the pH was further adjusted using dilute
solutions of sulfuric acid (H,SO,) and sodium carbonate
(Na,COs;). The mixture was then transferred to a conical flask
and placed in a water bath connected to a condenser. The
extraction was carried out with two rounds of heating.
Following extraction, the solution was centrifuged at 2,000
rpm for 25 min to separate the liquid from the residue. The
supernatant containing the extracted chlorogenic acid was
collected, and the remaining residue was discarded.

Chlorogenic Acid Determination in the LJE

To determine the content of chlorogenic acid in the LJE, sev-
eral steps were followed. First, a control solution was pre-
pared by accurately weighing 10 mg of chlorogenic acid
reference standard (Chengdu GlycoBio Technology Co., Ltd.,
China) and dissolving it in 50 mL of 50% methanol solution.
From this solution, aliquots of 1, 3, 5, 7, and 9 mL were trans-
ferred to 25 mL volumetric flasks, which were then filled to
the mark with 50% methanol and shaken thoroughly to pre-
pare various standard solutions for analysis.

For the sample preparation, the extract was concentrated
using a rotary evaporator until the relative density reached
between 1.15 and 1.20. A 0.5 g portion of the concentrated
LJE sample was dissolved in 50% methanol and transferred
to a 25 mL volumetric flask. The solution was shaken well
and then filtered through a 0.45 pm microporous membrane
to remove any particulate matter.

High-performance liquid chromatography (HPLC) was
then employed to analyze the prepared sample. The analysis
was conducted using an Agilent Technologies HPLC system
with a Phenomenex C,4 chromatographic column (150 x 4.6
mm, 5 pm). The mobile phase consisted of a mixture of ace-
tonitrile and 0.4% phosphoric acid solution in a ratio of 13:87.
The detection was performed at a wavelength of 327 nm, with
a flow rate of 1.0 mL/min, and a column temperature set at
30°C. A 20 pL aliquot of the sample was injected into the
chromatograph. Data collection continued until the peak elu-
tion was complete, at which point the chromatographic peak
area and mass spectrometric analysis results were reviewed.

Each sample was analyzed in duplicate, and the difference
between the peak areas of the two injections was required to
be less than 1% to ensure accuracy; otherwise, the sample
was re-injected.

The optimal extraction process identified in the previous
experiments was validated by repeating it three times. The
results from these repeated extractions were compared to
assess the stability and reproducibility of the extraction
method. This verification step ensured that the extraction pro-
cess was consistent and reliable for determining chlorogenic
acid content in the extract.

Modeling Establishment

In this study, 15 adult male C57BL/6 mice (21-23 days old
with a body weight of 22 + 0.4 g; Nanjing Pengsheng
Biotechnology Development Co., Ltd., China) were selected.
The mice were housed under standard laboratory conditions.
Ten mice were randomly assigned to the experimental group,
for the induction of AR. The remaining five mice were
assigned to the control group and received saline instead of
the AR-inducing treatment. All animal experiments were
approved by the Animal Ethics Committee of Renmin
Hospital of Wuhan University, in compliance with Chinese
national guidelines for the care and use of animals.

Sensitization Protocol

Experimental group: Each mouse received an intraperitoneal
injection of 20 ug of ovalbumin (Sigma—Aldrich Corporation,
USA) and 32 mg of aluminum hydroxide (Al(OH),) dis-
solved in 200 uL of phosphate buffered solution (PBS, Wuhan
PunoSai Life Technology Co., Ltd., China). This sensitization
mixture was administered at a dose of 0.2 mL per mouse,
once daily, for a total of seven consecutive days.

Control Group

Mice in this group were injected with 0.2 mL of a sensitiza-
tion solution containing only Al(OH), prepared in advance
and administered intraperitoneally once daily for 7 days. The
sensitization solution was prepared 3 days before administra-
tion and allowed to mix thoroughly overnight.

Beginning on the 15th day after completing the initial
sensitization, the mice in both groups were subjected to
intranasal stimulation with a 2 mg/mL solution of ovalbu-
min in PBS. Each nostril of the mice was treated with 10
pL of this ovalbumin solution once daily for a duration of
1 week.

Grouping and Intervention

The mice in the experimental group were further divided into
two subgroups to evaluate the effects of different treatments.
The two subgroups were as follows.
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Modeling Group

Mice in this subgroup received oral administration of LJE
solution with a concentration of 0.06 g/mL. Each mouse was
given a daily dose of 0.5 mL of the LJE solution for a period
of 10 days.

Model Control Group

Mice in this subgroup were administered an equivalent vol-
ume of saline solution orally, following the same schedule as
the modeling group.

The study involved a systematic approach to modeling
establishment, sensitization, and intervention, allowing for a
comprehensive evaluation of the effects of LJE on AR in
mouse modeling.

Separation of Nasal Mucosa Tissue

Upon completion of the treatment regimen, the mice were
administered a final intranasal ovalbumin challenge to
induce AR symptoms. Mice were first anesthetized using
5% isoflurane, with an induction dose ranging from 2% to
3% (v/v) and an oxygen flow rate of 1-2 L/min. The mice
were exposed to isoflurane for 1-2 min to achieve anesthe-
sia, after which they were carefully positioned in a prone
posture. To facilitate blood collection, the tail was immersed
in warm water and then dried with a cotton ball. A dispos-
able venous blood collection needle was inserted into the
tail vein to draw blood. The blood was immediately trans-
ferred to a 1.5 mL Eppendorf tube and allowed to stand
at room temperature for 1 h to promote coagulation.
Subsequently, the samples were centrifuged at 12,000 rpm
for 15 min at 4°C using a centrifuge (Thermo Fisher
Scientific, USA). The serum was then carefully pipetted
from the tube, and if the separation was incomplete, a sec-
ond centrifugation was performed. The serum samples were
immediately transferred to a liquid nitrogen container and
subsequently stored at —80°C, ensuring they were not sub-
jected to repeated freeze—thaw cycles.

After serum collection, the procedure for obtaining tissue
specimens commenced. The mouse’s abdomen was opened
using scissors until the heart was exposed. A puncture needle
was inserted into the left ventricle, and the right atrium was
cut to allow for the drainage of blood. The heart was then
perfused with chilled 0.9% physiological saline until the liver
appeared pale, and the outflowing blood was clear, indicating
that the blood had been effectively washed out. Following
this, the fur from the mouse’s nose was carefully trimmed

Table 2. Scoring System for Allergic Rhinitis (AR) Symptoms.

with small scissors. The upper nasal bone was separated using
scissors to expose the nasal dorsum, which was then split
along the midline to reveal both nasal cavities and the nasal
septum as completely as possible. The nasal mucosa was
meticulously detached from the nasal septum, with all acces-
sible tissue collected and placed into 1.5 mL Eppendorf tubes.
These samples were immediately stored in a liquid nitrogen
container and later transferred to a —80°C ultra-low-tempera-
ture freezer to preserve the tissue for future analysis, avoiding
freeze—thaw cycles.

Assessment of AR Symptoms

During the final intranasal challenge, which marked the con-
clusion of the modeling phase, and within 30 min following
the treatment, the mice were closely monitored for an addi-
tional 30 min to evaluate their AR symptoms. Observations
focused on behaviors such as nasal scratching, nasal dis-
charge (including tearing), and sneezing. These behaviors
were scored based on the criteria outlined in Table 2.

Western Blotting

To investigate the involvement of PI3K/AKT and NF-«kB sig-
naling pathways in AR, Western blot analysis was used to
measure the levels of PI3K (p-PI3K and t-PI3K), AKT
(p-AKT and t-AKT), and NF-kB (p-NF-kB and t-NF-«B).
The primary antibodies used were as follows. For the detec-
tion of PI3K/AKT signaling pathway-related proteins, the
primary antibody against PI3K was derived from a rabbit
(catalog number 4257S; Cell Signaling Technology, USA)
and was diluted at a ratio of 1:1,000. The primary antibody
for AKT was also derived from rabbit (catalog number
ab8805; Abcam, UK) and was diluted at a ratio of 1:1,500.
For the NF-«xB signaling pathway, the primary antibody for
NF-kB p65 was of mouse origin (catalog number sc-372;
Santa Cruz Biotechnology, USA) and was diluted at a ratio of
1:800. For secondary antibodies, the corresponding second-
ary antibody for the aforementioned rabbit primary antibod-
ies was goat anti-rabbit IgG-HRP (catalog number
111-035-003; Jackson Immuno Research, USA), diluted at a
ratio of 1:5,000. The corresponding secondary antibody for
the mouse primary antibody was goat anti-mouse [gG-HRP
(catalog number 115-035-003; Jackson Immuno Research,
USA), also diluted at a ratio of 1:5,000. All antibodies were
validated for specificity and high performance, and their
usage followed the manufacturer’s recommendations. The
blots were incubated with the primary antibody overnight at

Symptom Score 0 Score | Score 2 Score 3

Nasal scratching None Rarely Frequently Constantly

Nasal discharge None Mild Regulate Severe

Sneezing None -3 times 4-6 times More than 6 times
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4°C, followed by a 1-h incubation at room temperature with
the secondary antibody.

Proteins were extracted from the nasal mucosa tissue of
the mice and quantified. These protein extracts were sepa-
rated using sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and transferred onto a poly-
acrylamide gel membrane (Millipore Corporation, USA).
Target proteins were detected through immunoblotting with
specific antibodies, followed by visualization using second-
ary antibodies conjugated with chemiluminescent or fluores-
cent markers. The resultant chemiluminescent or fluorescent
signals were captured with an imaging system (Biolog Life
Science Institute Co., Ltd., USA). The images were analyzed
with specialized software to quantify the protein bands and
assess their expression levels.

Assessment of NGF and Cytokines

To measure the levels of NGF, TNF-q, interferon (IFN)-y,
interleukin (IL)-4, and IL-10 in the serum, commercial enzyme-
linked immunosorbent assays (ELISA) kits (Beijing Zhongshan
Jingiao Biotechnology Co., Ltd., China) were employed fol-
lowing the manufacturer’s guidelines. Blank wells were used
as controls, containing no samples or enzyme-conjugated
reagents, while the test wells were prepared with 50 pL of
serum sample mixed with 100 pL of enzyme-conjugated
reagent. The plate was covered and incubated at 37°C for 60
min. Following incubation, the plate was washed five times
with a washing buffer. Chromogenic reagents A and B were
added sequentially, followed by gentle shaking and further
incubation at 37°C in the dark for 15 min to develop color. The
reaction was halted by adding 50 pL of stop solution, and the
optical density (OD) was measured at 450 nm.
Immunofluorescence (IFC) staining was used to visualize
the expressions of NGF, TNF-o, IFN-y, IL-4, and IL-10 in
nasal mucosal tissue samples. Tissue sections were first baked
in a 65°C oven for 2 h, then treated with xylene for 10 min,
followed by a second xylene treatment for another 10 min.
The sections were then sequentially immersed in 100%, 95%,
and 80% ethanol, followed by purified water, each for 5 min.
After antigen retrieval, sections were rinsed with PBS. To
permeabilize the tissue, 0.5% Triton X-100 solution was
applied at room temperature for 20 min. The sections were
then washed three times with PBS. To block non-specific
binding, 5% bovine serum albumin was added and incubated
at 37°C for 30 min. After returning the sections to room tem-
perature, they were washed with PBS three times, each for 3
min. Excess liquid was removed with absorbent paper.
Primary antibody (Abcam, USA), diluted 1:100, was added
and incubated overnight at 4°C in a humid chamber. After
incubation, the sections were brought back to room tempera-
ture, washed three times with PBS, and excess liquid was
removed. Fluorescent secondary antibody (Beijing Zhongshan
Jingiao Biotechnology Co., Ltd., China), diluted 1:200, was
applied and incubated at 37°C for 30 min in a humid chamber.

The sections were then stained with 4',6-diamidino-2-phenyl-
indole (DAPI, Jiangsu Ketai Biological Technology Co., Ltd.,
China) in the dark for 5 min to highlight the nuclei. Excess
DAPI was removed with PBS, followed by a quick rinse with
tap water. The sections were mounted with anti-fluorescence
quenching medium and examined under a microscope
(Olympus Corporation, Japan). IFC was used to detect the
expression of NGF, TNF-o, IFN-y, IL-4, and IL-10. Paraffin-
embedded tissue sections with a thickness of 5 pm were pre-
pared. The slides were deparaffinized, rehydrated, subjected
to antigen retrieval, and then stained for IFC.

Statistical Analysis

The statistical analysis of the collected data was conducted
using Statistical Package for the Social Sciences (SPSS) soft-
ware version 22.0 (IBM Corp., Armonk, NY, USA). The pri-
mary objective of the analysis was to determine the
significance of the differences observed between the control
group, modeling group, and model control group.

Descriptive Statistics

The data are presented as mean = standard deviation. The mean
provides an average value for each group, while the standard
deviation measures the dispersion or variability around this
mean. This approach allows for a clear understanding of the
central tendency and variability within each group.

Comparative Analysis

To compare the means among multiple groups, a one-way
analysis of variance (ANOVA) was performed. ANOVA is a
statistical test used to determine if there are any statistically
significant differences between the means of three or more
independent groups. In this study, ANOVA was employed to
assess the overall effect of the different treatments on the
measured outcomes, such as NGF levels, cytokine concentra-
tions, and AR symptom scores. ANOVA was used to assess
the significant effects of factors A, B, C, and D on the experi-
mental outcome (chlorogenic acid content). The sum of
squares, mean square, F-value, and degrees of freedom for
each factor were calculated. If the F-value exceeded the criti-
cal value (determined by the significance level o and degrees
of freedom), the factor was considered to have a significant
effect on the experimental outcome.

Post Hoc Testing

If ANOVA indicated significant differences among groups,
post hoc pairwise comparisons were carried out to identify
which specific groups differed from each other. The least sig-
nificant difference test was utilized for these comparisons.
The least significant difference test is a type of post hoc test
that helps to determine which pairs of groups have significant
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differences, while controlling the type I error rate. It is con-
sidered a straightforward and relatively liberal test for pair-
wise comparisons when the overall ANOVA is significant.
The F-value is a statistic calculated using ANOVA, which is
used to determine whether the effects of various factors on
the experimental results are significant. The calculation equa-
tion is as follows:

MS

factor

MS,

error

F=

Data Interpretation

The results from these statistical tests were interpreted to
draw conclusions about the efficacy of the treatments and the
biological implications of the findings. Statistically signifi-
cant results were used to determine the impact of the inter-
ventions on AR symptoms and molecular markers, guiding
further analysis and potential therapeutic implications.

Significance Level

The threshold for statistical significance was set at a p value
of less than .05. This means that any p value below .05 was
considered evidence of a statistically significant difference
between groups. The p value represents the probability that
the observed differences occurred by chance. A p value lower
than .05 indicates that the likelihood of the differences being
due to random variation alone is less than 5%, thereby sup-
porting the rejection of the null hypothesis that assumes no
effect or difference.

Results
HPLC Analysis

HPLC analysis provided crucial insights into the successful
extraction of chlorogenic acid from LJE. The chromato-
graphic profiles obtained for LJE were compared against the
standard chlorogenic acid chromatogram, and the results
demonstrated a significant overlap. The retention time of
chlorogenic acid in the LJE chromatogram was observed to
be approximately 15 min, aligning well with the standard.
This clear correlation confirms that chlorogenic acid was
effectively extracted from the LJE, validating the extraction
process and ensuring the presence of the target compound.
Figure 1 illustrates this alignment, showcasing the HPLC
chromatograms for both the LJE and the chlorogenic acid ref-
erence standard.

Orthogonal Experiment Results

The orthogonal experiment aimed to identify the most influ-
ential factors affecting the yield of chlorogenic acid extrac-
tion. The results, detailed in Table 3, revealed that ethanol
concentration was the most critical factor impacting the
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Figure |. High-performance Liquid Chromatography (HPLC)
Chromatograms Comparing Lonicera japonica Extract (LJE) with
Chlorogenic Acid Standard, Highlighting the Successful Extraction
of Chlorogenic Acid.

extraction efficiency. This was followed by the pH level, with
extraction time and solvent-to-material ratio showing com-
paratively smaller effects. The variance analysis, as presented
in Table 4, confirmed that ethanol concentration had the high-
est impact on the extraction rate, with a significant F-value of
4.725 and a p value of .31. This finding underscores the domi-
nance of ethanol concentration in determining the extraction
yield, while the other factors did not demonstrate significant
statistical effects.

A larger R-value indicates a more significant effect of the
factor on the result, while a smaller R-value suggests a lesser
impact of the factor on the result.

Single-factor Analysis Results

Building on the orthogonal experiment, single-factor analysis
was employed to refine the extraction conditions. The single-
factor analysis results, depicted in Figure 2, demonstrated
that increasing the ethanol concentration led to higher chloro-
genic acid yields, peaking at a concentration of 70%. Beyond
this concentration, the yield slightly decreased, suggesting a
saturation point. Similarly, the pH level also influenced the
extraction yield, with the highest efficiency observed at pH 5.
Both ethanol concentration and pH were identified as the pri-
mary factors affecting the extraction process. Based on these
findings, the optimal extraction conditions were determined
to be a 70% ethanol solution with a pH of 5. For practical
purposes, a solvent-to-material ratio of 10 times and an
extraction time of 1.5 h were selected to maximize efficiency
while maintaining simplicity.

AR Symptom Scores

The evaluation of AR symptoms in mice provided valuable
insights into the effectiveness of the treatments. The AR
symptom scores of the three treatment groups after 2 weeks
were statistically analyzed, and the results comparing pre-
treatment and post-treatment are shown in Figure 3. Mice in
the control group, which received no intervention, exhibited
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Table 3. Summary of the Orthogonal Experiment Showing the Effects of Ethanol Concentration, Extraction Time, Solvent-to-material

Ratio, and pH on Chlorogenic Acid Yield.

Ethanol Concentration Extraction Time

Solvent-to-material Ratio Chlorogenic

Sequence (%,A) (h,B) (Times, C) pH (D) Acid (mg g7')
I | I I I 9.114
2 | 2 2 2 13.498
3 | 3 3 3 11.001
4 | 4 4 4 9.02
5 2 2 I 3 12.947
6 2 I 2 4 13518
7 2 4 3 I 11.294
8 2 3 4 2 17.157
9 3 3 | 4 13.205
10 3 4 2 3 15.022
I 3 | 3 2 12.884
12 3 2 4 | 11.587
13 4 4 | 2 14.044
14 4 3 2 | 13.653
15 4 2 3 4 15.977
16 4 | 4 3 14.284
Kl 9.947 12.585 12.389 11.307

K2 14.082 13.739 13.704 15.133

K3 13.496 13.926 13.081 12.982

K4 14.593 11.909 13.396 12.593

R 4.034 0.994 0.115 3.527

Note: K1, K2, K3, and K4 represent the mean effects of different levels of each factor (ethanol concentration, extraction time, solvent volume, pH) on the
experimental outcome (i.e., chlorogenic acid content). R represents the range, calculated as R = max (K1, K2, K3, K4) — min (KI, K2, K3, K4). It reflects

the significance of the impact of different levels on the experimental outcome.

Table 4. Variance Analysis Results lllustrate the Impact of Different Factors on Chlorogenic Acid Extraction Efficiency.

Factor Sum of Squares Degree of Freedom Mean Square Error F P
A 53.024 3 11.937 4.725 3l
B 17.329 3 0.181 0.04
C 6.903 3 4.736 0.925
D 30.082 3 9.486 3.971

Note: A: ethanol concentration; B: extraction time; C: solvent-to-material ratio; D: pH value. A larger F-value indicates a more significant effect of the

corresponding factor on the experimental results.
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Figure 2. Single-factor Analysis Results Showing the Effect of
Ethanol Concentration and pH on Chlorogenic Acid Extraction
Efficiency.
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stable symptom scores before and after the treatment period,
indicating no significant changes (p > .05). In contrast, the
modeling group and model control group, which underwent
different treatment regimens, showed markedly higher symp-
tom scores before treatment, recorded as 8.11 +£0.51 and 8.08 +
0.48, respectively. These scores were significantly elevated
compared to the control group (p < .05), highlighting the
presence of AR symptoms. After administering the treatment,
the symptom scores in the modeling group showed a signifi-
cant reduction and approached levels similar to those of the
control group (p < .05). This indicates that the treatment
effectively alleviated AR symptoms. Conversely, the model
control group, which received saline instead of LJE,
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Figure 3. Graphical Representation of Allergic Rhinitis (AR)
Symptom Scores Before and After Treatment, Showing
Differences Among the Control Group, Modeling Group, and
Model Control Group.

Note: *Compared with pre-treatment values, p < .05; #compared with
control group, p <.05; and compared with modeling group, p < .05.

continued to exhibit higher symptom scores compared to the
modeling group (p < .05), as illustrated in Figure 3.

Detection Results of PI3K/AKT Signaling Pathway-
related Proteins

The assessment of PI3K and AKT proteins in nasal mucosal
tissues revealed specific trends across the three groups: con-
trol group, modeling group, and model control group. In the
modeling group, both PI3K and AKT levels were slightly
elevated compared to the control group, although this increase
was not statistically significant (p > .05). This suggests that
while there is a noticeable trend toward higher protein levels,
the difference is not substantial enough to be considered sig-
nificant in the context of the study.

In contrast, the model control group demonstrated a pro-
nounced upregulation of PI3K and AKT, with the highest
observed levels among all the groups. This significant eleva-
tion was statistically significant (p < .05), indicating a robust
activation of these signaling pathways in the model control
group. Such findings suggest that the intervention in the model
control group strongly influences the PI3K/AKT signaling
pathway, which is crucial for various cellular processes. Figure
4 visually represents these findings, with Panels A and B show-
ing the quantitative analysis of the protein levels, and Panel C
presenting the Western blot analysis results for a clear depic-
tion of the protein expression patterns.

Figure 4 provides a graphical representation of the PI3K
and AKT protein levels across different groups, namely, con-
trol group, modeling group, and model control group. Panels
A and B display the quantitative data, showing how the levels
of these proteins vary among the groups. Panel C illustrates
the Western blot analysis results, highlighting the differences
in protein expression.

Detection Results of NF-kB Signaling Pathway-
related Proteins

The assessment of NF-kB p65 protein levels in the nasal
mucosa tissue revealed that the modeling group exhibited a
marginal increase in NF-kB p65 compared to the control
group, but this difference was not statistically significant
(p > .05). This indicates that the treatment had a minor effect
on NF-kB p65 expression in the modeling group. However,
the model control group showed a significant increase in
NF-kB p65 levels, which were notably higher compared to
both the control group and modeling group (p < .05). This
substantial elevation suggests a pronounced activation of
NF-xB signaling in the model control group, which is a criti-
cal pathway involved in inflammatory responses. Figure 5
illustrates these results, with Panel A showing the quantitative
analysis of NF-kB p65 levels and Panel B providing the
Western blot analysis results that visualize the differences in
protein expression. Figure 5 exhibits the changes in NF-kB
p65 protein levels across the control group, modeling group,
and model control group. Panel A shows the quantitative data,
indicating variations in NF-«B p65 levels. Panel B presents
the Western blot analysis, offering a visual representation of
the protein expression.

Detection Results of NGF

The evaluation of NGF levels showed that the modeling
group had slightly higher NGF levels compared to the control
group, but this difference was not statistically significant (p >
.05). This suggests that while there is a trend toward increased
NGF expression, it is not substantial enough to be deemed
significant. In the model control group, however, NGF levels
were significantly elevated compared to both the control
group and modeling group (p < .05). This indicates a strong
upregulation of NGF in response to the treatment. IFC stain-
ing further confirmed these findings, revealing a marked
increase in NGF-positive spots in the nasal mucosa tissue of
the model control group. Figure 6 details these results, with
Panel A displaying serum NGF levels and Panel B showing
the IFC staining results for NGF in nasal mucosa tissue.
Figure 6 shows the NGF levels across the control group,
modeling group, and model control group. Panel A presents
the NGF concentrations in serum, while Panel B illustrates
the IFC staining results of NGF in nasal mucosa tissue (X100
magnification). Statistical significance is indicated with # for
comparisons to the control group (p < .05) and for compari-
sons to the modeling group (p < .05).

Detection Results of Pro-inflammatory Factors

The analysis of pro-inflammatory factors, including TNF-a
and IFN-y, revealed that the modeling group had higher lev-
els of these cytokines compared to the control group, though
the difference was not statistically significant (p > .05). This
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Figure 4. Expression Levels of PI3K/AKT Signaling Pathway Proteins. (A) Quantitative Assessment of PI3K Levels Across Control
Group, Modeling Group, and Model Control Group; (B) Quantitative Assessment of AKT Levels Across Control Group, Modeling
Group, and Model Control Group; and (C) Western Blot Analysis Displaying Protein Bands for PI3K and AKT.

Note: #Compared with control group, p <.05; and compared with modeling group, p < .05.

suggests a trend toward increased pro-inflammatory activity
in the modeling group, but it does not reach statistical signifi-
cance. In contrast, the model control group exhibited the
highest levels of TNF-o and IFN-y among all groups, with
statistically significant differences (p <.05) compared to both
the control group and the modeling group. This significant
elevation indicates a robust inflammatory response in the
model control group. IFC staining also revealed a greater
number of positive spots for TNF-a and IFN-y in the nasal
mucosa tissue of the model control group, further corroborat-
ing the increased inflammatory activity. Figure 7 provides a
comprehensive view of these results, with Panels A and B
showing serum levels of TNF-a and IFN-y, and Panels C and
D displaying the IFC staining results. Figure 7 depicts the
levels of pro-inflammatory factors across the control group,
modeling group, and model control group. Panels A and B
illustrate serum concentrations of TNF-o and IFN-y, while
Panels C and D present the IFC staining results for these fac-
tors in nasal mucosa tissue. Statistical comparisons are
marked with # for differences compared to the control group
(p <.05) and for differences compared to the modeling group

(p < .05).

Detection Results of Anti-inflammatory Factors

The results for anti-inflammatory factors IL-4 and IL-10
showed that levels in the modeling group were somewhat
lower compared to the control group, but this difference was
not statistically significant (p > .05). This suggests that while
there may be a trend toward lower anti-inflammatory activity
in the modeling group, it does not reach statistical signifi-
cance. In contrast, the model control group showed signifi-
cantly higher levels of IL-4 and IL-10 compared to the other
groups (p < .05). This indicates a notable anti-inflammatory
response in the model control group. IFC staining revealed
fewer positive spots for IL-4 and IL-10 in the nasal mucosa
tissue of the model control group, suggesting a more complex
pattern of anti-inflammatory activity. Figure 8 details these
findings, with Panels A and B showing serum levels of IL-4
and IL-10, and Panels C and D presenting the IFC staining
results. Figure 8 provides an overview of anti-inflammatory
factor levels across the control group, modeling group, and
model control group. Panels A and B show serum concentra-
tions of IL-4 and IL-10, while Panels C and D illustrate the
IFC staining results for these factors in nasal mucosa tissue.
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Discussion

The findings from this study provide valuable insights into
optimizing the extraction process of chlorogenic acid from
LJE and its therapeutic potential in treating AR. This discus-
sion will delve into the implications of the optimal extraction
conditions identified, the efficacy of LJE in AR treatment,
and the role of specific signaling pathways and inflammatory
factors.

Optimal Extraction Conditions for Chlorogenic
Acid

The research determined that the most effective conditions
for extracting chlorogenic acid from L. japonica using etha-
nol reflux were a 70% ethanol concentration, a pH of 5, a
solvent-to-material ratio of 10 times the amount of herbal
material, and an extraction time of 1.5 h. These conditions

were derived from evaluating various factors affecting the
extraction process. The choice of 70% ethanol aligns with
previous studies that highlight its effectiveness in dissolving
a wide range of phytochemicals, including chlorogenic acid,
while minimizing the co-extraction of unwanted compounds.
The pH of 5 was found to be optimal, as it maintains the sta-
bility of chlorogenic acid and maximizes its solubility in the
ethanol-water mixture.

Despite the promising results, the study focused solely
on ethanol reflux extraction. Future research could broaden
the scope by comparing ethanol reflux with alternative
methods such as ultrasound-assisted extraction or water
extraction (Pimpley et al., 2020; Saleh et al., 2016). These
methods might offer different efficiencies or benefits.
Additionally, factors like extraction temperature and the
liquid-to-material ratio could also influence the yield of
chlorogenic acid (Frosi et al., 2021; Yu et al., 2019).
Exploring these variables could refine the extraction
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process further, enhancing the efficiency and yield of chlo-
rogenic acid from L. japonica.

Efficacy of LJE in Treating AR

The evaluation of AR symptoms in mice serves as a critical
measure of the therapeutic efficacy of LJE. Before treatment,
both the modeling group and model control group showed
elevated symptom scores, indicating successful modeling
establishment for AR. This aligns with established research
demonstrating similar symptom scores in the AR model
(Chen et al., 2022; Cheng et al., 2020). After treatment, the
modeling group exhibited a significant reduction in symptom
scores, approaching those of the control group, indicating that
LJE effectively alleviated nasal inflammation and other AR
symptoms. The model control group, however, continued to
show higher scores, suggesting that while LJE has therapeutic
potential, its efficacy might vary under different conditions or
dosages. The reduction in symptom scores observed in
the modeling group highlights LJE’s anti-inflammatory

group (p <.05).

properties. This finding is consistent with the role of anti-
inflammatory agents in managing AR, which often involves
reducing nasal inflammation and associated symptoms. The
results underscore the potential of LJE as a valuable treatment
option for AR, providing a basis for further investigation into
its mechanisms and efficacy.

PI3K/AKT and NF-xB Signaling Pathways

The activation of the PI3K/AKT signaling pathway in the
model control group, as evidenced by elevated levels of PI3K
and AKT, suggests its involvement in the inflammatory
response of the AR modeling. This pathway plays a crucial
role in regulating cellular processes such as growth, survival,
and metabolism (Tewari et al., 2022). Previous studies have
linked the PI3K/AKT pathway to various inflammatory and
immune responses, including rhinitis (Wang et al., 2024;
Yuan et al., 2022; Zeng et al., 2020). The significant down-
regulation of PI3K and AKT in the modeling group, follow-
ing LJE treatment, indicates that LJE might exert its effects
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by inhibiting this pathway, thereby reducing inflammation
and improving AR symptoms.

Similarly, the NF-xB signaling pathway, particularly the
NF-xB p65 subunit, is known for its role in regulating immune
and inflammatory responses (Ren et al., 2020; Yu et al.,
2020). The pronounced increase in NF-«B p65 levels in the
model control group suggests activation of this pathway, cor-
relating with heightened inflammatory responses. The fact
that NF-«xB p65 levels in the modeling group were similar to
those in the control group, following LJE treatment, implies
that LJE may regulate the NF-kB pathway, mitigating its acti-
vation and consequently reducing inflammation. This obser-
vation supports the hypothesis that LJE’s therapeutic effects
might involve inhibition of the NF-kB pathway, contributing
to its anti-inflammatory properties (Piao et al., 2020, 2021;
Tian et al., 2023).

NGF Levels

NGEF is essential for the survival, growth, and differentiation
of nerve cells. Increased NGF levels have been associated

with inflammatory conditions, including AR (Klimek et al.,
2023; Sacchetti et al., 2019). The significantly higher NGF
levels in the model control group suggest an enhanced inflam-
matory response in the nasal mucosa. LJE treatment led to a
notable reduction in NGF levels in the modeling group, indi-
cating that LJE might alleviate inflammation by regulating
NGF expression. This finding aligns with the observed thera-
peutic effects of LJE, suggesting that NGF regulation could
be one of the mechanisms through which LJE exerts its anti-
inflammatory effects.

Pro-inflammatory Factors

The elevated levels of pro-inflammatory cytokines such as
TNF-o and IFN-y in the model control group further corrobo-
rate the increased inflammatory response in AR (Oh et al.,
2022). These cytokines are known to activate immune cells
and promote inflammation. The significant reduction of
TNF-a and IFN-y in the modeling group, following LJE treat-
ment, supports the idea that LJE possesses anti-inflammatory
properties by suppressing the production of these cytokines.
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This finding highlights the potential of LJE in managing
inflammation associated with AR.

Anti-inflammatory Factors

IL-4 and IL-10 are crucial in regulating and mitigating
inflammation. They help restore tissue balance and counter-
act inflammation-induced damage (Moulik et al., 2021).
The observed decrease in IL-4 and IL-10 levels in the model
control group could be attributed to the heightened inflam-
matory response. However, LJE treatment in the modeling
group potentially elevated IL-4 and IL-10 levels, suggesting
that LJE might not only suppress pro-inflammatory factors
but also enhance anti-inflammatory responses. This dual
effect could contribute to the overall anti-inflammatory
action of LJE in treating AR. This study successfully identi-
fied optimal conditions for extracting chlorogenic acid from
L. japonica using ethanol reflux and demonstrated the thera-
peutic potential of LJE in treating AR. The results suggest
that LJE may exert its anti-inflammatory effects through the
regulation of key signaling pathways such as PI3K/AKT
and NF-xB, as well as by influencing levels of NGF and
inflammatory cytokines. Further research exploring addi-
tional extraction methods and a broader range of influencing
factors could provide deeper insights into optimizing chlo-
rogenic acid extraction and enhancing the therapeutic effi-
cacy of LJE.

Pharmacological Effects of LJE

LJE contains a variety of bioactive compounds, including
chlorogenic acid, luteolin, quercetin, and other flavonoids, as
well as essential oils. These components endow LJE with
diverse pharmacological activities. From an anti-inflamma-
tory perspective, LJE is capable of inhibiting the release of
various inflammatory mediators. Chlorogenic acid can reduce
the production of pro-inflammatory cytokines, such as TNF-a
and IL-6, by suppressing the NF-kB signaling pathway,
thereby alleviating the inflammatory response. In this study,
LJE may act on the AR mouse model through similar anti-
inflammatory mechanisms to reduce the degree of nasal
mucosal inflammation. In terms of immune modulation, LJE
exerts a biphasic effect on the immune system. On one hand,
it enhances the body’s innate immune functions, such as pro-
moting macrophage phagocytosis and increasing non-specific
immune defense. On the other hand, it can regulate abnormal
immune responses. In AR, LJE may correct the Th2 cell-
dominant immune imbalance by modulating the Th1/Th2 cell
balance. Research showed that water-extracted honeysuckle
polysaccharides improve AR by repairing the intestinal bar-
rier and inhibiting NLRP3 inflammasome-driven inflamma-
tion and Th17 immune responses (Bai et al., 2022). Li et al.
(2022) reported that Laggera retrofracta herb (LRH)-type
flavonoids exhibit multifaceted protective effects on dextran
sulfate sodium (DSS)-induced colitis in mice by alleviating

colonic inflammation and oxidative stress, restoring epithe-
lial barrier function, and possibly improving the intestinal
microenvironment through the modulation of the PI3K/AKT
pathway. Han et al. (2016) indicated that LJE suppresses
TNF-a and IL-1B-induced inflammation in BV2 microglial
cells through the PI3K/Akt/NF-kB signaling pathway. Kwon
etal. (2012) found that LJE has potent neuroprotective effects
against Parkinson’s disease, which are at least partially medi-
ated through the activation of MAPK, PI3K/Akt, and NF-xB
pathways to inhibit neurotoxicity, apoptotic cascades, and
oxidative stress. Li et al. demonstrated that LJE alleviates
ovalbumin-induced AR by inhibiting AR-induced inflamma-
tion and autoimmunity. Furthermore, LJE exhibits antioxi-
dant activity. The flavonoids and phenolic acids it contains
are effective antioxidants that can scavenge excessive reac-
tive oxygen species and free radicals in the body, reducing
oxidative stress-induced cellular damage. In AR, oxidative
stress can lead to epithelial cell damage in the nasal mucosa,
increased infiltration of inflammatory cells, and exacerbation
of the condition. The antioxidant effects of LJE help mitigate
oxidative damage to the nasal mucosa, thereby maintaining
its normal physiological function.

This study found that LJE significantly reduced the
expression levels of NGF in both nasal mucosal tissues and
serum in an AR mouse model. Based on the pharmacologi-
cal properties of LJE, it is speculated that its regulatory
effects may be mediated through the following mechanisms.
Due to its anti-inflammatory and immunomodulatory
actions, LJE can alleviate inflammation in the nasal mucosa
and reduce the infiltration of inflammatory cells.
Inflammatory cells, such as eosinophils and mast cells, upon
activation, release various cytokines and mediators that
stimulate the synthesis and release of NGF. By inhibiting
the activation of inflammatory cells and the release of
inflammatory mediators, LJE reduces the stimulation of
NGF expression and lowers NGF levels. From a neuropro-
tective and repair perspective, the antioxidant properties of
LJE can mitigate oxidative stress-induced damage to nerve
fibers. In AR, oxidative stress may cause nerve fiber dam-
age, leading to neurogenic inflammation and increased NGF
expression. LJE, through its antioxidant effects, protects
nerve fibers, reduces neural injury, and indirectly inhibits
the overexpression of NGF.

Additionally, LJE may directly act on nasal mucosal cells,
modulating signaling pathways associated with NGF expres-
sion. Although the specific signaling pathways have not been
fully elucidated, previous studies have suggested that certain
components of LJE can influence the activity of intracellular
protein kinases and transcription factors, thereby regulating
gene expression. In this study, LJE may regulate the relevant
signaling pathways, suppressing the transcription and transla-
tion of the NGF gene, thereby reducing NGF synthesis and
release. One limitation of this study is the small sample size,
which warrants the need for larger-scale, multicenter clinical
studies in future research.
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Conclusion

In summary, LJE significantly reduced the expression of NGF
in an AR model and alleviated rhinitis symptoms. LJE is likely
to exert its anti-inflammatory effects through the modulation of
the PI3K/AKT and NF-«B signaling pathways. Future research
could further increase the sample size and conduct more in-
depth molecular mechanism studies to explore the relationship
between LJE and signaling pathways, as well as its impact on
other immunomodulatory factors.
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