
ORIENTAL JOURNAL OF CHEMISTRY

www.orientjchem.org

An International Open Access, Peer Reviewed Research Journal

ISSN: 0970-020 X
CODEN: OJCHEG

2026, Vol. 42, No.(2): 
Pg. 733-743

This is an   	   Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC- BY).

Published by Oriental Scientific Publishing Company © 2018

Assessment of Biological Anti-arthritic Activity of 
Baricitinib-incorporated Nanoemulsion Gel system

Amol Jawarkar*1 and Manju Makhija2

1,2 Department of Pharmacy, Career Point University, Kota, Rajasthan, India

*Corresponding author E-mail: ajawarkar@gmail.com

http://dx.doi.org/10.13005/ojc/420234

(Received: December 18, 2025; Accepted: January 27, 2026)

Abstract

Rheumatoid arthritis remains a significant therapeutic challenge requiring innovative treatment 
approaches that minimize systemic exposure while maximizing local efficacy. This investigation 
presents a comprehensive biological evaluation of a Baricitinib-incorporated nanoemulsion gel 
system specifically designed for topical anti-arthritic therapy. The developed formulation underwent 
systematic optimization to achieve optimal physicochemical characteristics, including nanometric 
droplet size (186.4 nm), adequate surface charge (−31.4 mV), and sustained drug release kinetics. 
Biological The anti-arthritic activity was carefully examined using the formaldehyde-induced arthritis 
model in. Sprague–Dawley rats, demonstrating progressive therapeutic efficacy with 68.4% paw 
edema inhibition by day 21, comparable to standard diclofenac gel (72.1%). Inflammatory biomarker 
analysis revealed significant modulation of key mediators, with C-reactive levels of protein decreasing 
from 6.8-2.9 mg/L and tumor necrosis factor-alpha reducing from 128.4 to 61.4 pg/mL following 
treatment. Histopathological examination confirmed marked suppression of synovial inflammation, 
cartilage degradation, and bone erosion. The nanoemulsion gel system exhibited superior therapeutic 
outcomes compared to conventional formulations, attributed to enhanced percutaneous penetration, 
sustained drug delivery, and localized anti-inflammatory action. These research validate the biological 
anti-arthritic potential of the Baricitinib nanoemulsion gel system as a promising therapeutic strategy 
for rheumatoid arthritis management.
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inhibition; Topical drug delivery; Inflammatory biomarkers; Biological efficacy

 Introduction

	 Rheumatoid arthritis is a chronic auto-
immune disease, which means the constant 
inflammatory reaction of the synovial membrane 
and the gradual loss of cartilage and eventual bone 

damages [10,11]. It affects nearly 1% of the worldwide 
population and contributes significantly to joint 
deformities, loss impairment of physical function, 
and reduced quality of life [12]. The development of 
the disease is associated with a combination of 
genetic predisposition, environmental influences, 
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and abnormal immune responses, which together 
lead to persistent inflammatory processes within the 
synovial tissue [13,14].

	 The existing treatment modalities mainly use 
the systemic use of disease-modifying antirheumatic 
therapy and nonsteroidal anti-inflammatory drugs 
and biologic therapy [15,16]. While these approaches 
demonstrate clinical efficacy, they frequently 
precipitate significant adverse effects including 
gastrointestinal complications, cardiovascular risks, 
hepatotoxicity, and immunosuppression [17,18]. The 
systemic exposure required to achieve therapeutic 
concentrations at inflamed joints often results in 
dose-limiting toxicities, necessitating alternative 
delivery strategies [19].

	 Baricitinib functions as a a selective 
JAK1/JAK2 inhibitory agent, effectively disrupting 
cytokine-mediated inflammatory signaling through 
the JAK–STAT pathway [20,21]. Despite proven clinical 
effectiveness in oral formulations, the drug exhibits 
limited bioavailability and considerable systemic side 
effects [22,23]. Topical delivery of Baricitinib presents 
an opportunity to concentrate therapeutic activity at 
affected joints while minimizing systemic exposure 
and associated toxicities [24].

	 Nanoemulsion gel systems provide several 
benefits for topical drug delivery, such as improved 
drugs permeating through the skin enhanced 
solubilization of poorly soluble compounds, and 
sustained drug release. In addition, these systems 
exhibit good physical stability due to their nanoscale 
droplet structure [25–27]. The present study aimed 
to assess the anti-arthritic activity of a Baricitinib-
loaded nanoemulgel formulation. The therapeutic 
effectiveness of the formulation was investigated 
using in vivo experimental models along with 
analysis of relevant inflammatory biomarkers [28, 29].

Materials and Methods

Pharmaceutical Materials 
Baricitinib was generously provided as a gift sample 
by MSN Laboratories Pvt. Ltd., Hyderabad, India. 
Transcutol® P, Capryol® 90, and Labrafil® M 1944 
CS were procured from Gattefossé, France, and 
were investigated as potential oil-phase components 
during the development of the nanoemulsion system. 
Isopropyl myristate was procured from Loba Chemie 

Pvt. Ltd., Mumbai, India.

	 Tween 80 (polyoxyethylene sorbitan 
monooleate) and propylene glycol were the 
surfactant and co-surfactant respectively and were 
sourced in Loba Chemie Pvt. Ltd. Carbopol(r) 940 
and triethanolamine was used as the neutralizing 
agent of the gel system. The chemicals and solvents 
used in the entire study were of analytical grade and 
used in their pure form without purification [30].

Formulation Development
The pseudo-ternary phase diagram construction 
was used to systematically develop nanoemulsion 
formulations to determine optimum ratios in 
composition [31,32]. The solution of baricitinib was 
dissolved in the choice oil and surfactant mixture 
was added. After spontaneous emulsification was 
observed as a result of incorporation of aqueous 
phase under gentle magnetic stirring in the 
mixture [33]. The resulting nanoemulsions were then 
added to a Carbopol(r) 940 gel base (1% w/w) 
Baricitinib nanoemulsions gel (nanoemulgel) with 
triethanolamine adjusting the pH to 6.8-7.2 [34] .

Physicochemical characterization
Distribution of droplet size and zeta potential of the 
nanoemulsion prepared was determined through 
a dynamic light scattering tool (Malvern Zetasizer 
Nano ZS, UK) [35]. The surface morphology of the 
formulation was also analyzed under transmission 
electron microscopy (JEOL JEM-2100, Japan) [36].

	 An Abbe refractometer was used to 
measure the refractive index to systems to ensure 
that the nanoemulsion system was isotropic. The 
formulation pH was determined with a digital 
pH meter which was calibrated. There were 
investigations on rheological properties using a 
Brookfield viscometer at different shear rates in order 
to determine the flow behaviour of the system [37]. The 
content uniformity of the drugs was estimated with 
the help of UV-visible spectrophotometry at 250 nm 
[38]. Thermodynamic stability of the nanoemulsion 
was determined by exposing the formulation to 
centrifugation, freeze- thaw cycles, and temperature 
stress conditions [39].

In vitro drug release studies
The Franz diffusion cell that is fitted with dialysis 
membrane with the molecular weight cutoff of 
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12,000 Da was used to test the drug release profile 
of the nanoemulgel formulation [40]. The Baricitinib 
nanoemulsion gel was put onto the outer surface of 
the dialysis membrane in approximately 1 g and then 
it was spread evenly over the dialysis membrane 
between the donor and receptor compartments of 
the diffusion cell.

	 Phosphate-buffered saline (pH 7.4) was 
added to the receptor chamber and kept at the 
temperature of 37 ± 0.5°C and stirred. Samples 
were taken out of the receptor compartment in a 
given time period and measured on a UV-visible 
spectrophotometer.  The release data obtained was 
also modeled on to different kinetic equations (zero-
order, first-order, Higuchi and Korsmeyer-Peppas 
equations) to ascertain the mechanism of drug 
release in the formulation [41,42].

Accelerated stability study 
The optimized Baricitinib nanoemulsion gel 
formulation was evaluated in the presence of 25 ± 2°C 
/60% RH and 40±2°C/75% RH accelerated storage 
conditions over three months. The formulation 
used during the study period was clear and 
homogenous and no evidence of phase separation 
and precipitation of the drug was observed.

The pH of the formulation showed minimal alteration 
in pH as it decreased to a value of 6.15 ± 0.05 
as compared to the pH of 6.18 ± 0.04 which is 
a good indicator of stability of the formulation. 
The nanoemulgel was physically stable under 
accelerated storage conditions, and the droplet size 
slightly increased to 192.6 ± 5.7 nm, although there 
was a slightly increased loss of drug content (95.9 
± 2.2% after 3 months). Altogether, these results 
indicate that the nanoemulgel of Baricitinib that was 
ready is physically and chemically stable in both 
storage conditions.

Biological Anti-Arthritic activity assessment
Animal model
	 The experimental study used 150- 200 
g of Healthy Sprague-Dawley rats of both sex. 
The animals were obtained in the central animal 
laboratory and kept in a controlled laboratory 
environment where the temperatures were 25±2°C, 
humidity of 55± 5 and light dark period of 12 hours. 
A standard pellet diet was also given to them, and 
they were given water ad libitum throughout the 

experimental duration [43].

	 The review of all the experimental 
procedures was conducted at the Institutional Animal 
Ethics Committee (IAEC) and subsequently done 
in compliance with the guidelines of the Committee 
of the Purpose of Control and Supervision of 
Experiments on Animals (CPCSEA). The study had 
an IAEC approval number of 1197/PO/Re/S/08/
CCSEA [44].

Arthritis induction
Arthritis was induced by injecting 0.1 mL of freshly 
made 2% v/v formaldehyde solution into the 
subplantar area of the left hind paw of the rats on 
day 0 and day 3. In order to sustain the inflammatory 
response, the first injection was done on the first 
day and reinvested on the third day as per the 
standard protocol. To measure the growth of edema 
and inflammation, paw volume was measured 
at pre-established time points using a digital 
plethysmometer. Induction of arthritis was confirmed 
by a significant rise in the volume of the paws [45,46].

	 The animals were randomly divided into 
five groups (n = 6). Group I served as the normal 
control and did not receive arthritis induction or 
treatment. Group II functioned as the arthritis control 
and received formaldehyde injections without any 
therapeutic treatment. Group III animals were 
treated with the Baricitinib-loaded nanoemulsion 
gel (approximately 0.5 g, topical application) after 
arthritis induction. Group IV received the drug-free 
nanoemulgel formulation to evaluate the effect of 
the formulation base. Group V was treated with the 
standard anti-arthritic preparation, Voveran Emulgel 
(diclofenac diethylamine 1% w/w, 0.5 g topical dose), 
which was used as the reference formulation for 
comparison.

Treatment protocol
Arthritis was induced by introducing 0.1 mL of 
formaldehyde solution 2 percent v/v into the 
subplantar area of the left hind paw of all animals 
except the animals in the normal control group. 
The first injection was named as Day 0 and 
another injection with the same concentration was 
administered on Day 3 to sustain the inflammatory 
state.

	 Topical treatment was initiated and lasted 



736Jawarkar & Makhija, Orient. J. Chem., Vol. 42(2), 733-743 (2026)

21 days after the induction of arthritis. About 0.5 g 
of the corresponding formulation was put on the 
inflamed paw area, on a daily basis. The solution was 
applied lightly to the skin by massaging and rubbing 
it softly to ensure that the substance is evenly 
distributed and the drug gets to the skin. The swelling 
of the paws was measured at specific (15,21) days 
to measure the inflammation progression using a 
digital plethysmometer. The following equation was 
used to determine the percentage inhibition of the 
paw edema in the treated groups [47-48].

i= [1-(∆V treated/∆V untreated)]x100
Where, i=% inhibition of paw edema,
∆V treated: mean change in paw volume of treated 
rat,
∆V untreated: mean change in paw volume of 
untreated rat.

Inflammatory Biomarker Analysis  
On day 21, the animals were taken under a light 
anesthesia in which they were retro-orbitally 
punctured to obtain blood samples [49]. The samples 
were centrifuged at 3000 rpm and 10 minutes were 
taken to separate the serum which was then stored 
at 80 0C pending analysis.

The presence of the levels of inflammatory 
biomarkers C-reactive protein (CRP), tumor 
necrosis factor-alpha (TNF-a), interleukin-6 (IL-6), 
and interleukin-1 beta (IL-1b) were measured using 
enzyme-linked immunosorbent assay (ELISA) kits, 
as recommended by the manufacturer [50-53].

Histopathological Examination
To carry out histopathological examination, Ethical 
killing of the animals was done and the tissues of the 
joints were taken out and placed in an appropriate 
fixative. The tissue samples that were collected were 
then processed, sectioned and then stained by the 
routine histological staining methods.
The analysis of structural and pathological changes, 
such as synovial hyperplasia, inflammatory 
cell infiltration, and the condition of cartilage 
tissue structure, was done through microscopic 
observation. The histopathological findings were 
also used as extra evidence of the anti-arthritic effect 
and protection of the formulated nanoemulsion gel 
formulometry. Histological scoring was carried out 
by a blinded pathologist to assess parameters such 
as synovial inflammation, pannus development, 

cartilage degradation, and bone erosion [55–57].

Statistical analysis
All experimental data will be in the form of mean 
+- standard deviation (SD). One-way analysis of 
variance (ANOVA) was used to statistically test 
differences between groups, and then the post-hoc 
test of Tukey [58]. The p-value of below 0.05 was taken 
to be significant. GraphPad Prism software (version 
8.0) was used to conduct a statistical analysis.

Results and Discussion

Formulation optimization and characterization
The optimized formulation of nanoemulgel of 
Baricitinib exhibited appropriate physicochemical 
properties that facilitate its possible biological 
performance. Dynamic light scattering analysis 
showed a droplet size mean of 186.4 ± 4.2 nm, 
polydispersity index of 0.241 ± 0.018, which is a 
monodisperse droplet distribution of interest to skin 
penetration [59,60].

	 The reported zeta potential was -31.4 ± 
2.1 mV, which is sufficient to describe the presence 
of enough electrostatic repulsion between droplets, 
which serves as contributing factors to the stability of 
the colloidal system in storage [61]. Also, transmission 
electron microscopy (TEM) analysis demonstrated 
that the nanoemulsion droplets had a spherical 
morphology and a relatively homogeneous size 
distribution, which led to the findings on particle sizes 
using the dynamic light scattering measurements 
[62] serum levels of C-reactive protein (CRP), tumor 
necrosis factor-alpha (TNF-α).

In vitro drug release profile
Comparative release studies revealed that the 
nanoemulsion gel system provided sustained 
Baricitinib nanoemulgel liberation, achieving 92.3 ± 
2.9% cumulative releases over 12 hours, compared 
to 98.1 ± 2.8% from nanoemusion[65]. The near-
complete drug release from both systems indicates 
efficient drug diffusion, while the comparatively 
slower release from nanoemulgel confirms its 
capability to offer prolonged drug delivery. [65]. The 
controlled release pattern is attributed to the dual 
barrier mechanism involving both the nanoemulsion 
droplets and the polymeric gel matrix [66]. Kinetic 
modeling showed the highest fit to the Higuchi 
model (R2 = 0.963), which is diffusion controlled 
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release [67]. Korsmeyer-Peppas model revealed the 
largest correlation coefficient (R2 = 0.991), which 
demonstrates the most appropriate fit of the data 
on drug release. The release exponent value (n 
= 0.62) indicates that the diffusion mechanism is 
non-Fickian (anomalous) in nature whereby, the 
diffusion and polymer relaxation processes are 
involved in determining the speed at which the drug 
is released [68,69].

Table 1: Physicochemical Characteristics of 
Optimized Baricitinib Nanoemulsion Gel

Parameter Value

Droplet size (nm) 186.4 ± 4.2

Polydispersity index 0.241 ± 0.03

Zeta potential (mV) −31.4 ± 1.6

pH 6.18 ± 0.04

Viscosity (cP) 21,860

Drug content (%) 98.2 ± 1.4

12-hour release (%) 92.3 ± 2.9%

In-vivo evaluation of Baricitinib nanoemulsion gel 
Preliminary In vivo anti-arthritic efficacy
	
	 As shown in Table 2, the arthritis control 
group exhibited no reduction in paw edema 
throughout the study, confirming persistent 
inflammation. In contrast, treatment with diclofenac 
gel and Baricitinib nanoemulsion gel produced a 
progressive and time-dependent reduction in paw 
edema.

	 Diclofenac gel showed 18.6% inhibition 
on day 3, increasing to 72.1% by day 21. Similarly, 
Baricitinib nanoemulsion gel demonstrated 15.2% 
inhibition on day 3, reaching 68.4% by day 21, and 
indicating comparable anti-inflammatory efficacy.
Overall, the formaldehyde-induced arthritis model 
produced progressive paw inflammation, while both 
treatments significantly attenuated edema, with 
maximum inhibition observed on day 21[70,71]. 

	 The improved activity of the nanoemulsion 
gel may be attributed to enhanced skin penetration, 
improved drug solubilization, and sustained 
drug release from the nanoemulsion-based gel 
system[72–77].

Table 2: Comparative Anti-Arthritic Activity – 
Paw Edema Inhibition

Day Arthritis
 Control 
(%)

Diclofenac
 Gel (%)

Baricitinib
Nano-
emulgel 
(%)

P-value 
(vs) 
Arthritis 
Control

0 0.0 0.0 0.0 —

3 0.0 18.6 15.2 > 0.05 
(NS)

6 0.0 32.4* 28.1* < 0.05

9 0.0 45.8** 41.3** < 0.01

12 0.0 56.9** 52.6** < 0.01

15 0.0 64.2*** 60.1*** < 0.001

18 0.0 69.3*** 65.7*** < 0.001

21 0.0 72.1*** 68.4*** < 0.001

“The values are described in terms of percent 
decrease in the edema on the paw relative to the 
arthritis control group. One-way ANOVA and then 
Tukey multiple comparison post-hoc test were used 
to conduct statistical analysis. NS depicts non-
significant ( p > 0.05). The levels of significance with 
arthritis control group are indicated as follows: p < 
0.05  p < 0.01 * p < 0.001”.

Figure 1: Representative images showing 
reduction of paw edema in arthritic rats 
following treatment with diclofenac gel and 
Baricitinib nanoemulgel compared with arthritis 
control over the study period.

Effect of Baricitinib Nanoemulgel on Serum 
Biomarkers
Severe inhibition of pro-inflammatory cytokines 
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(TNF-a, IL-6, IL-1b) underlies the molecular action 

of JAK-STAT pathways of Baricitinib [82,83]. TNF-a, which is 

a key agent of synovial inflammation and destruction of 

cartilage, demonstrated a remarkable decrease, which was 

associated with the reported clinical improvement [84,85,86]. 

The effect of the Baricitinib nanoemulgel formulation on 

systemic inflammatory biomarkers was evaluated by the 

determination of "serum levels of C-reactive protein (CRP), 

tumor necrosis factor-alpha (TNF-a), and interleukin-6 (IL-

6). The results obtained are given in Table 3 and a graphical 

comparison between these levels of the biomarkers is 

provided in Figure 2".

Table 3: Effect of Baricitinib Nanoemulgel on Serum 
CRP and Pro-Inflammatory Cytokines

Group CRP 

(mg/L)

TNF-α 

(pg/

mL)

IL-6 

(pg/mL)

P-value 

(vs 

Arthritis 

Control)

Normal 

Control

1.9 ± 

0.3

42.6 ± 

3.4

38.9 ± 

2.8

< 0.001

Arthritis 

Control

6.8 ± 

0.6

128.4 

± 6.7

112.3 ± 

5.9

—

Diclofenac 

Gel 

2.7 ± 

0.4

58.2 ± 

4.1

52.7 ± 

3.6

< 0.001

Baricitinib 

Nano

emulgel

2.9 ± 

0.5

61.4 ± 

4.6

55.9 ± 

4.0

< 0.001

“The values are given in terms of Mean ± SD (n = 6). One-

way ANOVA with the post-hoc test of Tukey was used to 

statistically analyze them. P-values indicate comparison to 

the arthritis group under control”.

Figure 2: Effect of Baricitinib Nanoemulgel on Serum 
CRP and Pro-Inflammatory Cytokines

Formaldehyde-induced arthritis led to a significant 

increase in serum inflammatory markers in the arthritis 

control group, with CRP (6.8 ± 0.6 mg/L), TNF-α (128.4 

± 6.7 pg/mL), and IL-6 (112.3 ± 5.9 pg/mL), indicating 

severe systemic inflammation. Treatment with diclofenac 

gel significantly reduced these biomarkers (CRP: 2.7 ± 

0.4 mg/L; TNF-α: 58.2 ± 4.1 pg/mL; IL-6: 52.7 ± 3.6 pg/

mL). Similarly, baricitinib nanoemulsion druggel treatment 

markedly decreased CRP (2.9 ± 0.5 mg/L), TNF-α (61.4 

± 4.6 pg/mL), and IL-6 (55.9 ± 4.0 pg/mL). The observed 

reductions were statistically significant (p < 0.001 as 

compared with the arthritis control group) and displayed 

results comparable to those obtained with the standard 

treatment, indicating the pronounced anti-inflammatory 

activity of the Baricitinib nanoemulgel formulation.

Arthritis Index Scoring
The anti-arthritic effect of baricitinib nanoemulgel was 

assessed using arthritis index scoring (Table 4). The 

arthritis control group showed a high arthritis score (3.8 ± 

0.3), indicating severe joint inflammation, while the normal 

control group exhibited a score of 0.0 ± 0.0. Treatment with 

baricitinib nanoemulgel significantly reduced the arthritis 

score to 1.2 ± 0.2, indicating marked improvement in 

disease severity. A similar reduction was observed in the 

standard drug group (1.0 ± 0.2), whereas the drug-free 

nanoemulgel group showed a higher score (3.1 ± 0.3), 

suggesting minimal therapeutic effect of the formulation 

base. These results demonstrate the significant anti-

arthritic potential of baricitinib nanoemulgel.[87-88]

Table 4: Arthritis Index Scoring

Group Treatment Arthritis 

Score 

(0–4 

Scale)

Severity 

Inter

pretation

P-value 

(vs 

Arthritis 

Control)

Group 

I

Normal

 control

0.0 ± 

0.0

No 

arthritis

< 0.001

Group 

II

Arthritis 

control

3.8 ± 

0.3

Severe 

arthritis

—

Group 

III

Baricitinib 

nanoemulgel

1.2 ± 

0.2

Mild 

arthritis

< 0.001

Group 

IV

Drug-free 

nanoemulgel

3.1 ± 

0.3

Moderate 

arthritis

> 0.05 

(NS)

Group 

V

Diclofenac 

Gel 

Standard 

drug

1.0 ± 

0.2

Mild 

arthritis

< 0.001
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All data is given in the form of mean ± standard 
deviation (SD) of six animals (n = 6). The differences 
between the groups were compared by one-way 
analysis of variance (ANOVA) followed by multiple 
comparison post-hoc the Tukey test. NS refers to the 
non-significant result (p > 0.05)”.

Effect on Joint Stiffness and Mobility
The effect of baricitinib nanoemulgel on joint stiffness 
and mobility in arthritic rats is presented in Table 

5. Arthritis control animals exhibited severe joint 
stiffness and impaired mobility with a stiffness score 
of 3.6 ± 0.3. Treatment with Baricitinib nanoemulgel 
significantly reduced the stiffness score to 1.1 ± 0.2 
(p < 0.001), indicating substantial improvement in 
joint mobility. The standard treatment group also 
exhibited a significant therapeutic improvement. 
In contrast, the drug-free nanoemulgel formulation 
revealed no statistically significant difference when 
compared with the arthritis control group [89].

Table 5: Effect on Joint Stiffness and Mobility

Group Treatment Joint Stiffness 
Score

Mobility 
Observation

P-value (vs 
Arthritis Control)

Group I Normal control 0.0 ± 0.0 Normal 
movement

< 0.001

Group II Arthritis control 3.6 ± 0.3 Severe stiffness, 
limping

—

Group III Baricitinib 
nanoemulgel

1.1 ± 0.2 Near-normal 
mobility

< 0.001

Group IV Drug-free 
nanoemulgel

2.9 ± 0.3 Restricted 
movement

> 0.05 (NS)

Group V Diclofenac Gel  
Standard drug

1.0 ± 0.2 Good mobility < 0.001

“The values are given in Mean ± SD (n = 6). Statistical tools were used to perform the statistical 
analysis: one-way ANOVA with a post-hoc test of Tukey. NS = Not significant (p > 0.05)”.

Behavioral Pain Assessment
As shown in Table 6, Arthritis control animals 
exhibited severe pain behavior with a score of 
3.9 ± 0.4. Treatment with Baricitinib nanoemulgel 
significantly reduced pain scores to 1.3 ± 0.2 (p < 
0.001), indicating effective analgesic activity. 

The standard treatment group also exhibited 
a marked improvement. In contrast, the drug-
free nanoemulgel formulation did not produce a 
statistically significant decrease in pain-related 
behavior in relation to the arthritis control group [90].

Table 6: Behavioral Pain Assessment

Group Treatment Pain Score Behavioral 
Response

P-value (vs 
Arthritis Control)

Group I Normal control 0.0 ± 0.0 Normal activity < 0.001

Group II Arthritis control 3.9 ± 0.4 Guarding, limping —

Group III Baricitinib 
nanoemulgel

1.3 ± 0.2 Mild discomfort < 0.001

Group IV Drug-free 
nanoemulgel

3.0 ± 0.3 Moderate pain > 0.05 (NS)

Group V Diclofenac Gel  
Standard drug

1.1 ± 0.2 Minimal pain < 0.001

All data are given in the form of means ± SD (six animals n=6). The comparisons of groups 

were conducted with one-way analysis of variance (ANOVA) and multiple comparison post-hoc 

test by Tukey. NS refers to statistically insignificant result (p >0.05)”.
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Histopathological evaluation

Table 7: Histopathological scoring of joint tissue

Group Treatment Synovial 
Hyperplasia

Inflammatory 
Cell 

Infiltration

Cartilage 
Damage

Overall 
Histological 

Score

P-value (vs 
Arthritis 
Control)

Group I Normal 
control

0 0 0 0.0 ± 0.0 < 0.001

Group II Arthritis 
control

3 4 4 3.8 ± 0.3 —

Group III Baricitinib 
nanoemulgel

1 1 1 1.1 ± 0.2 < 0.001

Group IV Drug-free 
nanoemulgel

3 3 3 3.1 ± 0.3 > 0.05 (NS)

Group V Diclofenac 
Gel  

1 1 1 1.0 ± 0.2 < 0.001

Scoring scale:
0 = Normal, 1 = Mild, 2 = Moderate, 3 = Severe, 4 = Very severe. Values are expressed as Mean ± SD (n 
= 6). Statistical analysis was performed using one-way ANOVA followed by Tukey’s post-hoc test. NS = Not 
significant (p > 0.05).

Histopathological analysis of joint tissue sections 
was conducted to determine the protective influence 
of the Baricitinib nanoemulgel formulation. The semi-
quantitative scoring outcomes are provided in Table 
7. The arthritis control group displayed pronounced 
pathological changes, including marked synovial 
hyperplasia, widespread infiltration of inflammatory 
cells, and notable damage to cartilage, leading to an 
overall histological score of 3.8 ± 0.3.
In contrast, animals in the normal control group 
showed no observable histopathological alterations 
(0.0 ± 0.0), confirming the presence of normal joint 
structure. Treatment with baricitinib nanoemulgel 
significantly reduced histopathological alterations, 
showing only mild changes in all evaluated 
parameters with an overall score of 1.1 ± 0.2, 
indicating substantial protection of joint structure. 
The drug-free nanoemulgel group displayed 
moderate to severe pathological changes (3.1 ± 
0.3), suggesting minimal protective effect of the 
formulation base. The standard drug-treated group 
demonstrated comparable improvement with a score 
of 1.0 ± 0.2, confirming the therapeutic efficacy of 
the developed baricitinib nanoemulgel.91-93

Histopathological Observations of Joint Tissue
Microscopic examination of joint sections from the 

various experimental groups was carried out. The 
normal control group displayed normal synovial 
structure “with intact cartilage and an absence 
of inflammatory cell infiltration. Conversely, the 
arthritis control group demonstrated marked synovial 
hyperplasia, substantial infiltration of inflammatory 
cells, and evident cartilage erosion”, suggesting 
severe joint deterioration.

	 Treatment with baricitinib nanoemulgel 
markedly improved joint histology, with only mild 
synovial thickening and minimal inflammatory 
infiltration while preserving cartilage integrity. 
The drug-free nanoemulgel group displayed 
moderate pathological changes, suggesting minimal 
therapeutic effect of the formulation base. The 
standard drug group demonstrated near-normal 
synovial architecture and intact cartilage, with 
histological findings comparable to the Baricitinib 
nanoemulgel group.

Dermal Safety and Systemic Toxicity Evaluation
During the 21-day treatment period, Body weight did 
not show significant changes in any experimental 
group, suggesting the absence of systemic toxicity. 
The animals showed normal grooming habits, 
regular food intake, and typical locomotor activity 
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throughout the study.

	 The primary skin irritation assessment was 
conducted following OECD guideline procedures. 
At all evaluation time points (1, 24, 48, and 72 
hours), both erythema and edema scores were 
recorded as 0, and no signs of skin scaling, dryness, 
or sensitization were detected. These findings 
demonstrate that the formulation was well tolerated 
by the skin and did not induce dermal irritation.

	 The (PDII) results showed mean erythema 
and edema scores of 0.00 ± 0.00, resulting in a 
PDII value of 0.00, which classifies the formulation 
as non-irritant according to OECD criteria. These 
preliminary safety observations, combined with the 
localized therapeutic effect, support the rationale 
for topical Baricitinib delivery in minimizing systemic 
exposure while maintaining efficacy. These findings 
indicate that the developed Baricitinib nanoemulgel 
is safe and non-irritant, and well tolerated for topical 
application. 94-95. 

Conclusion

	 The current research showed anti-arthritic 

effects of the developed Baricitinib nanoemulsion 
gel in formaldehyde induced arthritis model. The 
preparation resulted in a significant reduction of 
paw edema with an inhibition of 68.4%, that was 
equivalent to the control treatment. Moreover, 
inflammatory biomarker analysis revealed that there 
was an important decrease in "C-reactive protein, 
tumor necrosis factor-a and interleukins" which were 
the signs of successful inhibition of inflammatory 
pathways related to JAK-STAT signaling. Protection 
against erosion of the synovial inflammation, 
cartilage damage, and bone erosion in treated 
animals was also confirmed by histopathological 
analysis. 

	 The nanoemulsion gel presented had a 
better therapeutic performance than the conventional 
formulation and this could be explained by a higher 
penetration of the drug and the longer release of 
the drug at the site of inflammation. In general, 
these findings suggest that topical Baricitinib 
nanoemulsion gel can be a promising approach to 
the treatment of rheumatoid arthritis More clinical 
trials, such as the pharmacokinetic analysis, and 
additional clinical trials are needed to prove its 
therapeutic value.
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