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Pain commonly accompanies diverse pathological conditions and can substantially impair daily functioning and 
quality of life. This study developed a cannabidiol (CBD) film-forming gel as a topical analgesic and anti-
inflammatory formulation to overcome the formulation challenges associated with the high lipophilicity and poor 
aqueous solubility of CBD. The formulation was optimized using single-factor experiments and an orthogonal 
design with carboxymethyl cellulose sodium as the gel matrix and polyvinylpyrrolidone as the film-forming agent. 
Analgesic activity was evaluated using the acetic acid-induced writhing test, while anti-inflammatory activity was 
assessed using xylene-induced ear swelling and egg white-induced paw swelling models in mice. Serum IL-4, IL-6, 
and TNF-α levels were measured by using enzyme-linked immunosorbent assay (ELISA), and preliminary safety 
was evaluated based on general condition, body weight, and major-organ indices. The optimized formulation 
contained 0.0019 g CBD per 10 g gel. The formulation appeared as a pale, milky-white, translucent liquid with a 
pH of 5.5 – 6.0 and a particle size of approximately 12.4 μm and exhibited good physical stability. CBD film-forming 
gel significantly reduced acetic acid-induced writhing with the high-dose group achieving a pain inhibition rate of 
60.0%. It also inhibited xylene-induced ear swelling and showed a tendency to alleviate egg white-induced paw 
swelling. Histopathological examination indicated reduced tissue edema and inflammatory cell infiltration, 
particularly in the medium- and high-dose groups. Serum cytokine levels showed IL-4 level in the high-dose group 
was significantly elevated compared with the control group (P < 0.001). No obvious treatment-related 
abnormalities were observed. Overall, the formulation exhibited satisfactory physicochemical properties, marked 
analgesic activity, potential local anti-inflammatory effects, and a favorable preliminary safety profile. 
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Introduction 
 
Pain and inflammation are common features of 
numerous diseases including arthritis, 
musculoskeletal disorders, and infections, and 
can substantially impair patients’ quality of life 
[1, 2]. More than 20% of adults worldwide are 
estimated to experience chronic pain, resulting in 
considerable physical, psychological, and 

socioeconomic burdens [3, 4]. Current 
pharmacological treatments for pain and 
inflammation primarily include non-steroidal 
anti-inflammatory drugs (NSAIDs) and opioid 
analgesics [5, 6]. However, long-term NSAID use 
is associated with gastrointestinal injury, 
cardiovascular risk, and renal toxicity [7, 8], 
whereas opioids carry substantial risks of 
dependence, respiratory depression, and 
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tolerance [9, 10]. There remains a clear need for 
safer and more effective therapeutic strategies. 
 
Cannabidiol (CBD) is a non-psychoactive 
phytocannabinoid derived from Cannabis sativa 
L. (C₂₁H₃₀O₂) that has attracted considerable 
scientific interest in recent years [11, 12]. Unlike 
Δ9-tetrahydrocannabinol (THC), CBD does not 
produce euphoric effects or activate the brain 
reward system and is generally considered to 
have a favorable safety profile [13]. Accumulating 
evidence suggests that CBD possesses a broad 
range of pharmacological activities. Its analgesic 
and anti-inflammatory effects have been linked 
to activation of cannabinoid receptor 2 and 
modulation of 5-hydroxytryptamine 1A receptors 
[14, 15]. CBD may also suppress inflammatory 
responses by reducing NF-κB and STAT1 activity, 
decreasing the production of pro-inflammatory 
cytokines such as TNF-α and IL-6, and inhibiting 
NLRP3 inflammasome activation [16, 17]. 
Nevertheless, CBD is highly lipophilic and exhibits 
poor aqueous solubility. Following oral 
administration, its bioavailability is very low (< 
6%) because of extensive first-pass metabolism, 
which substantially limits its clinical application 
[18, 19]. Film-forming gels (FFGs) are an 
emerging topical drug-delivery platform that 
combines the drug-loading capacity of gels with 
the prolonged residence provided by an in situ 
formed film. In recent years, FFGs have shown 
particular promise for the transdermal delivery of 
poorly water-soluble compounds [20]. For 
lipophilic drugs such as CBD, the use of a 
polymeric matrix to modulate drug release and 
form a protective film on the skin may enhance 
local bioavailability [21]. After application, the 
resulting film reduces removal by clothing, 
prolongs residence time at the administration 
site, and promotes sustained drug release and 
penetration [22]. Transdermal delivery can also 
bypass hepatic first-pass metabolism, reduce 
systemic exposure, and increase drug 
concentrations at the target site [23, 24]. In 
addition, FFGs are easy to apply, generally 
biocompatible, and may improve patient comfort 
and adherence [25]. 

This study selected CBD as the active 
pharmaceutical ingredient, carboxymethyl 
cellulose sodium (CMC-Na) as the gel matrix, and 
polyvinylpyrrolidone (PVP) as the film-forming 
agent to construct a CBD film-forming gel.  The 
formulation and preparation process were 
systematically optimized followed by 
comprehensive physicochemical 
characterization. Acute pain and inflammation 
models were then established in mice to evaluate 
the pharmacological performance of the CBD 
film-forming gel and explore its potential 
mechanisms of action. This study provided a 
theoretical and experimental basis for the 
development of a novel topical analgesic and 
anti-inflammatory formulation. 
 
 

Materials and methods 
 
Preparation of blank film-forming gel and single-
factor screening 
The blank film-forming gel was prepared using 
carboxymethyl cellulose sodium (CMC-Na) 
(Tianjin Kermel Chemical Reagent Co., Ltd., 
Tianjin, China) as the gel matrix, 
polyvinylpyrrolidone (PVP) (Hefei Basf 
Biotechnology Co., Ltd., Hefei, Anhui, China) as 
the film-forming agent, anhydrous ethanol as the 
film-promoting agent and co-solvent, and 
glycerol as the humectant. The effect of the 
amount of CMC-Na on gel quality was initially 
evaluated. Precisely weighed 0.1, 0.2, 0.3, 0.4 g 
of CMC-Na were added to 4.5 mL of distilled 
water and allowed to swell at room temperature 
for 12 h. Distilled water was then added to bring 
the final formulation weight to 10 g, and the 
mixtures were stirred until homogeneous. The 
resulting film-forming gels were 
comprehensively evaluated based on 
appearance, stability, viscosity, fineness, and 
film-forming capacity with each parameter being 
scored on a 10-point scale base, giving a 
maximum total score of 50 (Table 1). After the 
appropriate amount of CMC-Na had been 
identified, its amount was fixed at 0.2 g, and the 
effects of PVP, anhydrous ethanol, and glycerol 
on    blank    gel    quality    were    systematically 
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Table 1. Quality evaluation criteria for film-forming gels. 
 

Evaluation 
parameter 

Unsatisfactory 
(1 - 2) 

Acceptable 
(3 - 4) 

Good 
(5 - 7) 

Excellent 
(8 - 10) 

Appearance 
Poor color, 
aggregation 

Discolored, slight 
liquefaction 

Slightly discolored, 
adequately uniform 

Appropriate color, 
translucent 

Stability 
Complete phase 

separation 
Precipitation 

observed 
No obvious 

stratification 
Homogeneous 

distribution 

Viscosity 
Non-viscous or 

liquefied 
Poor viscosity or 

slight liquefaction 
Suboptimal viscosity 

Appropriate 
viscosity 

Fineness Coarse texture Slightly coarse Relatively fine Fine texture 

Film-forming Difficult to spread Slightly uniform Relatively uniform Uniform, intact film 

 
 
investigated. The amounts of PVP tested were 
0.05, 0.15, 0.30, and 0.45 g, while the volumes of 
anhydrous ethanol were 1.5, 2.0, 2.5, and 3.0 mL, 
and the amounts of glycerol were 0.5, 1.0, and 
1.5 g. During optimization, only one factor was 
varied at a time, while all other conditions were 
kept constant. All formulations were assessed 
using the same scoring criteria. 
 
Orthogonal optimization of blank film-forming 
gel 
Based on the results of the single-factor 
experiments, CMC-Na (factor A), PVP (factor B), 
and anhydrous ethanol (factor C) were selected 
as the principal formulation factors. An L9 (3⁴) 
orthogonal array design was used to optimize the 
blank gel formulation with the comprehensive 
score as the response variable. Range analysis 
was performed to compare the relative influence 
of each factor on gel quality and to identify the 
optimal formulation. 
 
Preparation of CBD-loaded film-forming gel and 
drug loading optimization 
CBD (purity > 98%) (Heilongjiang Zhongsheng 
Biotechnology Co., Ltd., Jiamusi, Heilongjiang, 
China) was incorporated into the optimized blank 
gel matrix at amounts of 0.0007, 0.0013, 0.0019, 
and 0.0025 g. Each formulation was mixed 
thoroughly, and distilled water was added to 
bring the final weight to 10 g. The resulting CBD-
loaded film-forming gels were evaluated 
according to the same criteria. The optimal CBD 
loading was selected by considering the 
formulation quality, the murine dosing ranges 

reported in the literature, and the administration 
area used in the present study. 
 
Physicochemical characterization of CBD film-
forming gel 
The optimized CBD film-forming gel was 
subjected to physicochemical characterization. 
Color, homogeneity, visible aggregation, and 
spread ability were assessed by visual inspection. 
An appropriate amount of gel was applied 
uniformly to a flat surface, and the film-
formation time was recorded. The integrity and 
flexibility of the resulting film were subsequently 
evaluated. The pH was measured using a PHS-3C 
pH meter (Shanghai LeiCi Instrument Co., Ltd., 
Shanghai, China), and particle size was 
determined using a BT-90 particle size analyzer 
(Dandong Bettersize Instruments Co., Ltd., 
Dandong, Liaoning, China). Physical stability was 
evaluated under elevated-temperature of 40 ± 
2°C, low-temperature of 4 ± 2°C, and high-
humidity of 75 ± 5%. The formulations were 
monitored for phase separation, precipitation, 
discoloration, and other visible physical changes. 
 
Pharmacodynamic and safety evaluations 
1. Experimental animals, grouping, and 
administration 
Forty (40) healthy KM mice were obtained from 
the Animal Experiment Center of Jiamusi 
University (Jiamusi, Heilongjiang, China). The 
animals were maintained at 24 ± 2°C and 40 - 70% 
relative humidity with ad libitum access to 
standard chow and water. All animal procedures 
were performed in accordance with institutional 
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ethical guidelines and were approved by the 
Experimental Animal Ethics Committee of Jiamusi 
University (Jiamusi, Heilongjiang, China). The 
mice were randomly assigned to five groups with 
8 animals per group including a control group 
receiving blank gel vehicle, a positive control 
group receiving 5 mg/g diclofenac diethylamine 
emulgel (Novartis Pharma AG, Basel, 
Switzerland), and low-, medium-, and high-dose 
CBD film-forming gel groups receiving 3.5, 5.0, 
and 6.5 mg/kg, respectively. One day before 
treatment, the dorsal and abdominal fur was 
removed to produce a depilated area of 
approximately 2 cm × 3 cm. The formulations 
were applied topically three times daily at 08:00, 
13:00, and 18:00 for 14 consecutive days. 
Pharmacodynamic assessments were initiated 1 
h after the final administration. 
 
2. Acetic acid-induced writhing test 
Analgesic activity was evaluated using the acetic 
acid-induced writhing model. One hour after the 
final administration, mice received an 
intraperitoneal injection of 0.6% acetic acid. 
Writhing responses were recorded during the 0 - 
15, 15 - 30, and 30 - 45 min intervals after 
injection. The pain inhibition rate was calculated 
as follows. 
 
Pain inhibition rate (%) = [(mean writhing count 
in the control group - mean writhing count in the 
treated group) / mean writhing count in the 
control group] × 100% 
 
3. Xylene-induced ear edema assay 
Acute local anti-inflammatory activity was 
assessed using the xylene-induced ear edema 
model. One hour after the final administration, 
20 μL of xylene (Xilong Scientific Co., Ltd., 
Shantou, Guangdong, China) was applied 
uniformly to the inner and outer surfaces of the 
right auricle. One hour after xylene application, 
the mice were euthanized, and equal-diameter 
ear punches were collected from both ears and 
weighed. Ear swelling and the edema inhibition 
rate were calculated as follows. 
 

Ear swelling (g) = weight of the right ear punch (g) 
- weight of the left ear punch (g) 
 
Edema inhibition rate (%) = [(mean ear swelling 
in the control group - mean ear swelling in the 
treated group) / mean ear swelling in the control 
group] × 100% 
 
4. Egg white-induced paw edema assay 
Anti-inflammatory activity was further evaluated 
using the egg white-induced paw edema model. 
One hour after the final administration, 0.05 mL 
of fresh egg white was injected subcutaneously 
into the plantar surface of the right hind paw. 
Paw thickness was measured using digital 
calipers immediately before induction and at 1, 2, 
3, and 4 h after induction. Paw edema and the 
swelling rate were calculated as follows. 
 
Paw edema (mm) = postinduction paw thickness 
(mm) - preinduction paw thickness (mm) 
 
Swelling rate (%) = [paw edema / preinduction 
paw thickness] × 100% 
 
5. Histopathological examination 
After completion of the paw edema assay, the 
mice were euthanized, and tissue from the 
inflamed region of the right hind paw was 
collected. Samples were fixed in 10% neutral 
buffered formalin, dehydrated through a graded 
ethanol series, embedded in paraffin, sectioned 
at a thickness of 5 μm, and stained with 
hematoxylin and eosin (H&E). Histopathological 
changes were examined by light microscopy with 
particular attention to interstitial widening, 
edema, inflammatory cell infiltration, and local 
structural alterations. Paw tissue from one 
untreated healthy KM mouse was included solely 
as a normal histological reference and was not 
part of the formal experimental grouping or 
statistical analysis. 
 
6. Enzyme-linked immunosorbent assay (ELISA) 
quantification of serum inflammatory cytokines 
After the pharmacodynamic assessments, orbital 
blood samples were collected from each mouse 
and centrifuged to obtain serum. Serum 
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concentrations of interleukin-4 (IL-4), 
interleukin-6 (IL-6), and tumor necrosis factor-α 
(TNF-α) were measured using commercial ELISA 
kits (Andy Gene Biotechnology Co., Ltd., Beijing, 
China) following manufacturer's instructions. 
 
7. Preliminary safety assessment 
Throughout the treatment and experimental 
periods, the general conditions of the mice 
including activity, food and water intake, and 
body weight were monitored and recorded. At 
the end of the study, the mice were euthanized, 
and the heart, liver, spleen, lungs, and kidneys 
were excised, weighed, and visually examined. 
Organ indices were calculated as follows. 
 
Organ index (%) = (organ weight / body weight) × 
100% 
 
Statistical analysis 
All statistical analyses were performed using SPSS 
version 27.0 (IBM Corp., Armonk, NY, USA). Data 
were presented as the mean ± standard deviation 
(mean ± SD). Comparisons between two groups 
were performed using Student's t-test. For 
comparisons among multiple groups at a single 
time point, one-way analysis of variance 
(ANOVA) followed by Dunnett's multiple-
comparisons test was used. Time-course paw 
thickness and swelling-rate data were analyzed 
using two-way ANOVA followed by Dunnett's 
multiple-comparisons test to compare each 
treatment group with the control group at each 
time point. P value less than 0.05 was considered 
statistically significant. 

 
 

Results 
 

Optimization of blank film-forming gel 
formulation 
The single-factor experiments demonstrated that 
0.2 g CMC-Na produced the highest 
comprehensive score of 31, whereas 0.1, 0.3, and 
0.4 g yielded scores of 27, 17, and 12, 
respectively. Gel viscosity increased 
progressively with increasing CMC-Na content. At 
lower amounts, the formulations exhibited 

insufficient viscosity and poor film-forming 
properties, whereas excessive CMC-Na produced 
overly viscous gels that were difficult to spread 
uniformly and prone to air-bubble entrapment, 
thereby compromising their appearance and 
usability. These findings indicated that 0.2 g 
CMC-Na provided the most appropriate balance 
between viscosity and film-forming capacity. The 
highest comprehensive score of PVP was 37 
obtained at 0.30 g compared with scores of 35, 
34, and 34 at 0.05, 0.15, and 0.45 g, respectively. 
Insufficient PVP resulted in films with inadequate 
mechanical strength and poor integrity, whereas 
increasing the PVP amount beyond 0.30 g did not 
further improve film-forming performance, 
despite maintaining acceptable appearance and 
stability. Therefore, 0.30 g PVP was considered 
optimal for producing a uniform and intact film. 
Increasing the amount of anhydrous ethanol 
progressively improved film formation. The 
highest score of 40 was obtained at 3.0 mL, 
whereas 1.5, 2.0, 2.5 mL yielded scores of 29, 34, 
37, respectively, suggesting that 3.0 mL 
anhydrous ethanol was most favorable for film 
formation and overall formulation quality. For 
glycerol, 0.5 g produced the highest score of 40, 
while 1.0 and 1.5 g yielded scores of 37 and 31, 
respectively. These results suggested that an 
appropriate amount of glycerol improved film 
characteristics, whereas excessive glycerol might 
adversely affect film formation and overall 
formulation quality. Based on the single-factor 
screening results, an orthogonal experimental 
design was subsequently used to optimize the 
blank film-forming gel formulation, with CMC-Na, 
PVP, and anhydrous ethanol selected as the 
principal factors. Range analysis showed that the 
relative influence of these factors followed the 
order of CMC-Na (R = 8.67) > anhydrous ethanol 
(R = 2.00) > PVP (R = 1.33). Among them, the 
amount of CMC-Na had a statistically significant 
effect on the comprehensive formulation score 
(P < 0.05). The optimal combination was 
identified as 0.2 g of CMC-Na, 0.3 g of PVP, and 
3.0 mL of anhydrous ethanol. This formulation 
was consistent with the trends observed in the 
single factor experiments and was therefore 
selected  as  the  blank  gel  matrix  for subsequent 
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preparation of the CBD-loaded film-forming gel. 
 
Determination of CBD loading and 
physicochemical characterization of CBD film-
forming gel 
Based on the optimized blank gel matrix, the 
effects of different CBD loadings on formulation 
quality were systematically evaluated. CBD 
loadings of 0.0007, 0.0013, and 0.0019 g per 10 g 
of gel yielded comprehensive scores of 39, 38, 
and 38, respectively. When the CBD content was 
increased to 0.0025 g, the total score decreased 
to 36, primarily because of darkening of the 
formulation. Considering both the formulation 
quality and the CBD dose range reported in mice, 
0.0019 g of CBD per 10 g of gel was selected as 
the optimal loading. The final optimized 
formulation consisted of 0.0019 g of CBD, 0.2 g of  
CMC-Na, 0.3 g of PVP, 0.5 g of glycerol, and 3.0 
mL of anhydrous ethanol with distilled water 
added to a final weight of 10 g. Physicochemical 
characterization showed that the optimized CBD 
film-forming gel was pale milky-white and 
translucent with a fine and homogeneous 
texture, no visible aggregation, and good spread 
ability. Following topical application, the 
formulation formed a uniform, flexible, and 
transparent film within 2 – 3 min with satisfactory 
integrity and permeability. The pH ranged from 
5.5 to 6.0, which was close to the physiological 
pH of the human skin surface and suggested a 
low potential for skin irritation. Particle-size 
analysis showed a mean diameter of 12.4 μm. 
Stability testing under elevated-temperature, 
low-temperature, and high-humidity conditions 
revealed no visible phase separation, 
precipitation, discoloration, or other marked 
changes in appearance, indicating favorable 
physical stability. Overall, the optimized CBD 
film-forming gel had a clearly defined 
composition, satisfactory physicochemical 
characteristics, and favorable stability, thereby 
providing an appropriate formulation basis for 
subsequent pharmacodynamic evaluation. 
 
Analgesic activity of CBD film-forming gel 
The analgesic activity of the CBD film-forming gel 
was evaluated using the acetic acid-induced 

writhing model, and the results showed that the 
number of writhing responses recorded at 15, 30, 
and 45 min after acetic acid injection. Compared 
with the control group, all treatment groups 
exhibited varying degrees of reduction in 
writhing responses with the most pronounced 
effect observed in the high-dose group. At 15 
min, the high-dose group showed 27.5 ± 2.9 
writhing responses, which was significantly lower 
than the 45.0 ± 4.3 responses observed in the 
control group. At 30 min, the number of writhing 
responses in the high-dose group decreased 
further to 19.9 ± 1.6, compared with 23.3 ± 2.6 in 
the positive control group and 23.1 ± 2.9 in the 
medium-dose group. At 45 min, the high-dose 
group exhibited 5.6 ± 0.6 writhing responses, 
which was significantly lower than that of the 
positive control group (9.0 ± 0.8) (P < 0.05) 
(Figure 1). The pain inhibition rates 
demonstrated that the low-dose group exhibited 
relatively modest analgesic activity, whereas the 
medium-dose group produced effects 
comparable to those of the positive control 
group at 30 and 45 min. The high-dose group 
consistently showed the greatest reduction in 
writhing responses across all observation 
periods. The calculated pain inhibition rate 
reached 60.0% in the high-dose group, compared 
with 35.7% in the positive control group (Figure 
2). These findings indicated that the CBD film-
forming gel reduced acetic acid-induced 
nociceptive responses in mice and exhibited an 
apparent dose-dependent analgesic effect with 
the high-dose formulation showing the greatest 
efficacy. 
 
Inhibitory effects of CBD film-forming gel on 
xylene-induced ear edema 
The anti-inflammatory activity of the CBD film-
forming gel against acute local inflammation was 
evaluated using the xylene-induced ear edema 
model. The results showed that the weights of 
the xylene-treated ear punches were higher than 
those of the corresponding untreated ear 
punches in all groups, confirming the successful 
induction of ear edema. Ear swelling, calculated 
as the difference between the weights of the 
xylene-treated  and  untreated  ear  punches,  was
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Figure 1.  Analgesic effects of CBD film-forming gel in acetic acid-induced writhing test. *: P < 0.05, **: P < 0.01, ***: P < 0.001 compared with the 
control group. 

 
 

 
Figure 2. Pain inhibition rates of CBD film-forming gel in the mouse acetic acid writhing test. *: P < 0.05, **: P < 0.01, ***: P < 0.001 compared with 
the control group. 

 
 
0.110, 0.078, 0.097, 0.081, and 0.041 g in control, 
positive control, low-dose, medium-dose, and 
high-dose groups, respectively. Compared with 
the control group, all treatment groups exhibited 
varying degrees of reduction in ear swelling, with 
the greatest reduction observed in the high-dose 
group (Figures 3). The corresponding ear swelling 
inhibition rates were 29.55%, 12.37%, 26.12%, 
and 62.54% in the positive control, low-dose, 
medium-dose, and high-dose groups, 

respectively. The inhibitory effect observed in the 
medium-dose group was comparable to that of 
the positive control group, whereas the high-
dose group showed the highest inhibition rate 
(Figure 4). These findings indicated that the CBD 
film-forming gel attenuated xylene-induced 
acute ear edema in mice with a generally dose-
dependent pattern and the most pronounced 
effect observed at the high dose. 
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Figure 3. Ear punch weights before and after xylene induction. ***: P < 0.001 compared with the Pre-inflammation group. 

 
 

 
Figure 4. Inhibition rate of ear swelling in mice treated with CBD film-forming gel. ***: P < 0.001 compared with the control group. 

 
 
Effects of CBD film-forming gel on egg white-
induced paw edema and histopathological 
alterations 
The anti-inflammatory activity of the CBD film-
forming gel was further evaluated using an egg 
white-induced paw edema model. The results 
showed that the paw thickness increased in all 
groups after induction compared with baseline, 
confirming the successful establishment of the 

inflammatory model. Compared with the control 
group, the positive control and the medium- and 
high-dose CBD film-forming gel groups generally 
exhibited lower mean paw thickness values after 
induction, whereas the low-dose group showed a 
relatively modest response. Paw thickness 
increased markedly in all groups at 1 h and 
continued to rise in the control group, reaching 
its  highest  level  at  3 h.  The  medium-  and  high- 
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Table 5. Paw thickness measurements across experimental groups. *: P < 0.05 compared with the control group. 

 
 

 
 
Figure 6. Foot swelling rates in each group of mice.  

 
 
dose groups showed lower mean paw thickness 
values than the control group at 2 – 4 h. At 4 h, 
paw thickness was 2.72 ± 0.20 mm in the 
medium-dose group and 2.69 ± 0.08 mm in the 
high-dose group, compared with 2.93 ± 0.16 mm 
in the control group and 2.90 ± 0.07 mm in the 
positive control group (Figures 5). The paw 
swelling rates showed that, although the 
medium- and high-dose groups exhibited 
numerical reductions in paw swelling, the 
differences between the treatment groups and 

the control group did not reach statistical 
significance at any time point (Figure 6). These 
findings suggested that the CBD film-forming gel 
showed a tendency to alleviate egg white-
induced acute paw edema, particularly at the 
medium and high doses, although this effect 
required further confirmation. Histopathological 
examination demonstrated that paw tissue from 
the untreated healthy mouse exhibited intact 
tissue architecture, a continuous epidermis, and 
clearly   defined   dermal   and   subdermal   layers 
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Figure 7. Histopathological changes in paw tissues from mice in each group (HE stain, 200×). A. Normal group (healthy mice without any treatment 
as baseline reference). B. Control group (model group with acetic acid-induced inflammation without treatment). C. Positive control group. D. Low-
dose group. E. Medium-dose group. F. High-dose group. The black arrows indicated widened interstitial spaces, edema, and inflammatory cell 
infiltration. 

 
 
without evident edema or inflammatory cell 
infiltration. In contrast, the control group showed 
marked histopathological alterations including 
widened interstitial spaces, tissue edema, and 
inflammatory cell infiltration. Compared with the 
control group, the positive control and CBD film-
forming gel-treated groups exhibited varying 
degrees of histopathological improvement. 
These changes were more pronounced in the 
medium- and high-dose groups as evidenced by 
reduced interstitial widening, alleviated edema, 
decreased inflammatory cell infiltration, and 
partial restoration of tissue architecture. The 
low-dose group also showed modest 
improvement, although the extent of recovery 
was relatively limited (Figure 7). These 
histopathological findings were generally 
consistent with the trend observed in the paw 
edema measurements and suggested that the 
CBD film-forming gel might alleviate local 
inflammatory tissue injury. 
 
Effects of CBD film-forming gel on serum 
inflammatory cytokine levels 

The results of serum concentrations of IL-4, IL-6, 
and TNF-α showed that treatment with the CBD 
film-forming gel produced varying changes in 
circulating inflammatory cytokine levels 
compared with the control group. The serum IL-
4, IL-6, and TNF-α concentrations In the control 
group were 107.5 ± 6.7, 2.555 ± 0.37, and 479.9 
± 112 pg/mL, respectively, while the 
corresponding values were 127.5 ± 7.6, 2.352 ± 
0.27, and 423.8 ± 84 pg/mL in the high-dose 
group, respectively. Notably, serum IL-4 levels 
were significantly higher in the high-dose group 
than in the control group (P < 0.001). In contrast, 
IL-6 and TNF-α levels showed numerical 
decreases in the high-dose group, although these 
differences did not reach statistical significance. 
Similar patterns were observed in the positive 
control and medium-dose groups, whereas the 
low-dose group showed comparatively modest 
changes (Figure 8). These findings suggested that 
the CBD film-forming gel might modulate 
systemic inflammatory cytokine profiles under 
the present experimental conditions. In 
particular, the marked increase in IL-4 in the high-
dose group,  together with the downward trends 
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Figure 8. The levels of IL-4 (A), IL-6 (B), and TNF-α (C) in mice from each group. **: P < 0.01, ***: P < 0.001 compared with the control group. 

 
 
in IL-6 and TNF-α, indicated a potential 
immunomodulatory effect. However, further 
studies were required to confirm the underlying 
mechanisms. 
 
Preliminary safety evaluation of CBD film-
forming gel 
Throughout the experimental period, mice in all 
groups generally maintained normal food intake 
and activity levels, and body weight increased 
progressively without significant differences 
among groups. These observations suggested 
that the CBD film-forming gel did not adversely 
affect the general health status of the animals 
under the present experimental conditions. 
Analysis of major organ indices showed no 
significant abnormalities in the heart, liver, 
spleen, lung, or kidney indices of mice treated 
with low, medium, or high doses of the CBD film-
forming gel compared with the control group, 
indicating no detectable treatment-related organ 
toxicity. In contrast, the positive control group 
showed higher liver and spleen indices than the 
control group. In addition, occasional lethargy, 
somnolence, and reduced food intake were 
observed in some animals in the positive control 
group during the experimental period. Overall, 
no overt signs of toxicity were observed following 
treatment with the CBD film-forming gel, 
supporting a favorable preliminary safety profile 
under the conditions of this study. 
 
 

Discussion 

CBD has considerable potential as an analgesic 
and anti-inflammatory agent. However, its poor 
aqueous solubility, high lipophilicity, and low oral 
bioavailability present substantial formulation 
challenges [26, 27]. To address these limitations, 
the present study employed film-forming gel 
technology as a topical delivery strategy. Through 
systematic optimization of both the blank matrix 
and the CBD-loaded formulation, a physically 
stable gel with satisfactory film-forming 
properties was obtained. Physicochemical 
characterization confirmed that the optimized 
formulation was homogeneous, had a skin-
compatible pH and appropriate particle size, and 
remained stable under different storage 
conditions. These findings indicated that the 
formulation met the basic quality requirements 
for topical administration and provided a suitable 
basis for subsequent pharmacodynamic 
evaluation. The CBD film-forming gel 
demonstrated marked analgesic activity and 
potential local anti-inflammatory effects across 
several experimental animal models. In the acetic 
acid-induced writhing test, the high-dose 
formulation significantly reduced the number of 
writhing responses and achieved a pain inhibition 
rate of 60.0%, indicating a substantial effect on 
acute inflammatory pain. In the xylene-induced 
ear edema animal model group, the formulation 
reduced ear swelling in a generally dose-
dependent manner with the greatest inhibition 
observed in the high-dose group. In the egg 
white-induced paw edema model, the medium- 
and high-dose groups showed lower mean paw 
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thickness and swelling rates than the control 
group at later time points. However, these 
differences did not reach statistical significance. 
Therefore, the paw edema findings should be 
interpreted as indicating an improvement trend 
rather than definitive evidence of anti-
inflammatory efficacy. Taken together, the 
results suggested that topical CBD delivery might 
alleviate inflammatory pain and suppress acute 
local inflammatory responses, although the 
magnitude of the effect varied among 
experimental models. Histopathological findings 
provided additional support for the local effects 
of the formulation. H&E staining revealed 
reduced tissue edema, interstitial widening, and 
inflammatory cell infiltration in the CBD-treated 
groups, particularly in the medium- and high-
dose groups. These morphological improvements 
were generally consistent with the downward 
trend observed in paw swelling. The ELISA 
analysis further showed alterations in serum IL-4, 
IL-6, and TNF-α levels in the medium- and high-
dose groups. Notably, serum IL-4 levels were 
significantly higher in the high-dose group than in 
the control group (P < 0.001), whereas IL-6 and 
TNF-α levels showed numerical decreases that 
did not reach statistical significance. These 
findings suggested that the CBD film-forming gel 
might exert a modest immunomodulatory effect 
on systemic inflammatory mediator profiles. 
However, the cytokine data should be regarded 
as supportive evidence of anti-inflammatory 
activity rather than definitive proof of 
involvement of a specific molecular pathway. 
Previous studies have suggested that CBD may 
exert anti-inflammatory effects through 
modulation of CB2 receptor-related and NF-κB 
signaling pathways [28, 29]. Because these 
pathways were not directly examined in the 
present study, mechanistic interpretations 
should remain cautious. The current findings also 
raised the possibility that prolonged residence on 
the skin and gradual local permeation 
contributed to the pharmacological effects of the 
CBD film-forming gel. However, dedicated 
transdermal permeation and mechanistic studies 
are required to confirm this hypothesis. 
Preliminary safety evaluation showed that mice 

treated with the CBD film-forming gel maintained 
generally normal activity, food intake, and body 
weight gain with no significant abnormalities in 
major-organ indices. These observations 
suggested that the formulation was well 
tolerated under the conditions tested. In 
contrast, the positive control group showed 
increased liver and spleen indices and occasional 
behavioral abnormalities, although these 
findings required further confirmation. Overall, 
the CBD film-forming gel exhibited favorable 
physicochemical properties, marked analgesic 
activity, potential local anti-inflammatory effects, 
and an acceptable preliminary safety profile. 
However, the present study was limited to 
formulation optimization and initial 
pharmacodynamic assessment. Future studies 
should investigate transdermal permeation, in 
vitro and in vivo drug-release behavior, 
pharmacokinetics, long-term safety, and the 
molecular mechanisms underlying its analgesic 
and anti-inflammatory effects. These 
investigations will be essential to determine the 
translational potential of the formulation as a 
topical therapeutic agent. 
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