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Purpose: The aim of the present study was to fabricate a Fructus Xanthii and Magnolia liliiflora volatile oils liposomes-loaded
thermosensitive in situ gel (gel/LIP/volatile oil) for effectively treating allergic rhinitis via intranasal administration.

Patients and Methods: Particle size, polymer dispersity index (PDI), entrapment effectiveness, and cumulative drug permeation of
the developed liposomes were assessed. Then, a thermoreversible in situ gel was created using the liposomes loaded with volatile oils
of Fructus Xanthii and Magnolia liliiflora. The effectiveness of this treatment for allergic rhinitis was confirmed by evaluating nasal
symptoms, and hematological results, after injecting the formulation into the ovalbumin (OVA)-sensitized mice, we conducted
hematoxylin-eosin staining (HE) and immunohistochemistry to evaluate the outcomes. The effects of the gel/LIP/volatile oil
formulation for nasal delivery of volatile oil in the treatment of rhinitis were then assessed.

Results: The average particle size was 95.1 + 3.6 nm, and the encapsulation efficiencies of Fructus Xanthii and Magnolia liliiflora
volatile oils were 70.42 + 5.41% and 67.10 + 6.08%, respectively. Drug loadings of Fructus Xanthii and Magnolia liliiflora volatile
oils were 9.10 + 0.98% and 16.10 + 1.03%, respectively. The binary formulation produced a gel rapidly in the nasal cavity with
a strong mucosal adherence at a temperature of delivering volatile oil to the nasal mucosa steadily and continuously. After nasal
administration, the gel/LIP/volatile oil sustained the volatile oil delivery into the mucosa. In comparison to the monolithic formula-
tions, the gel/LIP/volatile oil binary formulation exhibited superior performance in terms of drug delivery capability and pharmaco-
dynamic effects.

Conclusion: This binary preparation displayed the ability to deliver drugs to the nasal mucosa and exhibited positive pharmacody-
namic effects in treating OVA-induced rhinitis in mice. As a result, it has the potential to serve as a delivery platform for Traditional
Chinese medicine in the treatment of allergic rhinitis.
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Introduction

Allergic rhinitis (AR) is a highly prevalent chronic condition that impacts 400 million individuals globally and 100 million
people in Europe.'? Intranasal glucocorticoids, antihistamines, and disodium cromoglycate are all viable pharmaceutical
therapy choices. Antihistamine sedation, disodium cromoglycate nasal mucosal irritation, and candidiasis are a few of the
moderate side effects of these corticosteroid drugs. Traditional Chinese medicine (TCM) for treating AR has several clear
benefits. Recently, some studies have demonstrated effectiveness in managing the AR and immunological functions of the
body.> Some AR patients favor TCM treatments.® Fructus Xanthii powder is recorded in “Ji Sheng Fang” and is
composed of Fructus Xanthii, Magnolia liliiflora, Angelica dahurica, and mint. It was considered by Chinese doctors of
all dynasties to be the main prescription formulation for treating nasal diseases, and Fructus Xanthii was the “monarch’s
medicine”, while Magnolia liliiflora was the minister’s medicine in “Ji Sheng Fang”.” Fructus Xanthii is a dried and ripe
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fruit with the involucre of Xanthium sibiricum Patr., Magnolia liliiflora consists of volatile oils and sesquiterpene lactones.
It is included in the 20th edition of Chinese Pharmacopoeia, that volatile oils are the main pharmacodynamic components in
Fructus Xanthii and Magnolia liliiflora.>® Studies have confirmed that both TCMS have anti-inflammatory, anti-allergic,
and antihistamine effects. At the same time, their compatibility can reduce Fructus Xanthii toxicity and enhance its anti-
inflammatory effects, have the effect of rapidly relieving nasal congestion symptoms, and treat AR with multi-target and
multi-pathway regulation.'®!!

Nasal medication delivery methods have the potential to bypass the first-pass effect and prevent the gastrointestinal
tract’s elimination. In addition, based on the AR mechanism of action and the lesion position, the best method for treating
AR clinically is to use medication directly on the nasal mucosa to focus its distribution, ensure maximum effectiveness,
and reduce systemic pharmacological side effects. Based on the characteristics of a high absorption rate in nasal
administration, a specific drug’s therapeutic benefit may be achieved with a lower dose.'*'? Intranasal drug delivery
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offers all of the previously mentioned benefits, has a large absorptive surface area and high vascularity,
regarded as equivalent to the intravenous administration route.

The majority of nasal preparations that are presently commercially accessible are sprayed. Their therapeutic efficacy is
somewhat impacted by the nasal cilia’s scavenging function, which results in a brief drug residence duration (15-30 min) on
the human nasal mucosal surface.'” The creation of therapeutically effective and secure nasal preparations is an important
research area with significant clinical application potential. A mucoadhesive system may be used to slow down a rapid
mucociliary clearance and increase bioavailability. Drug residence is increased by these systems adhering to the mucus.
Moreover, they facilitate the interaction between the nasal mucosa and the medication, resulting in improved drug
absorption. As a result, the drug becomes more readily available in the body.'® Polymers in a fluid or semisolid state at
the administration site are used to create an in situ gel, which reacts to outside stimuli. Additionally, these gels include
conformations that can be changed in a unidirectional manner to create a semisolid or solid preparation.'® Various types of
in situ gel options are available, including chemical material-sensitive, thermo-sensitive, ion-activated, electric-sensitive,
magnetic field-sensitive, and ultrasonic-sensitive gels. The in situ gel that responds to temperature changes, also known as
a temperature-sensitive gel, in situ gel is a widely used and highly advanced type of gel in current research. When the
temperature changes from the normal room temperature to the temperature of the human body, a temperature-responsive
in situ gel that exists in a liquid or semi-solid state at room temperature solidifies into a gel, providing good adhesion and
gradual release effects.’™?' The gel offers the features of good biocompatibility, easy usage, simple production, excellent
tissue affinity for the mucosa, and a long period of time due to its three-dimensional hydrophilic network structure.

Poloxamer has good surface activity, is water soluble, and has a high level of safety. Additionally, poloxamer has the
ability to thermally reverse gel formation, which makes it a liquid at low temperatures and a gel at higher
temperatures.”> 2* In the present study, temperature-sensitive in situ gels containing poloxamer as their primary
constituent were employed. Nanoparticles show potential as medication delivery devices in colloidal systems because
of their higher stability and simplicity in production. Methods of combining nanoparticles with colloids are employed for
regulated and targeted drug delivery, as well as for increasing the bioavailability of hydrophobic medicines.”> >’

In order to avoid the low bioavailability of hydrophobic medicines during nasal administration, the current study
focused on developing a nanoparticle system for nasal delivery. As a result, a thermally activated mucoadhesive in situ
nasal gel was created. In this gel, the drug (in nano form) is evenly dispersed within a polymer-based thermosensitive gel.
This delivery method is anticipated to overcome the shortcomings of rapid mucociliary clearance and combine the
benefits of mucoadhesion with nasal delivery (Scheme 1). Because of its good water solubility, in addition to having low
levels of toxicity and irritation, it is also compatible with most of the recommended ingredients for the formulation,
poloxamer 407 was chosen as a thermosensitive gelling polymer.® Poloxamer 188 can be used together with poloxamer
407 to adjust the transition temperature of gel formation to obtain a suitable temperature-sensitive gel, which is
a representative excipient in this type of matrix.*’
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Scheme | The gel/LIP/volatile oil temperature-sensitive hydrogel steadily delivers volatile oil into the Nasal mucosa.

Materials and Methods

Materials

From China’s Shanghai Jizhi Biochemical Co., Ltd., we purchased soy lecithin (SPC). Additionally, we bought cholesterol from
the Chinese company Shanghai Aladdin Biochemical Co., Ltd. The volatile oil of Fructus Xanthii and volatile oil of Magnolia
liliiflora were purchased from Ji’an Huaxin Natural Plant Essential Oil Co. (Jiangxi, China); methyl linoleate reference substance
and camphor reference substance were provided by Chengdu Zhibiao Chemical Pure Biotechnology Co., Ltd. (Chengdu, China);
chromatographic-grade methanol was purchased from Beijing Decema Co., Ltd., China; We bought poloxamer 407 and
poloxamer 188 from BASF Co., Ltd. (German, Ludwigshafen); hydroxypropyl methylcellulose was obtained from Shanghai
Maclean Biochemical Co., Ltd., China; mitochondrial stripping, we purchased IL-4, IL-13, TNF-a, [FN-y, IgE, and histamine kits
from RD Systems Inc. The C57BL/6J mice were obtained from Liaoning Changsheng Experimental Animal Technology Co.,
Ltd. in Liaoning, China. The Laboratory Animal Management Committee at Heilongjiang University of Traditional Chinese
Medicine, the location of the study, gave its approval for animal trials (No. 2019112101). Number for an animal license (SYXK
(Liao) 2020-0001). Every animal experiment was conducted in Heilongjiang University of Chinese Medicine’s Laboratory
Animal Safety Evaluation Center’s SPF animal room. When doing research on animals, we adhere to the “3R” and “5F”
principles, which call for the use of reduction, refinement, and replacement techniques. Important guidelines for preserving the
well-being of experimental animals include freedom from thirst and hunger, freedom from discomfort, freedom from pain,
damage, and sickness, freedom from the manifestation of one’s true character, and freedom from fear and worry. Additionally, we
adhere to the International Council for Laboratory Animal Science (ICLAS) to ensure the welfare of laboratory animals.

Preparation of Fructus Xanthii and Magnolia liliiflora Volatile Oil Nanoliposomes

Thin-film hydration technique was used to prepare Fructus Xanthii and Magnolia liliiflora volatile oil nanoliposomes. A round-
bottom flask was used to dissolve the volatile oils of Fructus Xanthii and Magnolia liliiflora, SPC, and cholesterol (mass ratio,
1:2:6:1). After evaporating the organic solvent with a rotary evaporator, a uniform coating was formed on the bottom round-
bottom flask, the film was dried overnight under vacuum after which it was rehydrated using either phosphate-buffered saline
solution (PBS, pH 7.4), and 4.2 mg/mL of phospholipids should be attained. To prepare the volatile oil-loaded liposomes, they
were subjected to sonication in a 37 °C water bath for 10 minutes while being probed at 40 W for 100 seconds.

Determination of Encapsulation Efficiency and Drug Loading
Three mL of Fructus Xanthii and Magnolia liliiflora volatile liposome solution were placed into a 5-mL centrifuge tube.
Following 30 minutes of high-speed centrifugation at a rate of 10,000 revolutions per minute, 2 mL of the liquid lying above
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the sediment was taken out. Following this, 2 mL of a solution containing 0.5 mole per liter of potassium hydroxide in methanol
were introduced and the mixture was subjected to heating in a water bath set at a temperature of 50 °C for 10 minutes while being
agitated. The solution was then removed from the heat and cooled, after that, deionized water was added in 5 mL. The supernatant
was then centrifuged through a 0.22-um membrane to obtain a fresh filtrate. At the same time, 2 mL of not ultrafiltered liposomes
were aspirated, added to 4 mL of methanol, and sonicated for 5 min for demulsification. After that, 2 milliliters of a solution
containing 0.5 moles per liter of potassium hydroxide dissolved in methanol was added. The mixture was heated in a water bath at
a temperature of 50 °C for a duration of 10 minutes while being shaken. After that, the mixture was cooled down, deionized water
was added in 5 mL, and the supernatant was obtained by centrifugation. After passing through a 0.22-um membrane, the filtered
liquid was examined using a gas chromatography-mass spectrometer (GC-MS) to determine the levels of unbound camphor and
methyl linoleate, as well as the overall levels of camphor and methyl linoleate in the liposomes. GC-MS conditions are shown in
supporting Information and a chromatogram of different samples is shown in Figure S1. The encapsulation efficiency and drug
loading formulas are as follows:

C
EE% —(1— free) % 100%

total

DLY% —Vdruz 1000,
total
Here, Cy.. represents the concentration of free camphor or methyl linoleate, Cy.. represents the concentration of total
camphor and methyl linoleate in liposomes, W4y, represents the mass of Fructus Xanthii and Magnolia liliiflora volatile
components (calculated using the amount of methyl linoleate or camphor), Wy, represents the total weight of SPC,
cholesterol, and Fructus Xanthii and Magnolia liliiflora volatile oils.

Determination of in vitro Release Rate of Fructus Xanthii and Magnolia liliiflora Volatile

Oil Nanoliposomes

The in vitro release of Fructus Xanthii and Magnolia liliiflora volatile oil nanoliposomes was determined by dialysis.*
Specifically, 0.5 mL of volatile oil nanoliposomes and free volatile oil solution (camphor content: 35 ng/mL, linoleic acid
content: 42 ng/mL) were added to a dialysis bag (6000-8000 Da) and placed in 30 mL of release medium. The given specimen
was subjected to centrifugation at a speed of 50 revolutions per minute and a temperature of 37 °C. The medium used for releasing
the substances was a solution of 0.1% Tween 80 in PBS, with a pH value of 7.4. At specific time intervals (0.5, 1,2,4, 6, 8, 12,24,
36, and 48 hours), 0.5 mL of the release medium was collected. To maintain the volume, an equal amount of fresh-release medium
was added to the drug-release medium. The sample’s quantities of camphor and linoleic acid were measured, and each time’s
cumulative release was determined using the prescribed formula.

_ Ve Z?:ll Ci+V0Cn

E,
Mdrug

x 100%

The equation represents the cumulative release of a drug from a liposome. E; is the cumulative drug release, V. is the
displacement volume, C; is the concentration of the drug released during the ith replacement sampling, V, is the volume
of the release medium, and C, is the concentration of the release medium in the nth sampling. The drug concentration
Mdrug represents the amount of drug in the liposome. A release curve was subsequently generated.

The Process of Creating a Thermosensitive in situ Gel

Poloxamer 407 and Poloxamer 188 were utilized in the formulation of composite hydrogels, the procedure for preparing
these hydrogels has been detailed in prior publications.>' Briefly, gel/LIP/volatile oil was prepared using the cryolytic
method. Poloxamer 407 and Poloxamer 188 and hydroxypropyl methylcellulose (HPMC) were dissolved in the volatile
oil of Magnolia liliiflora and Fructus Xanthii containing 50 mL of the liposome solution at concentrations of 14.015%,
7.681%, and 0.500%, respectively. The preparation was continuously stirred to disperse the components and refrigerated
for 24 h until completely swollen to obtain a clear, evenly dispersed, lump-free liquid.
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Determination of Gelation Temperature, Gelation Time, Gel Strength, and Mucosal
Adhesion

The gelation temperature was measured using the inversion method with some modification.®” A total of 50 mL of the
prepared non-coagulated gel solution was placed into a 100-mL beaker and a thermometer was inserted 2 cm below the gel
liquid level. The temperature was kept rising at the rate of (0.5-1.0) °C-min ' in a constant-temperature water bath. The
solution change was observed each time the temperature rose. The temperature when the solution stopped flowing after the
beaker was inverted was recorded as the gelling temperature. Each individual sample underwent three parallel measurements,
and the resulting gelling temperature was determined by calculating the average value. After intranasal administration, the gel
preparation may be diluted due to the presence of nasal secretions. To investigate how dilution impacts the gelation
temperature of the thermosensitive gel, we added phosphate buffer (0.25 mL/g gel) to 4 g of the prepared gel in a small
beaker, following the method described by Soliman et al.>* We then measured the gelation temperature after the dilution.

The rod-stop method was modified to determine the gelation time.** Five mL of the mixture was put in a 20 mL
beaker that was set on a heated magnetic stirrer. At 34°C, the liquid was continuously swirled (30 rpm). The time was
noted when gelation caused the magnetic rod to stop moving. The outcomes represented the average of the measurements
from three independent experiments that were run concurrently.

The amount of time needed for a mass to insert 5 cm into the gel was used to gauge gel strength. Each sample (50 g)
was placed into a 100-mL measuring cylinder to gel at 34°C in a water bath that was maintained at a constant
temperature. The gel solution was then covered with a 35 g weight, which was permitted to insert 5 cm into the gel.
The resulting penetration time was recorded.”

A two-arm balancing method was used to determine the mucosal adhesion gel strength.*® A sample of pig nose mucosa
was positioned on a glass vial filled with PBS at a temperature of 34 °C and a pH of 7.4. The glass vial was securely attached to
the center of a phosphate buffer-containing beaker with a pH of 7.4 and a temperature of 34 °C. The medication, which had
been fixed in a gel form, was bonded to the rubber stopper’s underside. The strength of adhesion between the mucosa and the
gel was determined by calculating the amount of stress required to detach the gel from the mucosal surface per unit area. The
procedure for calculating the duration of adhesion between the gel preparation and the mucosa was based on the method

1’7 but with a few minor modifications, to the sample was added a pregelatinized sample (2 g)

described by Wang et a
containing 0.1% methylene blue, which was then applied to the mucosa of a pig nose at 34 °C.

The experiment involved rinsing the sample with a synthetic fluid that mimics the patient’s nasal fluid. The rinsing
was done at a consistent rate of 5 mL/min and a pH of 7.4. The experiment was conducted in a controlled environment
with a constant temperature of 34 °C and at an angle of 40°. The length of time needed to completely wash off the
formulation was calculated based on the color shift. The average of four separate measurements was presented as the

outcome for each of the aforementioned tests.

Ex vivo Nasal Mucosal Drug Penetration and Retention

The nasal mucosal penetration test was performed ex vivo, the Franz vertical diffusion cell approach was used.*® Briefly, an ex
vivo nasal mucosa was first prepared. A newly killed pig’s nose was opened up, and the mucosa covering the turbinate bone and
nasal septum was carefully peeled off with tweezers. After that, the area was rinsed with regular saline. The diffusion cell was
fixed with the treated nasal mucosa (penetration area: 3.14 cm?). The supply tank was filled with 6 g of the test sample, which was
then equally distributed over the nasal mucosa. The cell was then wrapped in plastic, placed in a receiving tank with 19 mL of
normal saline (34 £ 0.2°C), and allowed to have direct contact with the lining of the nose. A 1-mL sample was obtained at 0, 0.5, 1,
2,4,6,8,12, 16,24, 32, 40, and 48 h, by introducing the same volume of new media to the receiver compartment, the sink state
was maintained, and the amount of penetrated volatile oil in various preparations was measured.

The diffusion apparatus was positioned in a temperature-controlled bath at a specific temperature of 34 + 0.2 °C. It
was then subjected to agitation using a magnetic stirrer rotating at a speed of 300 revolutions per minute. Time T was
plotted on the x-axis, while the cumulative permeation per unit area Q (measured in pg/cm?) was plotted on the y-axis to
create a graph illustrating the penetration of camphor and methyl linoleate into the mucosa. The cumulative volatile oil
permeation of the gel was calculated using the formula below:
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(cnv+ P civo)
- A

Where C,, is the drug concentration at the nth point, C; is the drug concentration at the ith point, V and V, are the
volume of the receiving cell and the volume of the sampling solution, respectively, and A is the diffusion area of the
diffusion cell. Linear regression of time was determined using Q (ug/cm?). A permeation curve was also generated.

After in vitro permeation studies lasting 48 hours, the nasal mucosal tissues were cleaned three times using a solution made of
equal parts ethanol and water. The aim of this process was to remove any remaining medication residue that may have been on the
tissue’s surface. The nasal mucosa was then chopped and put in a centrifuge tube, where it was sonicated with methanol for two
more hours after being crushed with a tissue homogenizer. After that, the resultant supernatant was recovered by centrifuging for
30 minutes at 10,000 RPM. The volatile oil content was evaluated using the same methods.

Preparation of AR Model Mice and Intranasal Volatile Oil Administration

A total of 36 mice were separated into the following six groups at random: normal, AR model, naked volatile oil, AR + gel, AR +
LIP, and AR + gel/LIP/volatile oil (Magnolia liliiflora volatile oil: 28x10™> mg/mouse, camphor content in Magnolia liliiflora
volatile oil: 5.01%, and Fructus Xanthii volatile oil: 14x10~> mg/mouse, Fructus Xanthii volatile oil contains linoleic acid at
a concentration of 2.98%.%° OVA sensitization was used to generate the AR model based on prior research.* The initial
sensitization process involved using a prepared mixture of allergen suspension that contained 0.04 mg of OVA and 0.45 mg of
Al(OH)j; gel. This mixture was injected into the peritoneal cavity every second day, seven times in total. From day 15 to day 21, 20
pL of OVA (50 mg/mL) were injected once daily into each nostril using a micropipette. After the 29th day, the mice received this
medication for an additional 14 days in a row. After being fixed for 10 minutes during the nasal drip, the mice were placed back in
their cage. Approximately 10 pL of volatile oil, LIP/volatile oil, gel/volatile oil, and gel/LIP/volatile oil containing sterile saline
were also given to the model group each time. Each mouse received a dose of 2.8x10* mg and 1.4x10™* mg of Fructus Xanthii
volatile oil. Utilizing a micropipette, the identical volume of regular saline and nasal drops was intraperitoneally administered to
the mice in the normal group. The six-mouse groups were sacrificed under anesthetic on the 35th day, the mucosal tissues were
extracted in order to conduct further investigations.

Assessment of Rhinitis Symptoms

We assessed all the mice for nasal symptoms using the methodology described by Wermeling et al.*! On the 35th day, each mouse
was placed in an individual transparent cage. After a period of 30 minutes to adjust to the surroundings, we observed sneezing,
nasal scratching, and nasal secretions for a duration of 10 minutes. None of the instances of sneezing or scratching received a score
of 0, behaviors occurring between one and four times per minute received a score of 2, and behaviors that happened more than six
times per minute were assigned a score of 3. No nasal secretions received a score of 0, one nostril secretion received a score of 1,
two nostril secretions received a score of 2, and overflow liquids from two nostrils received a score of 3. These scores were used to
compute and compare each mouse’s overall nasal symptom score.

Enzyme-Linked Immunosorbent Assay (ELISA)

We performed an ELISA assay to quantify the concentration of IL-4, IL-13, IFN-o, TNF-y, IgE, and histamine in the serum
samples. During the experiment, we adhered to the protocol outlined by the manufacturer. Using a microplate reader, the
absorbance values at 450 nm were calculated. The average result was reported after each measurement was performed three
times. IgE, IL-4, and TNF levels were recorded in pg/mL, whereas IL-13 values were recorded in ng/mL.

The ldentification of Apoptotic Cells in the Nasal Mucosa

Nasal mucosa was examined using the TUNEL technique to identify cell apoptosis. Mouse nasal mucosa was embedded in
paraffin and preserved with 10% neutral formaldehyde, dewaxed with standard xylene, and added to a gradient of ethanol in water.
With a 400x light microscope (model ES18-TZLED), we randomly chose six distinct fields of view from each slice in order to
calculate the cell apoptosis rate of each nasal mucosa group. Apoptotic cell nuclei were stained brown, while healthy cell nuclei
were blue.
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HE Staining

The maxillary skin was removed from the mice after they were sacrificed. We first detached the skin from the skull and then made
an incision along the midline of the nose in order to visualize the nasal septum and both nasal cavities. The bilateral nasal mucosa
tissues were promptly removed after continuous administration for a week, treated three times with PBS, immersed in a solution
containing 4% paraformaldehyde to fix my tissues, and then, embedded in regular paraffin and cut into thin sections of
approximately 5 um. The sections were then stained with HE after undergoing a dewaxing process using xylene and being
cleansed with a gradient of ethanol to water. Following the standard section dehydration, clearing, and resin mounting procedures,
the nasal mucosal histological changes were examined under a microscope (CX43, Olympus, Tokyo, Japan).

Results and Discussion
Characterization of Volatile Lipid Plastids in Fructus Xanthii and Magnolia liliiflora

Three batches of Fructus Xanthii and Magnolia liliiflora volatile oil nano-liposomes were collected and their color was
observed. The samples were diluted and placed onto a dedicated copper net. After staining with phosphotungstic acid, the
mixture was allowed to dry naturally. We utilized a transmission electron microscope to conduct observations and capture
images of the morphology of the particles (TEM; Figure 1A). The results showed that the prepared nanoliposomes
exhibited light blue fluorescence. Liposome appearance was excellent under TEM, and their shape was spherical. The
Fourier transform infrared spectroscopy (FTIR) spectrum of Fructus Xanthii and Magnolia liliiflora volatile oil nano-
liposomes is shown in Figure 1B. The absorption peaks of the mixture were all from the volatile oil, phospholipids, and
cholesterol. In the absorption peaks of the mixture and liposomes, 3344 cm ™' was the characteristic peak generated by the
water vapor association when potassium bromide was compressed. Furthermore, 1743 cm ™', 1159 cm ™', and 1080 cm ™'
were the characteristic absorption peaks of phospholipids, while 1379 cm ™', 1467 cm ™!, and 1080 cm ' were the
characteristic absorption peaks of cholesterol.*** In the liposome, the absorption peak of the volatile oil at 1200—
1350 cm™' disappeared, indicating that the two volatile oils formed a new phase with the interaction of SPC and
cholesterol, which demonstrated the success of the liposome preparation.

Three batches of Fructus Xanthii and Magnolia liliiflora volatile oil nano-liposomes were prepared. Their particle
size and zeta potential were determined (Figure 1C, Table 1). The results showed that the liposome particle size was 95.1
+ 3.6 nm. The PDI was 0.174 + 0.031 (Table 1), indicating that the PDI of each liposome was relatively uniform. The
zeta potential was —17.2 £ 1.9 mV (Figure 1D, Table 1). The entrapment efficiency of Fructus Xanthii and Magnolia
lilitflora volatile oils was 70.42 + 5.41% and 67.10 £ 6.08%, respectively, and the highest drug loading was 9.10 = 0.98%
and 16.10 + 1.03%, respectively (Table 1).
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Figure | Transmission Electron Microscopy Characterization (A); FTIR spectrum of Fructus Xanthii and Magnolia liliiflora volatile oil nano-liposomes (B); The particle size
distribution diagram of volatile oil LIPs (C); Zeta potential diagram of volatile oil LIPs (D); Volatile oil cumulative release curves from LIPs, the data are shown as the mean *
SD, n = 3 (E); The formulation gel/LIP/volatile at room temperature (a) and at 34 °C (b) (F).
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Table | Physicochemical Characteristics of the LIPs (Mean+SD, n=3)

Formulation Particle Size (nm) Zeta-Potential (mV) PDI EE (%) DL (%)
Gel/LIP/Volatile oil 95.1+3.6 —17.2+1.9 0.174+0.031 Fructus Xanthii volatile Fructus Xanthii volatile
oil: 70.4215.41 oil: 9.10+0.98

Magnolia liliiflora volatile Magnolia liliiflora volatile
oil: 67.10£6.08 oil: 16.10+1.03

Drug-loaded liposome release properties in the release media were also determined. The data presented in Figure 1E
demonstrates that the combined amount of Fructus Xanthii volatile oil and Magnolia liliiflora volatile oil released from
LIPs after 48 hours was 43.57% and 39.79% respectively, showing that it was continuously released over a sustained
period of time. This gradual process helps to avoid abrupt carrier release during delivery.

Characterization of Thermosensitive Gel/LIP/Volatile Oil

The prescription was optimized using Design Expert 12.0.3 software (Stat-Ease, Minneapolis, MN, USA) software, the optimal
prescription was 14.015% Poloxamer 407, 7.681% Poloxamer 188, and 0.5% HPMC. Three batches of samples were prepared
using the optimal process for result verification and quality evaluation. Gel/LIP/volatile oil state before and after gelation is shown
in Figure 1F. The value and range of the optimized gelling temperature and gelling temperature after dilution were determined
(Table S1). The predicted gelling temperature of the prepared preparation was 34.0°C, and the predicted gelling temperature after
dilution was 34.03°C. Typically, the nasal preparations effectively preserved the gel integrity for a duration of 20-50 seconds,
while the gel/LIP/volatile oil did it for 43.6 £ 9.07 s. The mucosal adhesion strength of the gel/LIP/volatile oil was 30 + 1.74 g/cm>.
The gelation time of the gel/LIP/volatile oil was 190.3 + 8.43 s, while the adhesion duration was 5.9 & 1.12 h, ensuring that the gel
stayed in the nasal cavity for a long time.

Efficiency of ex vivo Permeation and Retention of Volatile Oil in Nasal Mucosal Tissue
The Cumulative Volatile oil of Fructus Xanthii permeation from LIP/volatile oil, gel/volatile oil, and binary formulation of
gel/LIP/volatile oil were 22.53 ug/em?, 4.81 ug/cm?, and 18.28 ug/cm?, respectively (Figure 2A). While Cumulative Volatile oil of
Magnolia liliiflora permeation from gel/volatile, LIP/volatile oil, and gel/LIP/volatile oil were 11.05 ug/em?, 50.79 ug/cm?, and
42.42 ug/em?, respectively (Figure 2B). The flux (Jss) values were measured for various formulations of Fructus Xanthii and
Magnolia liliiflora. For Fructus Xanthii, the Jss values were found to be 0.50 pg/cm?hr, 0.10 pg/cm?/hr, and 0.42 pg/cm?*/hr for
the LIP/volatile oil, gel/volatile oil, and gel/LIP/volatile oil binary formulations, respectively. On the other hand, the Jss values for
Magnolia liliiflora formulations were determined to be 1.05 pg/cm?/hr, 0.24 pg/cm?hr, and 0.90 pg/cm*hr for the LIP/volatile
oil, gel/volatile oil, and gel/LIP/volatile oil binary formulations, respectively. These findings demonstrated that the hydrogel
formulation had a stronger inhibition impact than delivery vehicles in preventing volatile oil from penetrating the mucosa. The
volatile oil was removed to determine the effective dosage that remained in the inflamed mucosa following the topical application
of various formulations to the mucosa 48 hours after administration and delivery. The formulation consisting of gel/LIP and
volatile oil exhibited the highest rate of mucosal retention 20.41% of the initial dose of Fructus Xanthii volatile oil remained in the
mucosa. In comparison, 27.81% of the Magnolia liliiflora volatile oil was retained. After 48 h, the mucosal retention of the
Fructus Xanthii and Magnolia liliiflora gel volatile oils was 5.96% and 6.28%, respectively, while that of Fructus Xanthii and
Magnolia liliiflora LIP/volatile oils was slightly lower at 9.32% and 10.56%, respectively (Figure 2C and D). Generally speaking,
the gel/LIP/volatile oil binary formulation may be the best option for local nasal mucosal administration because it has the lowest
drug penetration and maximum retained rates.

Impact of Administering Volatile Oil on the Behavioral Performance of Mice

In the experiment, we prepared mice models of AR. We then treated the mice with different combinations of AR + gel/
volatile oil, AR + LIP/volatile oil, and AR + gel/LIP/volatile oil. We observed that the mice treated with AR + gel/
volatile oil, AR + LIP/volatile oil, and AR + gel/LIP/volatile oil had a significant decrease in the number of nasal
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Figure 2 Cumulative permeation curve of Fructus Xanthii volatile oil in the nasal mucosa from the LIPs/volatile oil, gel/volatile oil, and binary gel/LIPs/volatile oil formulations
(A); Cumulative permeation curve of Magno liliiflora volatile oil in the nasal mucosa from the LIPs/volatile oil, gel/volatile oil and binary gel/LIPs/volatile oil formulations (B);
Amount of volatile oil of Fructus Xanthii retained in the nasal mucosa after 48 h of application of the different formulations (C); Amount of volatile oil of Magnolia liliiflora
retained in the nasal mucosa after 48 h of application of the different formulations (D).

scratches and sneezing compared to the AR model mice. The group treated with AR + LIP/volatile oil showed the best
results with the most noticeable improvement in symptoms. On the other hand, the mice in the volatile oil group showed
only a slight improvement in AR symptoms, which was not very obvious (Figure 3). This could be due to the fact that the
volatile oil was efficiently eliminated by the cilia in the nasal cavity.

Histamine and Inflammatory Cytokine Levels

We utilized ELISA to evaluate the levels of IL-4, IL-13, IFN-a, TNF-y, IgE, and histamine, which play a crucial role in
AR. The groups after the administration of volatile oil (AR + volatile oil, AR + gel/volatile oil, AR+LIP/volatile oil, and
AR + gel/LIP/volatile oil) had lower levels of IL-4, IL-13, IFN-0, TNF-y, IgE, and histamine compared to the AR model
group (Figure 4). Overall, the pharmacodynamic impact was better in the AR + gel/LIP/volatile oil group. As a result,
these findings revealed that AR + gel/LIP/volatile oil had the best control over inflammatory cytokines.

Effect of Volatile Oil Delivery on Mouse Nasal Mucosa Apoptosis

The effects of each preparation’s nasal injection of volatile oil on nasal mucosal cells were assessed using TUNEL
labeling (Figure 5). After analyzing the nasal mucosa in each group, it was clear that the model group’s nasal mucosal
synovial cells had more brown particles in their cytoplasm than the normal group did, indicating greater nasal mucosal
cell death. The number of cells undergoing apoptosis in the nasal mucosa was significantly reduced in both the volatile
oil delivery group and the volatile oil group versus the model group. The gel/LIP/volatile oil group had the fewest
apoptotic cells among all the groups.
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Figure 5 Histopathological changes in the nasal mucosa of rats were investigated by hematoxylin-eosin (HE) staining (400%).

HE Staining

Changes in the nasal mucosal histological tissue also demonstrated the model’s effectiveness (Figure 6). The overall arrangement
of the nasal mucosa in the control group appeared normal, and there were no signs of eosinophil or infiltration of inflammatory
cells in the lamina propria. In contrast, the model group had significant inflammatory cell infiltration. The AR + gel/LIP/volatile oil
group showed the best performance among the treatment groups. The HE results were consistent with the levels of histamine
release and cytokines. In the groups treated with AR + gel/volatile oil and AR + LIP/volatile oil, the nasal mucosa’s general
structure did not show significant changes, but there were changes in the individual lamina propria. There was sporadic infiltration
of inflammatory cells in localized areas. Compared to the group treated with just the volatile oil.

The binary preparation, as well as the other two monophyletic formulations, significantly decreased degenerative
changes in the nasal mucosa of the rhinitis model mouse. In summary, pathological findings demonstrated that the AR +
gel/LIP/volatile oil group was able to significantly decrease the pathological alterations in the nasal mucosa. Furthermore,
the nasal mucosa damage brought on by AR was decreased in the AR + LIP/volatile oil and AR + gel/volatile oil groups.
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Figure 6 Apoptosis of nasal epithelial cells determined by TUNEL staining (400x%) (A); Quantitative analysis of the apoptosis mice of nasal epithelial cells. Data represent the
mean * SD of three independent experiments. #p<0.0l compared with the control group; **p<0.01 compared with the AR group (B).
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While the AR + gel/volatile oil group had enhanced nasal mucosal cells, the AR+LIP/volatile oil group appeared to
generate less inflammation.

Discussion

In the present study, a gel/LIP/volatile oil nasal drug delivery preparation was created against the background of poor patient
compliance and short retention time of general nasal drug delivery preparations. Liposomes and temperature-sensitive gel were
combined to form a binary preparation. Liposomes were used to wrap the drug to improve the poor water solubility of the volatile
oil and at the same time increase the drug release performance. The high deformability of Liposomes can prevent the rupture of
Liposomes vesicles when passing through the nasal mucosa. The sudden release of the thermosensitive gel alone was avoided, and
the phase transformation of the thermosensitive gel in the nasal cavity was used to address the problem of liposomes as liquid
preparations that are easily cleared by the nasal cilia, as well as their poor stability. The present study evaluated the gel/LIP/volatile
oil and compared it to other preparations. The results demonstrated that it can significantly improve the in vitro mucosal
permeability and nasal mucosal retention of the Fructus Xanthii and Magnolia liliiflora volatile oils. The in situ gel was prepared
according to the optimal formula properties from a solution state to a semi-solid state at 34°C with a slow release effect. These
results provide a good theoretical foundation for drug release in the treatment of AR diseases.

Several problems need to be solved when the in situ gel is used for the nasal drug delivery system. First, after the in situ gel is
used in the nasal cavity, the gelation time is too long and the drug diffuses in the form of a solution, leading to its sudden release.
Second, the excessive strength of the in situ gel may damage the nasal mucosa. Third, the in situ gel is not sticky enough and is
easily removed by the cilia. Due to a unique reverse thermal gelling feature, poloxamer 407 remains liquid at low temperatures and
solidifies at body temperature.**** In the present study, the in situ gel nasal delivery system with poloxamer 407 as the excipient
was selected, and various factors were comprehensively considered to improve and optimize the prescription properties. The
excipient HPMC and poloxamer 188 improved the gel’s strength and were added to poloxamer 407, which can adjust the
transition temperature of gel formation to obtain a temperature-sensitive gel with appropriate viscosity.*®

Liposomes have been widely developed in the past decades and have become promising tools, especially in the field of local
therapeutic drug delivery. The drugs they produce can not only reduce the required dose and side effects and improve drug
absorption, but also more easily transport the active ingredients to the target site through the biological barrier of the body, with the
advantages of controlled release, targeting, high drug loading, biocompatibility, and biodegradability.** Liposomes bind to the
in situ gel. They can further improve the solubility and stability of the drug, reduce adverse reactions, and achieve a longer
sustained release effect.*’** In the present study, the volatile oils of Fructus Xanthii and Magnolia liliiflora were loaded with lipids
and cholesterol, and the liposome formulation was optimized using the central composite design-response surface methodology.
The experimental results showed that the best formula had a mass ratio of volatile oil (X1) between Fructus Xanthii and Magnolia
liliiflora of 1:2.3, a mass ratio of lecithin to cholesterol (X2) of 6.2:1, and aqueous phase (X3) dosage of 12.2 mL. On this basis, the
optimal gel/volatile oil formulation was obtained using the central composite design-response surface methodology, the optimal
prescription was 14.015% Poloxamer 407, 7.681% Poloxamer 188, and 0.5% HPMC.

The findings of the study also demonstrated that while the release time of the volatile oil from the gel was extended, the
effectiveness of retaining the two volatile oils in the nasal mucosa when delivered through a pure gel was not satisfactory. On the
other hand, the gel/LIP/volatile oil group exhibited greater stability in laboratory conditions compared to the gel/volatile oil and
LIP/volatile oil groups. This group also showed higher retention of volatile oil in the nasal mucosa and a lower amount of volatile
oil that could permeate through. It is possible that the gel/LIP/volatile oil combination retains the volatile oil in a three-dimensional
polymer matrix, allowing for extended contact time with the nasal mucosa and improved delivery to the irritated area. Liposomes
containing volatile oil should have a low chance of being absorbed by non-nasal local absorption. They should also have the
greatest therapeutic impact on the nasal mucosa. In vivo, results also demonstrated that the pharmacodynamic results of the AR +
gel/LIP/volatile oil group were better than those of the AR + gel/volatile oil and LIP/volatile oil groups. As a result, gel/LIP/
volatile oil is better for RA treatment.

Conclusion
This study evaluated the drug-containing liposomes encapsulated in temperature-sensitive gel in vivo and in vitro
experiments, the results showed that drug containing liposomes encapsulated in temperature sensitive gel had ideal gel
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temperature, gel time and sustained release effect. The nasal delivery technique improves AR and helps medications stay
longer in the nasal cavity. As a result, the sustained-release gel/LIP/volatile oil combination is a viable RA therapy
approach that may be used as a model for creating novel formulations.
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