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Purpose: Major depressive disorder (MDD) is a global health concern. Studies have demonstrated that oleanolic acid (OA) has 
a regulatory effect on MDD. However, OA is poorly soluble, has low oral bioavailability, and faces challenges in crossing the blood- 
brain barrier. In this study, building upon a previous formulation of OA cubic liquid crystal nanoparticles (OA-LCNP), we combined 
nanoparticles with a thermosensitive gel for nasal administration and investigated the pharmacological effects of OA-LCNP thermo
sensitive gel (OANG) on depression. This study aimed to evaluate the effects of OANG on depression symptoms in rats.
Methods: OANG was prepared using Poloxamer F127 and F68 as the gel matrix, and the ratios of F127 and F68 were investigated. The 
pharmacokinetics of OANG was studied in rats, and OA content was determined using liquid chromatography-mass spectrometry (LC- 
MS). The pharmacological effects of OANG on depression were evaluated in chronic unpredictable mild stress (CUMS) model rats.
Results: The phase transition temperature of the gel was 34°C, and the release of OA from OANG was slow according to the Higuchi 
kinetic equation. The AUC0-t of brain tissue after nasal OANG administration was 1.21 times that observed after intravenous 
administration. Additionally, the brain-targeting efficiency and nasal-brain direct transfer were 29.91% and 9.44% higher, respectively, 
than those observed after intravenous administration, indicating the brain-targeting capability of the OANG delivery system. Network 
pharmacological analysis revealed that the anti-depressant effects may be linked to neuroactive ligand-receptor interactions, the PPAR 
signaling pathway, and efferocytosis signaling pathways. Experimental results from CUMS rats showed that the gel significantly 
affected interleukin (IL)-4, IL-6, acetylcholinesterase, acetylcholine, 5-hydroxytryptamine, and brain-derived neurotrophic factor, and 
improved depression-like behavior in rats, as measured by sucrose preference, forced swimming, and box shuttle tests.
Conclusion: The OANG nasal drug delivery system has specific brain-targeting properties and exerts anti-depressant effects.
Keywords: oleanolic acid, cubic liquid crystal nanoparticles, drug delivery systems, major depressive disorder, chronic unpredictable 
mild stress

Introduction
Major depressive disorder (MDD) is a prevalent condition worldwide.1 Studies have shown that the lifetime prevalence 
rates of depressive disorders range from 6.1% to 9.5%.2 Depression can be life-threatening, with a substantial economic 
burden. Depressive disorders are not only seen in psychiatric clinics but also often coexist with other medical and 
surgical conditions. According to statistics, 22–33% of patients admitted to internal medicine are diagnosed with 
depressive disorders.3 Chronic diseases, such as heart disease, cancer, chronic lung disease, and stroke, markedly 
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increase the incidence of depressive disorders, highlighting the urgent need for new anti-depressant drugs with high 
efficacy and fewer side effects.4

Oleanolic acid (OA) is an odorless and tasteless pentacyclic triterpenoid with many pharmacological effects, 
including liver protection, enzyme-lowering, lipid-lowering, anti-inflammatory, antiviral, immune enhancement, platelet 
aggregation inhibition, hypoglycemic, anti-mutagenic, and anticancer properties.5 OA tablets have a 94.4% efficacy rate 
for acute viral hepatitis and are commonly used as liver-protective drugs in clinical practice.6 Recently, the anti- 
depressant pharmacological effects of OA have been discovered and have gradually attracted increasing attention. One 
study demonstrated that OA produces antidepressant-like effects in mice exposed to chronic stress, likely through SGK1 
downregulation.7 Kong et al also found that OA could improve depression-like behavior induced by maternal separation, 
including the open field and forced swimming tests, with enhanced hippocampal microglia activation and decreased 
tumor necrosis factor (TNF)-α expression.8 Furthermore, a 3-week OA treatment alleviated chronic unpredictable mild 
stress (CUMS)-induced hedonic and anxiogenic behaviors.9

However, OA has very poor solubility, resulting in low dissolution, poor gastrointestinal absorption, and low 
bioavailability, classifying it into the fourth category according to the biopharmaceutical classification system.10 

Currently, the dosage forms used to improve OA bioavailability include liposomes, nanoparticles, and solid dispersions. 
In our previous study, OA bioavailability was significantly improved by preparing OA lipid cubic liquid crystal 
nanoparticles (LCNP).11 However, studies on OA nanoparticles and thermosensitive gels for nasal administration have 
not yet been reported. This study aimed to use Poloxamer F127 and F68 as carrier materials to prepare a thermosensitive 
nasal gel (NG) and further evaluate the pharmacokinetics and brain-targeting anti-depressant efficacy of OA-LCNP 
thermosensitive gel (OANG).

Materials and Methods
Animals
All rats were obtained from Spiff (Suzhou) Biotechnology Co., Ltd., Jiangsu Province, China (Animal Production 
License of Jiangsu Province: SCXK-2022-0006). All procedures were approved by the Experimental Animal Care and 
Use Committee of the Wuxi TCM Hospital (Approval Number: 2024A003-01) and conducted in accordance with the 
Guide for the Care and Use of Laboratory Animals (NIH Publication No. 85–23, Revised 1996).

Materials
OA was purchased from Shanghai Yuanyet Biotechnology Co., Ltd. (Shanghai, China). Clomipramine hydrochloride 
tablets were obtained from Xuzhou Enhua Pharmaceutical Group Co., Ltd. (Xuzhou, China). Polyethylene glycol (PEG)- 
2000, Poloxamer F127, and F68 were purchased from Sigma-Aldrich Co., Ltd. (Shanghai, China). Sodium dodecyl 
sulfate (SDS) and phytantriol were purchased from Shanghai Aladdin Biochemical Technology Co., Ltd. (Shanghai, 
China). Isoflurane was obtained from Lunambet Pharmaceutical Co., Ltd. (Linyi, China). 5-hydroxytryptamine (5-HT), 
interleukin (IL)-1β, IL-4, IL-6, acetylcholinesterase (AChE), acetylcholine (ACh), and brain-derived neurotrophic factor 
(BDNF) kits were acquired from Jiangsu Kaiji Biological Co., Ltd. (Nanjing, China). Ultrapure water was obtained using 
a Milli-Q purification system (Millipore, Burlington, Massachusetts, USA). Acetonitrile and methanol (liquid chromato
graphy-mass spectrometry [LC-MS] grade) were purchased from Merck (New Jersey, Germany). Gentiopicrosides were 
obtained from the National Institute for Food and Drug Control (Beijing, China). All materials were used as received.

OA-LCNP Preparation
LCNPs were prepared using the precursor method, as previously described.11 Phytantriol (1.6 g) and OA (0.8 g) were 
dissolved in absolute ethanol (2.5 mL) and sonicated at 80% power for 30 min. The organic phase was added dropwise to 
the aqueous phase (20 mL) containing the stabilizer F127 under agitation to form a crude dispersion, which was then 
sonicated in pulsed mode (0.5 s pulse interrupted by 0.5 s pause) at 40% of maximum power for 10 min to produce 
a milky dispersion and reduce particle size.
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OANG Preparation
The OA-LCNP solution (1.5 g) was accurately weighed into a bottle. Subsequently, 0.1 g of Poloxamer F68 and 0.4 g of 
F127 were evenly dispersed onto the nanoparticle solution and refrigerated at 4°C overnight until the Poloxamer samples 
were fully expanded and completely dissolved to obtain a uniform solution.12 PEG-2000 (1% of the total weight of the 
gel) was then added.

Observation of Gelling Temperature and Condition
The gelation temperature of the gel was determined using the inversion method (Figure 1).13 Poloxamer solution (2 mL) 
was added to a Cillin bottle, which was then placed in a water bath and slowly heated at 1°C/min from room temperature 
(25°C). The bottle was quickly removed at every 1°C increase, and the liquid flow was observed by tilting the bottle at 

Figure 1 Results of in vitro OA evaluation. (A) Results of gel temperature and F127 to F68 ratio; (B) Results of gel temperature and F127 ratio study; (C) Transdermal test 
results (n = 3); (D) Rheological performance test of OA-LCNP and OANG; (E) Cellular viability on different hydrogels (n = 5) and staining of rat nasal mucosa cells 
incubated on the hydrogels.
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a 45° angle. When the liquid in the inverted bottle stopped flowing and remained stationary for 30 seconds, the solution 
had completely formed a gel, and the temperature at that time was recorded as the gelation temperature. Each sample was 
measured three times, and the average temperature was recorded.

Rheological Study
The rheological study of OANG was performed using the friction coefficient stripping test (X810, Jinan Saicheng Electronic 
Technology Co., Ltd.). During the test, the temperature and tilt of the observation table were set to 35 °C and 30°, respectively. 
Subsequently, samples (OA-LCNP and OANG, 2 g) were placed on the surface of the observation table The table temperature 
was gradually cooled to 25°C, and the friction coefficient was measured. An increase in the friction coefficient value indicates 
rapid friction between the sample and the table surface as the sample flows.14

Differential Scanning Calorimetry (DSC) Studies
OA raw material, OANG, and its physical mixture were evenly placed into a crucible for DSC analysis (Shanghai Hengjiu 
Electric Appliance Co., Ltd., China). Test conditions: heating rate was 10 °C/min, scanning range was 25–100 °C; sample 
atmosphere was nitrogen, and the flow rate was 50 mL/min.15

Infrared Spectroscopy (IR) Study
The OA raw material, OANG, and the physical mixture were ground with appropriate amounts of potassium bromide, 
mixed evenly, and pressed into tablets. The Fourier infrared spectrum was scanned in the wavelength range of 
400–4000 cm−1 (Shimadzu IRTracer-100, Japan), and the corresponding spectra were recorded.16

Transmission Electron Microscopy (TEM) Photographing
The samples were observed directly using an F200 field-emission transmission electron microscope (JEOL Ltd., Tokyo, 
Japan). A carrier grid was held with tweezers and immersed in the solution to collect the droplets. After the droplets on 
the supporting film were fully dried, the samples were observed under the electron microscope. The nanoparticle 
morphology was examined at an accelerating voltage of 120 kV.17

In vitro MTT Study
The direct contact method was used to determine the cytocompatibility of OANG with primary nasal epithelial cells. 
Sterile phosphate-buffered saline (PBS) was prepared using UV irradiation at 254 nm for 30 min. The cells in each 96- 
well plate (1 × 104 cells/well) were coated with 100 μL of OANG and further co-cultured for 48 h. Cell viability was 
measured at 490 nm using the standard MTT assay.18

Drug Permeation Studies of OANG
Drug permeation measurements were performed using a Franz diffusion cell to evaluate the OA release profile, as 
previously described.11 OANG was placed in a 50 mL centrifuge tube and heated at 37°C for 10 min to ensure full 
confluence. The gel was then added to the drug delivery tank for even distribution on the rat skin surface. Artificial nasal 
fluid (7 mL) was added to the receiving tank and maintained at 35°C, with a magnetic stirring speed of 200 rpm. Samples 
were obtained at 1, 2, 4, 6, 8, 10, and 12 h, and isovolumetric artificial nasal fluid was added. Artificial nasal fluid was 
composed of 400 mM Na+, 140 mM K+, and 4 mM Ca2+, respectively.19 The obtained solution was filtered through 
a 0.45 μm membrane, and the drug content in the sample was determined by high-performance liquid chromatography, as 
previously described.11

OANG Pharmacokinetic Study
Animals and Grouping
Male Sprague-Dawley (SD) rats (110, 180±20 g) were housed in a temperature-controlled room on a 12-h light-dark 
cycle with free access to standard chow and tap water. After 1 week of adaptive feeding, the rats were randomly divided 
into two groups: 55 rats in each of the OANG and intravenous administration (I.V.) groups. Five animals were taken at 
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each time interval for both the OA and OANG groups. Due to their large size and strong mobility, rats may struggle 
during drug administration, which may lead to bleeding caused by scratching the nasal mucosa with the drug delivery 
device. The rats were anesthetized with isoflurane before administration, placed in a supine position, and regained 
consciousness approximately 3 min after anesthesia.

The OANG (50 mg/kg) was administered to rats in the OANG group. The I.V. group received OA (50 mg/kg) directly 
through the tail vein (I.V.). Plasma and brain tissues were collected at 15, 30, and 45 min, and 1.0, 2.0, 4.0, 6.0, 8.0, 10.0, 
12.0, and 24.0 h after administration (n = 5).

Brain Tissue and Blood Sample Preparation
The rats were anesthetized with 2% pentobarbital sodium (80 mg/kg, administered intraperitoneally). Abdominal aortic 
blood was collected, centrifuged at 5000 rpm for 15 min, and the supernatant was obtained and stored at −80°C. 
Subsequently, the rats were euthanized by decapitation under anesthesia. A comprehensive death assessment was 
performed by observing signs such as breathing, heartbeat, pupil response, and nerve reflexes (no chest fluctuation, 
eyelid blanching, and visual response). Following death confirmation, brain tissues were extracted on an ice plate, PBS 
buffer was added at a 1:9 ratio, homogenized for 10 min at 4°C, centrifuged at 10,000 rpm for 10 min, and the 
supernatant was collected and stored at −80°C.

Preparation of Reference Products and Internal Standard Solutions
OA and gentiopicroside (internal standard) were used as control products, dissolved and diluted with 80% methanol (28.6 
and 27.26 μg/mL concentrations, respectively), and stored at 4°C.

Sample Pretreatment
Rat serum (200 μL) and brain tissue supernatants were added to 100 μL of the internal standard solution and mixed well. 
Subsequently, methanol (1 mL) was added, the mixture was swirled for 2 min, centrifuged at 10,000 rpm for 15 min, and 
the supernatant was obtained. The residue was transferred into another test tube, and an additional 1.5 mL of methanol 
was added to the precipitate, swirled for 2 min, centrifuged for 15 min at 10,000 rpm, and the supernatant was collected 
again. The two supernatants were combined and dried at −40°C in a vacuum, and the residue sample was obtained. 
Before measurement, 500 μL of 50% methanol was added to redissolve the freeze-dried residue using a centrifuge 
concentrator, swirled again, centrifuged for 10 min at 12,000 rpm, and the supernatant was collected for analysis.

OA Content Determination in Rat Serum and Brain Tissue Using Ultra-Performance Liquid 
Chromatography-Tandem Mass Spectrometry20

Chromatographic conditions: ACQUITY UPLC-BEH-C18 column (Part Number: 186002350, 100 mm × 2.1 mm, 
1.7 μm). Mobile phase: 0.1% formic acid (A) and acetonitrile (B) by gradient elution (0–10 min, 80% A: 20% B; 
10–20 min, 80–70% A: 20–30% B; 20–25 min, 70–60% A: 30–70% B; 25–26 min, 60–5% A: 70–95% B; 
26–34 min, 5% A:95% B; 34–35 min, 5–80% A:95–20% B; 35–37 min, 80% A:20% B). Flow rate: 0.3 mL/min; 
column temperature: 40°C; sample volume: 2 μL.

Mass Spectrum Condition
Negative ion scanning mode (ESI-); scanning mode: multiple reaction monitoring; ion source temperature: 150°C; 
solvent removal temperature: 500°C; cone-hole gas flow rate: 150 L/h; desolvation gas flow rate: 800 L/h; impact gas 
flow rate: 0.25 mL/min; OA m/z: 455.8–396.3, internal standard (gentiopicroside) m/z: 355.0–149.2; cone-hole voltage: 
OA (60 V), gentiopicroside (60 V); collision energy: OA (20 V), gentiopicroside (18 V).

Data Processing and Statistical Analysis
All data are expressed as the mean ± standard deviation. Pharmacokinetic analysis was performed using the DAS 2.0 
software with a non-atrioventricular model. Absolute bioavailability (F), brain targeting efficiency (BTE), and the 
percentage of nasal-brain direct transfer (NDT) were calculated to evaluate brain targeting efficiency.19,21 Statistical 
comparison of pharmacokinetic data was performed with an unpaired Student’s t-test using SPSS 21.0 (IBM Corp., 
Armonk, NY, USA), and p < 0.05 was considered statistically significant.22
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OANG Pharmacological Study
Animals and Grouping
Male SD rats (60, 180 ± 20 g) were divided into six groups: normal, model, low-concentration OANG, high-concentration 
OANG, clomipramine hydrochloride, and blank gel matrix. All rats were housed in a temperature-controlled room under a 12-h 
light-dark cycle with free access to standard chow and tap water. After 1 week of adaptive feeding, the rats were randomly 
assigned to six groups (n = 10 per group): group 1, rats without treatment (normal); group 2, model group without administration 
(model); group 3, OANG low-concentration group (OANG 25 mg/kg per day, [OANG-L]); group 4, high-concentration OANG 
group (OANG 50 mg/kg per day, [OANG-H]); group 5, clomipramine hydrochloride group (60 mg/kg per day, [CH]); and group 
6, blank gel matrix group (per day, NG).

CUMS Model Experiment
CUMS was used to replicate the rat model.23 The specific stress methods were as follows: tail clamp (clamp applied 1 cm 
away from the end of the rat tail for 1 min), tilting the cage by 45° for 24 h, ice bath at 4°C for 5 min, day and night 
reversal for 24 h, fasting and water deprivation for 24 h, and exposure to noise for 12 h. One to two types of stress were 
randomly applied every day for 28 days; the weekly stress sequences are shown in Table 1.

After the modeling cycle, the rats were analyzed using the sucrose preference test (SPT), forced swimming test (FST), 
and box shuttle test (BST). Compared with the normal group, the forced swimming immobility time and escape latency 
significantly increased; the sucrose preference rate, movement, and exploration behavior were significantly reduced when 
the CUMS modeling was defined as successful.

SPT23

All the animals were trained to consume 1% sucrose. After fasting for 12 h, the rats were given 1% sucrose in a cage 
instead of drinking water. The rats were trained to consume sucrose for 1 h. The experiment was initiated after fasting for 
2 h. During the test, two bottles with identical appearances (one containing purified water and the other containing 1% 
sucrose water) were placed in the rat cage. The weight difference of each bottle was recorded before and after 1 h, and 
the amount of sucrose water consumed was calculated.

Table 1 The Weekly Stress Sequence for Chronic Unpredictable Mild Stress (CUMS)

Groups Day Day Day Day Day Day Day
1,8,15,22 2,9,16,23 3,10,17,24 4,11,18,25 5,12,19,26 6,13,20,27 7,14,21,28

Normal Normal Feeding

Model Fasting for 
solids and 

liquids (24 h)

Forced swimming 
(15 min) andWet 

feeding (24 h)

The cage 
tilts 45° 
(24 h)

Binding test, (30min 
for each rats)

Day and night 
are reversed 

(24 h)

Ice bath at 4°C for 5 min 
and clip the tail  

(1 min for each rats).

Binding test, (30min 
for each rats)NG-Blank

OANG-L

OANG-H

CH

Abbreviations: NG-blank, Thermosensitive gel without any drugs; OANG, Thermosensitive gel with OA Lipid cubic liquid crystal nanoparticles; CH, Clomipramine 
hydrochloride.
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FST24

The experiments were conducted in a quiet environment. The swimming device was made of transparent plexiglass with a height 
of 40 cm, an inner diameter of 18 cm, a water depth of 30 cm, and a temperature of 25°C. Twenty-four hours before the 
experiment, rats were individually placed in the swimming device and forced to swim. After 15 min, the rats were removed from 
the water, dried with warm electric air, and returned to room temperature. During the formal experiment, a single rat was placed 
in the swimming device, slightly curled in the water, and allowed to float. The motionless behavior of the rat was considered 
immobile behavior, and the immobile time of the rat within 10 min was recorded. At the end of each test, the water in the 
swimming apparatus was replaced.

BST25

The test box was closed and divided by a partition into two chambers, A and B, connected through a door hole. The basic 
dimensions of the two chambers (L × W × H cm) were 50 × 36 × 32 cm, and the door hole was oval-shaped with 
dimensions (diameter × height cm) of 7.0×9.0 cm. During the test, a single rat was placed in the test box, and video 
tracking technology was used. The test lasted 15 min. The status of the animals in the test box was recognized, collected, 
analyzed, and automatically saved using the software.

Modified Neurologic Severity Scores (mNSS)
Rat neurological function was scored using the mNSS scale (Table 2). The degree of damage to neurological function 
positively correlated with the score, with higher scores indicating more severe injury. Specifically, a score of 0 indicated 
normal neurological function, 1 to 6 indicated mild impairment, 7 to 12 indicated moderate impairment, and 13 to 18 
indicated severe impairment.26

Table 2 Modified Neurologic Severity Scores (mNSS)

Tests Points

Motor tests
Raising the rat by the tail

Flexion of forelimb 1

Flexion of hindlimb 1
Head moving more than 10° (vertical axis) 1

Placing the rat on the floor

Inability to walk straight 1
Circling toward the paretic side 1

Falling down to the paretic side 1

Sensory tests
Visual and tactile placing 1

Proprioceptive test (deep sensory) 1

Beam balance tests
Grasps side of beam 1

Hugs the beam and one limb falls down from the beam 2

Hugs the beam and two limbs fall down from the beam, or spins on beam (>60 s) 3
Attempts to balance on the beam but falls off (>40 s) 4

Attempts to balance on the beam but falls off (>20 s) 5

Falls off: no attempt to balance or hang on to the beam (<20 s) 6
Reflexes (blunt or sharp stimulation) absent of:

Pinna reflex (a head shake when touching the auditory meatus) 1

Corneal reflex (an eye blink when lightly touching the cornea with cotton) 1
Startle reflex (a motor response to a brief loud paper noise) 1

Seizures, myoclonus, myodystony 1

Maximum points 18

Notes: One point is awarded for the exhibition of certain abnormal behavior or for the lack of a tested reflex. Score: 13–18 severe; 7–12 
moderate; 1–6 mild injury.
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BNDF, AChE and Ach Determination
Brain tissue and blood samples were prepared as previously described. The levels of BDNF, AChE, and ACh in the brain 
tissues and hippocampus were determined using enzyme-linked immunosorbent assay (ELISA) according to the 
manufacturer’s instructions.

IL-1β, IL-6 and 5-HT Determination
IL-1β and IL-6 concentrations in rat serum were determined using an ELISA kit. The content of the monoamine 
neurotransmitter 5-HT in the hippocampal homogenate was determined according to the ELISA kit instructions.

Network Pharmacological Analysis of the Anti-Depression Target Pathway of OA
Potential OA targets were searched on the Swiss Target platform, and depression-related targets were searched using the 
Online Mendelian Inheritance in Man (OMIM), DrugBank, and GeneCards databases.27 The intersection of the two 
datasets was calculated using the “Venny 2.1” software. Disease-related targets involved in OA production were imported 
into the STRING database to obtain protein-protein interaction data. The species was set to “Homo sapiens” with the 
highest confidence > 0.9, and free nodes were deleted. All results were imported and analyzed using Cytoscape 3.7.1.

The intersecting genes were then imported into the DAVID database to identify key pathways for treating depression. 
The “Component-Target-Pathway” network diagram was constructed using Cytoscape 3.7.1, and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) signal pathway enrichment analysis was performed on each node. “OFFICIAL GENE 
SYMBOL” was selected as the data model, and “Homo sapiens” was set as the species.

Brain Histopathological Examination
Fixed tissues were dehydrated using an automatic dehydrator, embedded, and sliced. The dewaxed sections were stained 
with hematoxylin and eosin (H&E), and histopathological conditions were observed under an optical microscope.

Data Processing and Statistical Analysis
All data are expressed as the mean ± standard deviation. One way analysis of variance (ANOVA) was performed using 
SPSS 21.0 to statistical analyze pharmacological parameters.

Results
In vitro Evaluation of Gels Loaded with OA-LCNP
Observation of Gelling Temperature and Condition
The results showed that an increase in F127 concentration decreased the critical temperature, consistent with the other 
test results (Figure 1B).28 According to relevant research, water extruded by F127 micelles, which entangle with each 
other, is the driving force for gel formation.29 Therefore, it is speculated that this is mainly due to the increase in F127 
concentration, which increases the concentration of micelles generated at the same temperature. As a result, the water 
molecules extruded during micelle entanglement increase, making gel formation easier. In addition, F68 can reduce the 
critical temperature. The concentration screening results for F127 and F68 showed that when the F127 and F68 
concentrations were 14%:6% and 13%:8%, respectively, the temperature requirements were met, and the liquid changed 
into a gel at 32 ± 1 °C (Figure 1A). Repeated tests were carried out with the above ratio, and it was found that when the 
dosage was increased, the ratio of F127 to F68 at 14%:6% was relatively stable In contrast, when the ratio was 13%:8%, 
the process varied, and sometimes the gel was formed at 28 °C. Therefore, a ratio of 14%:6% was selected for 
preparation. The prepared OANG was a flowing liquid at room temperature (25 °C) and successfully gelled when the 
temperature was increased to 34 °C (Figure 2A).

Rheological Study
The results showed that when the OA-LCNP was placed on the test table, flow occurred quickly. When the OANG was 
placed on the test table, no significant displacement occurred. As the temperature gradually decreased, the fluidity of 
OANG gradually increased, and friction with the table also gradually increased (Figure 1D).

https://doi.org/10.2147/DDDT.S484567                                                                                                                                                                                                                                                                                                                                                                                                                                       Drug Design, Development and Therapy 2025:19 722

Shi et al                                                                                                                                                                               

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Figure 2 Results of morphological OANG characterization. (A) A1 - Gel appearance at 25°C; A2 - After warming at 34°C; (B) TEM results of gels loaded with OA-LCNP; 
(C) IR results: C1 - OA; C2 - Physical mixture of OA-LCNP, F127, and F68; C3 - OANG; (D) DSC results: D1 - OA; D2 - Physical mixture of OA-LCNP, F127, and F68; D3 - 
OANG.
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Drug Permeation Studies of OANG
The results of Franz diffusion experiments showed that OA-LCNP in the gel permeated more easily through rat skin and 
exhibited a slow release for up to 12 h. The zero-order, first-order, and Higuchi kinetic equations were used to analyze the 
in vitro permeation behavior of OA in temperature-sensitive gels (Table 3). The in vitro release curve of OANG 
conformed to the Higuchi kinetic equation (r = 0.9970), indicating that the drug release mechanism involved 
a synergistic effect on drug diffusion and skeleton dissolution. The results showed that the release of drugs during 
nasal administration was influenced by nasal fluid dissolution in the thermosensitive gel matrix and outward drug 
diffusion from the thermosensitive gel matrix.30

In vitro MTT Results
As shown in the figure, the survival rate of primary rat nasal mucosa cells on the OANG surface was 95%, and they 
gradually proliferated within 48 h (Figure 1E). Nasal mucosa cells with greater density grew vigorously and exhibited 
good cell vitality, indicating that OANG had no obvious toxic effects on primary rat nasal mucosa cells.

TEM Photographing
TEM results showed that the OA-LCNP were evenly dispersed in the gel, with an average particle size of 53 nm, where 
many OA-LCNP were distributed.

DSC Results
Figure 2 shows that OA has two melting point peaks at 35.6 °C and 117.5 °C, respectively. The physical mixture of OA, 
F127, and F68 had a melting point peak at 55 °C (D2). OANG had a melting point peak at 50.5 °C (D3). During the 
measurement process, F127 and F68 melted first, followed by the dissolution of OA in the carrier; therefore, the OA 
characteristic peak was not observed. The heat absorption peak of OANG is at 40 °C, and the melting point peak exists, 
which indicates that OANG is not a simple physical mixture formed with F127 and F68.31

IR Results
In the OA raw material, strong peaks were observed at 1700 cm−1, 2960 cm−1, and 3450 cm−1, corresponding to the 
stretching vibrations of C=O, C-H, and -OH, respectively (Figure 2-C1). Both OA and the physical mixture (Figure 2-C1 
and C2) showed absorption peaks at 3450 cm−1 and at approximately 1660 cm−1 and 1600 cm−1. The O-H and C=O 
stretching vibrations of the physical mixture of OA and F127 can still be seen in the figure The infrared spectrogram 
results further showed that the OA physical mixture was only a simple superposition of the raw material and the carrier.32

Regarding OANG (Figure 2-C3), the intensity of the absorption peak at 3450 cm−1 significantly reduced, and the 
absorption peak became wider and blunter at 3470 cm−1. The absorption peaks at 1736 cm−1 and 1664 cm−1 disappeared, 
suggesting hydrogen bond interaction between the drug and the carrier in OANG.33

Pharmacokinetic Results in Rats
Figure 3 shows the concentration-time curve results for OA in rat plasma and brain tissue. The main pharmacokinetic 
parameters and evaluation results for brain targeting are shown in Table 4. The area under the curve (AUC0-t) of the brain 
tissue after nasal OANG administration was 1.21 times that after intravenous administration. Moreover, BTE and NDT 
were 29.91% and 9.44% higher than those after intravenous administration, respectively, indicating brain targeting by the 
OANG delivery system.

Table 3 Permeated Equation of OA-LCNP Thermosensitive Gel in vitro

Model Permeated Equation Correlation Coefficient (r)

Zero-order R ¼ 31:08tþ 24:16 0.9844

First-order Ln Rð Þ ¼ 0:906Ln tð Þ þ 3:829 0.9798
Higuchi R ¼ 141:9t1

2 � 99:64 0.9970

Abbreviation: OA-LCNP, Oleanolic acid cubic liquid crystal nanoparticles.
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The pharmacokinetic studies confirmed that OA encapsulation in OANG significantly improved the relative bioavail
ability to the brain, mean residence time (MRT), and OA half-life compared to the OA suspension (p < 0.05). The AUC 
(amount of drug absorbed by the brain) was also significantly higher (748.93 ± 62.38 ng·mL−1·h−1) compared with the 
OA suspension (618.78 ± 59.67 ng·mL−1·h−1) (p < 0.05).

CUMS Test Results in Rats
As shown in Figure 4A, when the rats were placed in a test box with a hole in the middle, curious rats typically passed 
through the hole to observe what was happening on the other side. When the rats were depressed, they were less curious 
about the outside world and naturally reduced the number of times they crossed the hole.34 The instrument recorded the 
rat movements (Figure 4B).

Compared with the normal group, rat body weights in the model group significantly decreased during the 28-day 
CUMS test (p < 0.05, Figure 4C and D), probably due to fasting, water prohibition, and decreased appetite following 
various stimuli. The SPT results also showed that, compared with the normal group, the preference of the model rats for 
sugar significantly decreased (p < 0.05, Figure 4D). The FST results showed that the immobility time of the model group 
at 15 min was significantly higher than that of the normal group (p < 0.05, Figure 4E). The BST results showed that the 
number of box penetrations and active areas in the model group significantly decreased (p < 0.05, Figure 4F). Compared 
with the model group, no significant differences were observed in body weight, sugar water test results, immobility time 

Figure 3 Results of rat pharmacokinetic experiments (n=5). (A–E) Mass spectrograms. (A) OA standard; (B) Gentiopicroside standard; (C) Blank serum with 
gentiopicroside added; (D) Medicated serum with gentiopicroside added; (E) Blank brain tissue with gentiopicroside added; (F) Medicated brain tissue with gentiopicroside 
added; (G) Time curve of OA concentration in serum; (H) Time curve of OA concentration in brain tissue.
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in the FST, or penetration frequency in rats administered the blank gel, indicating that the blank gel had no therapeutic 
effect. Compared with the model group, in the OANG-H group, the body weight of the rats significantly increased (p < 
0.05), preference for sugar water significantly increased (p < 0.05), immobility time in the FST significantly decreased (p 
< 0.05), and the number of box penetrations significantly increased (p < 0.05). No significant difference was observed 
between the experimental results and those of the positive control drug, CH (p > 0.05). Rat body weights in the OANG-L 
group significantly increased (p < 0.05). The results of the sugar water experiment showed that rat preference for sugar 
water significantly increased (p < 0.05), immobility time in the FST significantly decreased (p < 0.05), and the number of 
box penetrations significantly increased (p < 0.05).

As shown in Figure 5, no differences were observed between the blank gel and model groups in any of the indices (p > 
0.05), indicating that the blank gel had no therapeutic effect on depression. Compared with the normal group, serum IL-4 and 
IL-6 levels were significantly higher in the model group than in the control group (p < 0.05, Figure 5A). Compared with the 
model group, serum IL-6 levels in the CH, OANG-L, and OANG-H groups were significantly lower (p < 0.05). Serum IL-4 
levels in the CH group rats significantly decreased (p < 0.05). Serum IL-4 levels in the OANG-H and OANG-L groups did not 
significantly decrease (p > 0.05). Compared with the normal group, serum IL-1β levels in the model group significantly 
increased (p < 0.05, Figure 5B). Compared with the model group, serum IL-1β levels in the CH and OANG-H groups 
significantly decreased (p < 0.05). The serum IL-1β level in the OANG-L group did not significantly decrease (p > 0.05). The 
5-HT content in the hippocampus of the model group significantly decreased (p < 0.05). Compared with the model group, 
5-HT concentrations in rat hippocampus in the CH group were significantly higher (p < 0.01). The 5-HT content in rat 
hippocampus in the OANG-H and OANG-L groups significantly increased (p < 0.05). Compared with the normal group, the 
AChE content in rat serum and hippocampal tissue in the model group was significantly higher (p < 0.05, Figure 5C). AChE 
content in rat serum in the CH group and OANG-H group was significantly lower than in the model group (p < 0.05). The 
AChE content in the hippocampal tissue of the OANG-H group significantly decreased (p < 0.01). However, the AChE 
content in the hippocampal tissue of the OANG-L group did not significantly decrease (p > 0.05). Compared with the normal 
group, the ACh content in the hippocampus and serum of the model group was significantly lower (p < 0.05, Figure 5D). 
However, compared to the model group, the ACh content in rat serum and hippocampus in the CH, OANG-L, and OANG-H 
groups was significantly higher (p < 0.05).

Although some significant differences were observed in histological measurements, no significant differences were observed 
in behavioral scores by the mNSS test between the groups or between pre- and post-intervention (Figure 5E and F), probably due 
to the fact that rat behavioral scores have fewer indicators related to curiosity.2

Compared with the normal group, BDNF content in the rat hippocampus and serum in the model group was significantly 
decreased (p < 0.05, Figure 6A). Compared with the model group, the BDNF content in the rat hippocampus in the CH, OANG-L, 

Table 4 Main Pharmacokinetic Parameters for Oleanolic Acid (�xþ s, n=5)

Parameters Unit OANG OA (I.V.)

Serum Brain Serum Brain

Tmax h 0.5 0.5 0.25 0.25

Cmax ng/mL 196.23±13.82 167.25±13.27 241.76±17.23 168.25±6.58
t1

2
h 16.25±4.13 9.02±2.31* 19.05±2.36 8.93±0.92

MRT0,t h 7.63±0.49 7.64±0.32* 8.12±0.36 7.12±0.47

AUC0,t ng/(mL·h) 682.32±102.52 748.93±62.38* 728.39±84.24 618.78±59.67

BTE % 129.21 100

NDT % 9.44 —

F % 93.68 100

Note: *Statistical significance at p<0.01 when two groups compared. 
Abbreviations: OA, Oleanolic acid; OANG, Thermosensitive gel of oleanolic acid Lipid with cubic liquid crystal 
nanoparticles; BTE, brain targeting efficiency; NDT, nasal-brain direct transfer; F, Absolute bioavailability.
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Figure 4 Results of CUMS test in rats (n=10). (A) Rats in the box shuttle test; (B) Shuttle track of rats: 1 - Normal, 2 - Model, 3 - NG, 4 - CH, 5 - OANG-L, and 6 - OANG- 
H groups; (C) Results of body weight comparison; (D) Results of sucrose preference tests; (E) Results of forced swimming tests; (F) Box shuttle test results. Comparison 
with the normal group, *p < 0.05; compared with the model group, #p < 0.05.
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Figure 5 Pharmacological results in CUMS rats (n=10). (A) IL-4 and IL-6 concentration in rat serum; (B) 5-HT and IL-1β concentration in rat hippocampus and serum, 
respectively; (C) AChE concentration in rat hippocampus and serum; (D) Acetylcholine concentration in rat hippocampus and serum; (E) mNSS score (pre-intervention); 
(F) mNSS score (post-intervention). Comparison with the normal group, *p < 0.05; compared with the model group, #p < 0.05, ##p < 0.01; NS means not significant (p > 0.05).
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Figure 6 Results of pharmacological and network pharmacological analysis in CUMS rats (n=10). (A) BDNF concentration in rat hippocampus and serum; (B) Venn diagram 
of targets related to the pharmacological effects of depression and OA; (C) Bubble graph of signaling pathways in OA depression; (D) Graph of OA-target-signal pathway 
network; (E) STRING map of targets related to OA pharmacological effects on depression. Comparison with the normal group, *p < 0.05; compared with the model group, 
#p < 0.05, ##p < 0.01.
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and OANG-H groups was significantly higher (p < 0.01). BDNF content in rat serum in the OANG-L group significantly 
increased (p < 0.05). BDNF content in the serum of the CH and OANG-H groups was significantly different (p < 0.01).

Network Pharmacological Analysis of the Anti-Depression Target Pathway of OA
The number of potential pharmacological targets of OA was 102 on the Swiss Target platform (http://www.swisstarget 
prediction.ch/), and 15,627 on OMIM (https://www.ncbi.nlm.nih.gov/omim), DrugBank (https://go.drugbank.com), and 
GeneCards (https://www.genecards.org/) online databases.35 Ninety targets were found to be related to depression 
pharmacological effects, as shown in the Venn diagram (Figure 6B). The top ten potential signaling pathways for OA 
treatment of depression were calculated using KEGG, as shown in the bubble graph (Figure 6C). Intersecting genes were 
imported and analyzed using the STRING database (Figure 6D and E). The top three signaling pathways of OA in 
depression are neuroactive ligand-receptor interaction, peroxisome proliferator-activated receptor (PPAR) signaling 
pathway, and efferocytosis.

Histopathological Results
Normal group (Figure 7A): The tissue structure of the gray and white matter areas of the brain was normal, and the cell 
structure in the gray matter area was clear.3 The pyramidal and granular cells were neatly arranged. The size, number, 
shape, and distribution of the cells were normal. The structures of the nucleus and cytoplasm were clear, and the color 
was uniform. The cytoplasm was light red, and the cell processes were visible. The nuclei were blue and clear, and the 
interstitial tissue was normal. Scattered glial cells were also observed.

Model and NG groups (Figure 7B and C): The tissue structures of the gray and white matter areas of the brain were 
normal. The number of cells in the gray matter area at the cellular level was normal. Mild edema of the cortical surface 
and pyramidal cells was observed.

CH group (Figure 7D): The tissue structures of the gray and white matter areas of the brain were normal. The cell 
structure in the gray matter area was clear. The pyramidal and granular cells were neatly arranged, and their size, number, 
shape, and distribution were normal. The nucleus and cytoplasm structures were clear, with a uniform color. The 
cytoplasm was light red, and the cell processes were visible. The nuclei were blue and clear. Mild edema of the 
pyramidal cells and mild inflammatory cell infiltration in the brain tissue were observed.

OANG-L and OANG-H groups (Figure 7E and F): The tissue structures of the gray and white matter areas of the 
brain were normal. The cell structure in the gray matter area was clear. The pyramidal and granular cells were neatly 
arranged, and their size, number, shape, and distribution were normal. The nucleus and cytoplasm structures were clear, 
and the color was uniform. The cytoplasm was light red, and the cell processes were visible. The nuclei were blue and 
clear, and no cone cell edema or inflammatory cell infiltration was observed.

Discussion
Nasal drug delivery has brain-targeting characteristics, bypassing the blood-brain barrier and rapidly reaching brain 
tissue.21 It offers rapid absorption, quick onset of action, non-injury, convenient use, increased drug delivery to the brain, 
and higher drug concentrations in brain tissues. Enzyme activity is lower in the nasal cavity than in gastrointestinal 
digestive enzymes, which can effectively reduce drug metabolism, avoid the first-pass elimination effect, and improve 
drug bioavailability, achieving therapeutic effects.36 OA is a triterpenoid compound isolated from Chinese herbal 
medicines that has anti-inflammatory and neuroprotective activities.10,37 In addition, OA has been reported to be 
distributed in the rat brain following oral administration.20 However, as an insoluble drug with low oral bioavailability, 
its brain tissue distribution is lower when orally administered, reducing its pharmacological effects. In a preliminary 
study, we prepared OA-LCNP to improve its oral bioavailability.11

Many methods for determining the gelling temperature have been reported, including magnetic stirring, viscosity 
measurements, and tube inversion.38 This study used a uniformly sized mixer, with temperature and speed strictly and 
slowly controlled. When the mixer stopped rotating, the bottle was quickly turned upside down to measure the gel 
formation temperature. The combination of magnetic stirring and tube inversion has the advantages of being intuitive, 
simple to operate, and easy to control. It is expected that the temperature-sensitive gelation of the obtained preparation 
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will occur rapidly when dropped into the nasal cavity. Studies have shown that the internal temperature of the normal 
human nasal cavity is 33–34°C, which was used as an evaluation index for prescription optimization.39 F127 is the most 
commonly used substrate in thermosensitive gels, with the advantages of low toxicity and good biocompatibility, and was 
selected for OANG. However, because F127 alone cannot achieve the ideal gelling temperature, it may affect the gel’s 
mechanical strength and dissolution rate. Thus, the prepared gel did not reach the desired effect expected from this 
experiment. The gelling temperature is related to the polyoxyethylene (PEO)/polyoxypropylene (PPO) block ratio in the 
polymer, and the gelling temperature decreases with increasing PPO content. The PEO/PPO block ratio of F68 is higher 
than that of F127; therefore, adding a small amount of F68 (0–6%) can alter the proportion of PEO/PPO blocks in the 
solution, increasing the gelling temperature, accelerating the gelling rate, enhancing gel adhesion, and reducing dissolu
tion rates.40 Therefore, F127 and F68 were simultaneously used as mixed substrates to prepare temperature-sensitive 
gels. In thermosensitive poloxamer gels, drug release occurs via two main mechanisms: dissolution and diffusion. The 
usual methods for measuring gel release in vitro include cell diffusion, dialysis bags, and non-membrane dissolution. In 

Figure 7 Pathological results of the brain in rats. (A) Normal, (B) Model, (C) NG, (D) CH, (E) OANG-L, and (F) OANG-H groups.
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this study, the diffusion behavior of the gel was investigated in a diffusion cell. The release rates from the gel and 
aqueous solutions were measured under the same conditions. The results showed that the gel exhibited a slow-release 
effect.

Microglia are major participants in neuroinflammation and influence the expression of inflammation-related factors. 
Inflammatory factors associated with depression include IL-1β, IL-4, IL-6, and TNF-α.41 Among these, the pro- 
inflammatory factors IL-1β, IL-4, and IL-6 are significantly upregulated in the hippocampus of model rats exposed to 
acute or chronic stressors.34 The study found that when animals were exposed to acute and chronic stressors, an increase 
in IL-1β in the hippocampus inhibited hippocampal neurogenesis and induced depressive behavior. IL-6 also plays a role 
in the central nervous system of patients with depression, where it regulates monoamine metabolism, alters synaptic 
transmission in the brain, and reduces synaptic inhibition and excitation rates.42,43 IL-4 is a multifunctional cytokine 
expressed in the brain.44,45 It has been found that IL-4 maintains brain homeostasis, neuroprotection, and tissue repair by 
modulating microglia. The results showed that OANG administration effectively inhibited pro-inflammatory cytokine 
expression and promoted anti-inflammatory cytokine expression in the hippocampal tissues of model rats.46

As an important tryptophan metabolite, 5-HT is a neurotransmitter that induces positive emotions.47 5-HT is also 
involved in neuron production and the formation of neural circuits.48 Studies have shown that 5-HT levels are 
significantly reduced in individuals with postpartum depression, which can lead to emotional and behavioral control 
disorders.49 Abnormal serotonin metabolism is a classic mechanism underlying depression, and the anti-depressant 
chlorpromazine increases serotonin levels in the brain. In this study, we found that after 4 weeks of CUMS training in the 
model group, the 5-HT level in the hippocampus was significantly reduced. Both the low- and high-dose OANG groups 
showed increased 5-HT levels, which promoted recovery from depressive-like symptoms. In our previous experimental 
studies on OA and its anti-morphine addiction effects in rats, we found that the serum 5-HT content in morphine-addicted 
rats significantly decreased and that OA significantly increased the serum 5-HT levels.50 Whether OA exerts a biphasic 
regulatory effect on 5-HT remains a topic for future studies.

The brain targeting of the drug can be preliminarily determined by comparing the value of AUCbrain/AUCserum 

between nasal and intravenous administrations. If there is no nasal-brain pathway, the value of AUCbrain/AUCserum after 
nasal administration should be lower than that after intravenous administration.51,52 In this study, the OANG value was 
1.10, higher than the 0.85 for intravenous administration, indicating that OANG had certain brain-targeting properties 
when administered through the nasal cavity. The AUC and MRT of intranasal OANG administration in brain tissue were 
significantly higher than those of intravenous OANG administration, indicating a longer mean retention time. Studies 
have shown that drugs that are not easily absorbed (such as proteins and peptides) are more likely to target the brain after 
nasal administration.53 Although pharmacokinetic experiments were performed in two groups, only five samples were 
available at each time interval, and individual differences in rats may have influenced the experimental results.54 

Therefore, we did not perform statistical analyses of pharmacokinetic parameters between the two groups, such as 
ANOVA.55,56 Preliminary results showed that BTE and NDT were 29.91% and 9.44% higher than those of intravenous 
administration, respectively, indicating brain targeting by the OANG delivery system.57

Neuronal structures can be altered in various ways, including dendrite retraction or extension, decreased or increased 
synaptic density (depending on the brain regions), and inhibited dentate gyrus neurogenesis.58 Many intracellular and 
intercellular mediators are involved in these processes during the acute and recovery phases of stressful events, including 
BDNF, tissue plasminogen activator, corticotrophin- releasing factor, and Lipocalin-2. BDNF plays an important role in 
hippocampal dendrite remodeling.59 Chronic stress induces BDNF downregulation in rats.60 In this study, BDNF in the 
model group rats significantly decreased after 28 days of uncertain stimulation. Although the mechanism of BDNF 
alteration remains unclear, the BDNF-mediated signaling pathway is clearly involved in the structural effects of stress 
induction. The direction and nature of the signal are region-specific and stress-specific, and are affected by epigenetic and 
post-translational modifications.61 Through network pharmacology studies, we found that depression is mainly treated 
through signaling pathways such as neuroactive ligand-receptor interaction, PPAR signaling pathway, and 
efferocytosis.62 Studies have shown that OA exerts anti-inflammatory and pharmacological effects on microglial 
activation, cytokine levels, and IDO1 expression.10 OA affects synaptic plasticity and resilience and has an even greater 
effect on depression-like behavior.6 OA has been reported to improve synaptic plasticity of depression-like behaviors in 
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animal models. Studies have found that the cholinergic system in patients with depression and animal models involves 
changes in cholinesterase, acetyltransferase, and cholinergic receptors, which affect hippocampal synaptic plasticity and 
contribute to depression.63 ACh, released by the ChAT transporter, plays a key role in neuronal excitability regulation 
throughout the brain.64 ACh in the synaptic gap can be degraded by AChE, a key enzyme regulating extracellular ACh 
levels.65,66 Further, in vivo experiments have shown that cholinergic activation can modulate bidirectional synaptic 
plasticity, and dopamine can reverse this.67 Our study found that the ACh level in the hippocampus of depressed rats was 
upregulated, and that the OANG administration group could effectively reverse these effects and upregulate 5-HT levels, 
suggesting that OA may reverse synaptic inhibition through 5-HT and activate synapses through ACh to treat depression.

This study had some limitations. First, our findings were limited to CUMS model rats, and the etiology of depression 
is highly variable. In addition, clinical practice may not provide similar results. Therefore, OA’s anti-depressant effects 
should be studied further in other depression models. Second, although changes in inflammatory factors such as 5-HT, 
BDNF, and IL-1β were observed in CUMS model rats, these protein levels may be altered due to changes in enzyme 
mRNA levels. Therefore, as a follow-up study, it is necessary to investigate the effects of OA administration on related 
amino acids and their metabolites in CUMS rats. Third, sex differences in neuroinflammation, synaptic plasticity, and the 
neuroendocrine system are thought to play an important role in the sex differences observed in mental disorders. For 
example, orexin expression is higher in female patients with depression than in male patients; moreover, differences exist 
in the sensitivity of the hypothalamic-pituitary-adrenal axis between female and male patients with depression.68 

Therefore, sex differences in the neuroendocrine aspects of OA treatment models for depression require further 
investigation.

Conclusion
In summary, our studies explored the OANG nasal drug delivery system has specific brain-targeting properties and can 
exert anti-depressant effects. Compared with traditional nano preparations, the composition of cubic liquid crystal 
nanoparticles is usually similar as the lipid composition of biofilm, and has a high affinity with nasal mucosa cells, 
which can not only reduce the irritation and damage to the nasal mucosa, but also increase the adhesion on the nasal 
mucosal surface, slow down the speed of clearance by the nasal mucus cilia, so that the drug can prolong the residence 
time in the nasal cavity. Therefore, the contact time between the drug and the nasal mucosa can be increased, and the 
absorption efficiency of the drug can be improved. In addition, the particle size of cubic liquid crystal nanoparticles is 
small, and it is easy to penetrate the nasal mucosa, and its special structure can regulate the drug release rate, which is 
conducive to the absorption of drugs across the nasal mucosa and improve the bioavailability of drugs. In this study, 
thermosensitive gel prepared with cubic liquid crystal nanoparticles as the matrix have good brain targeting properties.
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