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Abstract 
Due to rheumatoid arthritis' systemic inflammatory condition, ongoing pharmacologic treatment is necessary; 
however, traditional oral administration has potential for leading to undesired systemic side effects. Baricitinib is a 
very effective drug for the treatment of certain conditions because it selectively inhibits Janus kinase, but it can only 
be used for these conditions due to its metabolism by the liver and random distribution throughout the body. 
Engineering and establishing a topically applied nanoemulsion gel formulation consisting of Baricitinib were the focus 
of this research project as a method for treating specific areas. The nanoemulsion was prepared using a spontaneous 
emulsification technique with Transcutol® P as the oil phase and Tween 80–propylene glycol as the surfactant 
system.(1) All formulations were systematically optimized through the use of a ternary phase-mapping technique, and 
each formulation was then combined with a polymer matrix of Carbopol® 940. The optimized nanoemulgel exhibited 
nanoscale droplet size with narrow polydispersity, stable zeta potential, and skin-compatible pH. It also demonstrated 
pseudoplastic rheological behavior, uniform drug content, good spreadability, and sustained drug release for up to 12 
hours following Korsmeyer–Peppas kinetics.(2) Studies of biological effectiveness using models of formaldehyde-
induced arthritic challenges showed pronounced anti-edematous actions on a statistically comparable level as a policy 
comparison to benchmark-diclofenac formulations shown in previous research using formaldehyde challenged 
models. These findings suggest that the developed Baricitinib nanoemulsion gel is a promising topical delivery system 
for safer and effective management of rheumatoid arthritis.(3,4) 
Keywords: Baricitinib; Nanoemulsion gel; Topical drug delivery; Rheumatoid arthritis management; JAK inhibition; 
Site-specific therapy; Controlled drug release; Inflammatory biomarkers 
How to cite this article: Jawarkar A, Makhija M. Novel Baricitinib-Incorporated Nanoemulsion Gel: A Promising 
Topical Strategy For Enhanced Rheumatoid Arthritis Therapy. Int J Drug Deliv Technol. 2026;16(11s): 584-592. 
DOI: 10.25258/ijddt.16.11s.58 
1. Introduction 
Rheumatoid arthritis (RA) is a type of autoimmune 
rheumatic disease that results in chronic inflammation of 
the synovial lining of joints, leading to destruction of 
both cartilage and bone in joints that are affected. The 
estimated prevalence of RA is between 0.5% and 1.0% 
depending on the population studied. The effects of RA 
extend beyond the joints and cause multisystem 
complications including cardiovascular disease, chronic 
fatigue syndrome, blood problems, and osteoporosis, all 
contributing to a diminished quality of life and functional 
ability.(5) 
The pathophysiology is multifactorial and contains 
complex interactions between genetic susceptibility, 
environmental triggers such as cigarette smoke and 

infections, and abnormal immune responses. (6,7) 
Abnormalities in both innate and adaptive immunity 
result in the generation of autoantibodies and the 
continued stimulation of pro-inflammatory pathways 
throughout the synovial compartment of individuals with 
RA. Key pro-inflammatory cytokines, including TNF-a, 
IL-6 and IL-1b, contribute to the development of chronic 
inflammation, hyperplasia of synoviocytes, 
neoangiogenesis (new blood vessels) and bone resorption 
by osteoclasts. 
Modern pharmacotherapy paradigms for rheumatoid 
arthritis include non-steroidal anti-inflammatory drugs 
(NSAIDs), corticosteroid hormones and disease-
modifying antirheumatic pharmaceuticals (DMARDs). 
NSAIDs and glucocorticoids improve symptoms, but do 
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not modify disease and have a high potential for chronic 
toxicity. The most common synthetic DMARDs are 
methotrexate and provide foundational therapy for RA 
patients.(8) However, many patients do not respond 
adequately to synthetic DMARD therapy or experience 
dose dependent side effects. Biologic DMARDs that 
target specific inflammatory mediators have 
revolutionized the treatment of RA, but they present 
challenges in terms of cost, requiring parenteral 
administration, immunogenicity, and increased 
susceptibility to infection. New Janus kinase (JAK) 
inhibitors represent a new class of drugs that interrupt 
intracellular signals following cytokine receptor 
stimulation and lead to broad immune modulatory effects 
via orally bioavailable small molecules. Baricitinib is a 
selective JAK1/JAK2 inhibitor with the ability to 
attenuate therelationship of JAK–STAT signalling 
pathways in order to regulate the inflammatory response 
to cytokines. As a result of these effects, clinical studies 
have demonstrated the effectiveness of baricitinib; 
however systemic administration of the medication is 
associated with several adverse effects such as increased 
risk for infections, liver toxicity, gastrointestinal (GI) 
symptoms and blood abnormalities.(9,10,11) These 
limitations underscore the need for alternative methods 
of drug administration that will achieve targeted 
therapeutic effects while reducing the potential for 
systemic distribution. 
Topical drug delivery systems offer unique advantages 
by providing localized therapeutic action at the site of 
inflammation while minimizing systemic exposure. 
However, the skin's stratum corneum (or outer layer) 
serves as a substantial barrier to penetration of molecules. 
Nanoemulsions are emerging as viable drug carriers that 
can overcome these barriers due somewhat to the small 
diameter of the droplets (sub-micron), improved 
solubilisation of drugs, and easier permeation through the 
skin. By combining nanoemulsions with (and creating) 
gelling polymers, a nanoemulsion gel is formed that 
possesses the combined beneficial elements relating to 
increased drug penetration ability, desirable rheological 
properties, and prolonged retention of the drug on the 
skin resulting in a sustained release of the drug from the 
formulation and enhanced topical benefit.(12,13,) This 
study describes the systematic development, 
optimization, and physicochemical and biological 
evaluation of a Baricitinib-loaded nanoemulsion gel for 
topical management of rheumatoid arthritis. 

2. Materials and Methods 
2.1 Pharmaceutical Materials 
MSN Laboratories Private Limited in Hyderabad, India, 
was the provider of the Baricitinib API. Gattefossé in 
France was the source of specialized lipophilic excipients 
Transcutol® P, Capryol® 90, and Labrafil® M 1944 CS. 
Components of isopropyl myristate, Tween 80 
(polyoxyethylene sorbitan monooleate), and propylene 
glycol were obtained from Loba Chemie Private Limited 
in Mumbai, India. Carbopol® 940, a polyacrylic acid 
polymeric gelling agent, and triethanolamine were used 
to produce the gel matrix. All chemical reagents were of 
analytical grade. 
 
2.2 Equilibrium Solubility Determination 
To conduct saturation solubility profiling, excess 
amounts of baricitinib were placed into different oil 
phases inside hermetically-sealed containers. Each of 
these container mixtures was mechanically agitated 
continuously for a period of 72 hours while also 
maintaining a temperature of 25 degrees Celsius to reach 
chemical/thermodynamic equilibrium. In order to isolate 
each respective sample, after incubating for 72 hours, 
sample solutions were centrifuged at 5000 rpms for 15 
minutes, and filtered through 0.45µm membrane filters. 
After being appropriately diluted based on the sample 
size, the concentration of dissolved drug in each sample 
was determined spectrophotometrically.(14) 
2.3 Surfactant System Selection  
Initial evaluations of surfactants were conducted in a 
systematic fashion to identify the optimum surfactant 
emulsifier(s) to create stable nanoemulsion structures. 
The initial evaluation of surfactants was conducted based 
on criteria such as the surfactants' ability to effectively 
emulsify the system, create optically clear and 
homogeneous systems, and be compatible with the 
selected oil components. Non-ionic surfactants were 
prioritized for formulation because they exhibited lower 
toxicological properties and improved dermal 
compatibility for topical applications. Tween 80 
produced excellent emulsification and created clear and 
stable emulsions; therefore, this surfactant was 
considered the emulsifier of choice. In addition, 
propylene glycol was chosen as the co-surfactant due to 
its ability to reduce interfacial tension and enhance drug 
penetration into the skin (15).  
2.4 Drug-Excipient Interaction Studies  
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The interactions and potential compatibility between the 
active pharmaceutical ingredient (Baricitinib) and 
excipients were evaluated using Fourier Transform 
Infrared spectroscopy (FTIR). Physical mixtures of 
Baricitinib and each excipient were prepared in 
equimolar concentrations. The FTIR spectra from the 
samples were obtained over a wavenumber range of 4000 
cm-1 to 400 cm-1, and the spectra were analysed for 
chemical interactions or incompatibilities between 
Baricitinib and each excipient. 

 
Figure 1: FTIR Spectra for Drug-Excipient 

Compatibility Studies 
The FTIR spectroscopic analysis revealed no significant 
alterations in characteristic absorption bands, confirming 
absence of chemical interactions between Baricitinib and 
formulation excipients, thereby validating compatibility 
for pharmaceutical development.(16) 
2.5 Analytical Method Development 
Baricitinib can be quantitatively determined using UV 
spectrophotometric methodology. To create stock 
solutions, various amounts of the drug were weighed 
accurately then dissolved in methanol. This was followed 
by serial dilutions to create either the calibration standard 
solutions. The maximum wavelength on the spectra for 
sample absorbance was determined while linearity was 
established over a concentration range of 10 µg/mL - 60 
µg/mL. Spectrophotometric analysis of the spectrums 
revealed that the maximum absorbance for Baricitinib 
was at a wavelength of 250 nm. The resulting calibration 
curve has excellent linearity with correlation of 0.9988 
confirming that the analytical method is appropriate for 
accurate quantification during formulation development 
and testing for Baricitinib.(17,18) 

 
Figure 2: UV Spectrophotometric Analysis of 

Baricitinib 
 

2.6 Ternary Phase Mapping 
Aqueous titration was used to construct systematic 
pseudo-ternary phase diagrams. Surfactant and co-
surfactant components were combined in several weight 
ratios - 1:1, 2:1, 3:1 and 1:2. For each composition of 
surfactant mixtures, oil phase and surfactant blend were 
mixed together in several concentrations in addition to 
varying methods of combining water with the previously 
mentioned mixtures methodically, under agitation at 
room temperature. The formulations that showed optical 
clarity and isotropic properties were identified as forming 
regions of nanoemulsions on a triangular coordinate 
system.(19-25) 
2.7 Nanoemulsion Fabrication 
The Baricitinib-loaded nanoemulsion was prepared using 
the spontaneous emulsification method. The baricitinib 
was measured accurately and completely dissolved in the 
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optimized oil phase including Transcutol® P. The 
baricitinib-in-oil mixture was then mixed with the 
optimized surfactant mixture at a 2:1 weight ratio while 
continuously agitated using a magnetic stirring device. 
(26) Distilled water was added slowly to the 
baricitinib/surfactant/Transcutol® P mixture until 
spontaneous formation of a nanoemulsion occurred. 
Final nanoemulsion formulation underwent five to ten 
minutes of probe ultrasonication to achieve optimal 
droplet size reduction and improve system 
homogeneity.(27) 
2.8 Gel Matrix Integration 
To achieve complete polymer chain expansion of 
Carbopol®940 polymeric powder in purified water, it was 
first hydrated overnight.(28) The hydrating dispersion's 
pH was then neutralized with triethanolamine (TEA) to 
create a clear gel base that had the desired viscosity. 
Next, the Baricitinib nanoemulsion was slowly mixed 
into the gel matrix by gentle mechanical means to form a 
homogenous nanoemulsion gel composite. The final 
formulation was equilibrated for 24 hours prior to final 
evaluation.(29) 
2.9 Physicochemical Evaluation 
Thermodynamic stability was evaluated using sequential 
stress-testing methods: temperature cycling (4° to 45° C), 
centrifugation (3500 r/min., 5 minutes) and freeze-thaw 
cycling (5 cycles). Through the dynamic light scattering 
measurements, the size and size distribution 
(polydispersity index) and surface charge (zeta potential) 
of the droplets were determined.(30,31) The pH of the 
solutions was measured using a calibrated digital pH 
meter. The rheological properties of the samples were 
determined by means of a rotational viscometer across a 
range of shear rates. The drug content of the formulations 
was determined by spectrophotometrically following the 
appropriate extraction protocols. 
2.10 In Vitro Release Profiling 
Drug release rate of all studies was measured with Franz-
type diffusion cells with phosphate buffered saline at 
physiological pH 7.4 and 37 degrees Celsius as the 
receiving medium. Semi-permeable dialysis membrane 
barrier material was used to separate the donor and 
receiving compartments. The nanoemulsion gels were 
placed within the donor compartments and samples were 
periodically obtained from the receiving compartments at 
predetermined times out to 12 hours, with volume 
replacement performed to keep sink conditions. The 
samples were quantified spectrophotometrically and the 

cumulative percentage of drug released was calculated. 
The mathematical models utilized for evaluating release 
mechanisms were: zero-order, first-order, Higuchi, and 
Korsmeyer-Peppas.(32) 
 
 
2.11 Biological Efficacy Assessment 
The pharmacological activity of anti-inflammatory 
medicines was evaluated in the formaldehyde-induced 
arthritis model using the Sprague Dawley rodent and in 
accordance with institutional animal care and use 
committee guidelines (approval 
1197/PO/Re/S/08/CCSEA). Following the subcutaneous 
administration of 2% formaldehyde (0.1 ml volume) 
through injection into the subplantar area, experimental 
arthritis was induced in laboratory animals.(33,34) The 
participants in this experiment received topical 
formulations of the tested pharmaceutical agents for 21 
consecutive days and each participant had their paw 
volume measured using precision plethysmography. 
Measurements of serum inflammatory mediators [C-
reactive protein, TNF-alpha (tumour necrosis factor 
alpha) and IL-6/] were performed using an Enzyme 
Linked Immunosorbent Assay (ELISA). Lastly, scores 
for dermal irritation were established using standardized 
Draize tests on an irritation scale.(35) 
3. Results and Discussion 
3.1 Solubility Profiling and Component Selection 
Table 1: Comparative Baricitinib Solubilization 
Across Oil Phases 

Lipophilic Phase Solubility 
(mg/mL) 

Transcutol® P 18.1 ± 1.1 
Capryol® 90 15.2 ± 0.8 

Labrafil® M 1944 CS 12.5 ± 0.7 
Isopropyl Myristate 5.9 ± 0.3 

Transcutol® P has significantly better dissolving abilities 
among evaluated lipophilic vehicles, with solutions able 
to dissolve up to 18.1 mg of drug per milliliter of solution. 
Due to its very strong solubility characteristics as well as 
its enhanced ability to penetrate through the skin, 
Transcutol will be identified as the best lipophilic vehicle 
for making an emulsion using a moderate lipophylic 
pharmacologically active substance.(36,37) The ability 
of the drug to have a high degree of solubility in the oil 
part of the emulsion is important, as it will help to provide 
higher drug loading capabilities and reduce the risk of the 
drug settling out of the solution over long storage periods. 
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Therefore, Transcutol® P will be selected as the best 
lipophilic phase for future development of formulations. 
3.2 Phase Behavior Characterization 
Table 2: Surfactant Mixture Ratio Influence on 
Nanoemulsion Formation 

Smix Ratio (Tween 80:PG) Nanoemulsion 
Zone 

1:1 Moderate 
2:1 Extensive 
3:1 Limited 
1:2 Highly 

Restricted 
The largest area of nanoemulsions occurred using the 2:1 
surfactant–co-surfactant system, which represented the 
optimal balance between the flexibility of the interfacial 
film and how well they worked together to create an 
emulsion. The 2:1 system also supported high 
concentrations of oil in the emulsion without requiring 
excessive addition of water to reach a clear emulsion, 
which means that there is an opportunity for greater 
amounts of drug in a preparation with the 2:1 system.(38) 

 

 
Figure 3: Pseudo-Ternary Phase Diagrams at 
Different Smix Ratios 

Distinct regions of nanoemulsification exist across 
surfactant/co-surfactant ratios using pseudo-ternary 
phase diagrams, as evidenced by the widened blue points 
for nanoemulsion regions in the 2:1 surfactant/co-
surfactant ratio, thereby supporting its selection as the 
most appropriate ratio for formulation design, due to the 
highest level of oil incorporation with least amount of 
water needed to produce a concurrent composition.(39) 
3.3 Formulation Refinement 
Table 3: Physicochemical Attributes of Nanoemulsion 
Formulations 

Batc
h 

Oil 
(%) 

Smix 
(%) 

Diamete
r (nm) 

PDI ζ-
potenti

al 
(mV) 

F1 15 40 >250 >0.3
5 

−18.6 

F4 30 55 186.4 ± 
4.2 

0.24
1 

−31.4 

Formulation F4 exhibited a small droplet size, low 
polydispersity index, and high negative zeta potential, 
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indicating good homogeneity and physical stability. (40-
45) 

 

 
Figure 4: Nanoemulsion Characterization 

Dynamic light scattering results demonstrated that 
formulation F4 had a consistent particle size with a mean 
size of 186.4 nm and a zeta potential of −31.4 mV which 
indicates adequate colloidal stability.. Scanning electron 
micrographs showed that the nanoemulsion droplets were 
spherical in shape and had a uniform size distribution 
providing further evidence of a successful formulation. 
(47) 
 
3.4 Nanoemulsion Gel Characterization 
Table 4: Critical Quality Attributes of Optimized 
Nanoemulsion Gel 

Parameter Observed Value 
Hydrogen Ion Concentration 
(pH) 

6.18 ± 0.04 

Apparent Viscosity at 5 rpm 
(cP) 

21,860 

Spreadability Coefficient 
(g·cm/sec) 

19.6 ± 0.8 

Drug Content Uniformity (%) 98.2 ± 1.4 
The nanoemulsion gel that we produced appeared to have 
physiologically compatible pH values close to neutrality, 
as well as pseudoplastic flow characteristics that resulted 
in a decrease in viscosity with increasing shearing forces 
(i.e., shear thinning).(48,49) In addition to these 
properties, the gel also demonstrated positive 
spreadability and uniform distribution of drugs 
throughout the matrix. Together, these characteristics 

support the use of the gel for dermally compatible, easy-
to-apply, stable (e.g., on the shelf) products with 
predictable therapeutic effects. 
3.5 Drug Liberation Kinetics 

 
Figure 5: Comparative in Vitro Drug Release Profile 
 
 
Table 5: Mathematical Release Modeling Analysis 

Mathematical Model Correlation 
Coefficient (R²) 

Zero-Order Kinetics 0.921 
First-Order Kinetics 0.904 
Higuchi Square Root Model 0.963 
Korsmeyer–Peppas Power Law 0.991 (n = 0.62) 

The comparative release profiles presented here show 
that the nanoemulgel has sustained drug release rates 
while the nanoemulsion provides more rapid drug 
release; this occurs because the gel matrix acts as a 
diffusion barrier.(50) The release was best described by 
the Korsmeyer-Peppas model, yielding a high correlation 
coefficient (R²=0.991) with the release exponent (n) of 
0.62 which suggests that the release occurred through a 
process involving both coupled diffusive transport and 
polymeric chain relaxation, regardless of whether 
Fickian or non-Fickian in nature.(51,52) 
4. Conclusion 
The comprehensive research resulted in the successful 
engineering/validation of a new formulation of a 
nanoemulsion gel system using Baricitinib for 
percutaneous administration to treat RA. This 
formulation was optimized for architecture (<1 micron), 
physicochemical properties, sustained release of the 
drug, Therefore, this nanoemulsion gel system developed 
is an exciting alternative to delivering Baricitinib orally 
that may improve RA treatment outcome with reduced 
systemic adverse events and improved patient 
compliance with therapy. 
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