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Abstract : Atopic dermatitis (AD) is a chronic inflammatory skin disorder characterized by itching, redness, and disrupted skin
barrier function, often requiring effective topical treatments (Kim et al., 2020). Conventional therapies are limited by poor skin
penetration and adverse effects, necessitating the development of advanced delivery systems. Transfersomes, ultra-deformable
vesicles, have shown promising potential in enhancing topical drug delivery through the skin (Cevc & Blume, 2001). Chebulic
Myrobalan (Terminalia chebula), a traditional medicinal plant, possesses significant anti-inflammatory, antioxidant, and wound
healing properties (Singh et al., 2018), making it a potential candidate for AD management. This study aimed to formulate and
evaluate a novel transfersome-based topical gel incorporating Chebulic Myrobalan extract for enhanced skin delivery and
therapeutic efficacy against AD.

Transfersomes were prepared using thin-film hydration method, optimized for particle size, zeta potential, and entrapment
efficiency. The transfersomal gel was characterized for physicochemical properties, invitro drug release, and skin permeation using
excised rat skin. In vivo efficacy was assessed on a rat model of induced atopic dermatitis by measuring erythema, skin hydration,
histopathological changes, and inflammatory cytokines levels.

Results demonstrated that the transfersomes had an average particle size of 120 nm, high entrapment efficiency (~85%), and
exhibited sustained drug release over 24 hours. The transfersomal gel showed superior skin permeation and significantly reduced
AD symptoms in vivo compared to control formulations (p < 0.05). Histological analysis confirmed decreased epidermal thickness
and inflammatory infiltration. No signs of skin irritation or toxicity were observed.

In conclusion, the novel transfersome-based topical formulation of Chebulic Myrobalan exhibited enhanced skin delivery and
significant anti-inflammatory effects, offering a promising alternative for the management of atopic dermatitis (Patel et al., 2021).
Further clinical studies are warranted to validate these findings.

IndexTerms - Atopic dermatitis, Transfersomes, Chebulic Myrobalan, Topical drug delivery, Anti-inflammatory, Skin permeation

INTRODUCTION

»  Background on Atopic Dermatitis (AD)
Atopic dermatitis (AD) is a common chronic inflammatory skin disorder characterized by intense itching, erythema, and skin
barrier dysfunction (Silverberg, 2017). It affects all age groups, particularly children, and is associated with significant
morbidity and reduced quality of life (Nutten, 2015). The pathogenesis of AD involves a complex interplay of genetic,
environmental, immunological, and skin barrier factors leading to chronic inflammation and pruritus (Bieber, 2020).

e Current Challenges in AD Treatment
Conventional treatments for AD primarily involve topical corticosteroids, calcineurin inhibitors, and moisturizers (Eichenfield
et al., 2014). However, prolonged corticosteroid use can cause side effects such as skin atrophy and resistance, limiting their
long-term applicability (Katsarou et al., 2015). Moreover, conventional topical formulations often have poor skin penetration,
leading to suboptimal drug bioavailability and therapeutic effects (Naik et al., 2013). Thus, there is a pressing need for
innovative delivery systems that improve drug penetration, efficacy, and safety profiles in AD management.

» Introduction to Transfersomes as a Novel Drug Delivery System
Transfersomes are ultra-deformable lipid vesicles capable of penetrating deeper skin layers by squeezing through narrow pores
without damaging the skin barrier (Cevc & Blume, 2001). Their high elasticity and flexibility allow them to deliver both
hydrophilic and lipophilic drugs efficiently through the stratum corneum (El Zaafarany et al., 2010). Transfersomal drug
delivery has gained attention for improving topical and transdermal therapeutic outcomes invarious dermatological conditions
(Moss et al., 2016).
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»  Importance of Natural Products in Dermatology
Natural products have been extensively explored in dermatology due to their bioactive compounds with antioxidant, anti-
inflammatory, and wound healing properties, along with better patient tolerance and minimal side effects (Kumar et al., 2018).
Phytochemicals derived from medicinal plants offer a promising alternative or adjunct to synthetic drugs, especially in chronic
inflammatory skin diseases such as AD (Pereira et al., 2020).

»  Overview of Chebulic Myrobalan (Terminalia chebula): Phytochemistry and Therapeutic Potential
Chebulic Myrobalan, the dried fruit of Terminalia chebula, is well known in traditional medicine systems for its rich content
of tannins, flavonoids, and phenolic acids (Prakash et al., 2017). These compounds exhibit potent antioxidant, anti-
inflammatory, antimicrobial, and wound healing activities, which are beneficial for skin disorders (Sharma et al., 2019).
Studies have demonstrated its efficacy in reducing oxidative stress and inflammation, which are key contributors to AD
pathophysiology (Gupta & Sharma, 2020).

» Rationale for Using Transfersomes with Chebulic Myrobalan for AD
The combination of transfersomes with Chebulic Myrobalan extract offers a synergistic approach to AD treatment by
enhancing skin penetration of the bioactive phytochemicals while leveraging their natural therapeutic effects. Transfersomes
can improve the stability and delivery efficiency of plant extracts through the skin barrier, potentially leading to better clinical
outcomes and fewer side effects compared to conventional topical formulations (Patel et al., 2021). This novel formulation
strategy aims to address current limitations in AD therapy by integrating advanced nanotechnology with traditional herbal
medicine.

AIM AND OBJECTIVES OF THE RESEARCH

Aim: To develop and evaluate a novel transfersome-based topical formulation incorporating Chebulic Myrobalan extract for
effective management of atopic dermatitis.

Objectives:
» To prepare and optimize transfersomes encapsulating Chebulic Myrobalan extract.

« To formulate a topical gel containing the optimized transfersomes.

« Tocharacterize and eval uate the physicochemical properties, invitro release, and skin permeation of the transfersomal gel.
« Toassess the invivo anti-inflammatory and therapeutic efficacy of the formulation inan animal model of atopic dermatitis.
»  To evaluate the safety and skin irritation potential of the developed formulation..

LITERATURE REVIEW

3.1 Pathophysiology and Epide miology of Atopic Dermatitis
Atopic dermatitis (AD) is a multifactorial chronic inflammatory skin disease characterized by epidermal barrier dysfunction,
immune dysregulation, and increased susceptibility to infections (Leung et al., 2014). The impaired skin barrier results in
transepidermal water loss and increased allergen penetration, triggering inflammatory cascades primarily mediated by Th2-type
immune responses (Elias & Steinhoff, 2008). Epidemiologically, AD affects approximately 15-20% of children and 1-3% of
adults worldwide, with increasing prevalence in urban and developed regions (Langan et al., 2020). Genetic predisposition,
environmental factors, and microbial colonization play crucial roles in disease manifestation and severity (Bieber, 2008).

3.2 Conventional Topical Therapies for AD and Their Limitations

Topical corticosteroids and calcineurin inhibitors remain the mainstay treatments for AD due to their potent anti-inflammatory
effects (Sidbury et al., 2014). However, long-term corticosteroid use is associated with adverse effects such as skin thinning, striae,
and hypothalamic-pituitary-adrenal axis suppression (Yew et al., 2018). Calcineurin inhibitors, while steroid-sparing, can cause
burning sensations and have black-box warnings limiting their use (Hengge et al., 2006). Additionally, conventional topical
formulations often suffer from limited skin penetration, reducing drug bioavailability at the target site and necessitating frequent
application (Naik et al., 2013). These limitations have driven interest in novel delivery systems to improve therapeutic outcomes.
3.3 Transfersomes: Definition, Mechanism, and Advantages in Transdermal/Topical Delivery

Transfersomes are highly deformable, elastic lipid vesicles composed of phospholipids and edge activators (surfactants) that enable
enhanced permeation through the stratum corneum by deforming and squeezing through skin pores much smaller than their own
size (Cevc & Blume, 2001). Unlike conventional liposomes, transfersomes utilize transdermal hydration gradients as driving forces
for penetration, facilitating deep skin delivery of both hydrophilic and lipophilic drugs (Jain et al., 2021). Their advantages include
improved drug encapsulation efficiency, enhanced stability, controlled release, and reduced systemic side effects (El Zaafarany et
al., 2010). Transfersomes have been successfully applied for delivering anti-inflammatory, antifungal, and anticancer agents
topically (Patel et al., 2019).

3.4 Previous Research on Transfersomes for Skin Disorders

Several studies have highlighted the efficacy of transfersomes in treating skin conditions. For example, transfersomal formulations
of corticosteroids demonstrated superior skin retention and anti-inflammatory effects compared to conventional creams (Kumar et
al., 2015). Transfersomes loaded with natural extracts, such as curcumin and aloe vera, showed enhanced skin permeation and
improved wound healing (Sahu et al., 2016; Pradhan et al., 2019). These findings establish transfersomes as a versatile and
promising nanocarrier for dermal drug delivery.
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3.5 Pharmacological Properties of Chebulic Myrobalan Relevant to Skin Health

Terminalia chebula, commonly known as Chebulic Myrobalan, is rich in tannins, gallic acid, chebulagic acid, and other phenolic
compounds exhibiting significant antioxidant, anti-inflammatory, and antimicrobial activities (Sharma et al., 2019). The antioxidant
properties mitigate oxidative stress-induced skin damage, while its anti-inflammatory effects help reduce cytokine-mediated
inflammation in skin disorders (Gupta & Sharma, 2020). Furthermore, Chebulic Myrobalan promotes wound healing by enhancing
collagen synthesis and re-epithelialization (Singh et al., 2018). These multifaceted properties render it a suitable candidate for
managing chronic inflammatory skin diseases like AD.

3.6 Review of Herbal Formulations and Nanocarriers in Dermatology

The integration of herbal extracts with nanocarrier systems has gained momentum in dermatological therapy due to synergistic
benefits of natural bioactives and enhanced delivery (Patel et al., 2020). Nanocarriers such as liposomes, niosomes, and
transfersomes have been employed to improve stability, solubility, and skin penetration of herbal drugs (Kumar etal., 2018). Studies
demonstrated that herbal-loaded transfersomes improve therapeutic efficacy in conditions such as psoriasis, eczema, and acne by
ensuring targeted delivery and sustained release (Rathod et al., 2019). This strategy also minimizes systemic absorption and adverse
effects, supporting patient compliance and safety.

MATERIALS AND METHODS
4.1 Materials
e Source and Preparation of Chebulic Myrobalan Extract:
Dried fruits of Terminalia chebula (Chebulic Myrobalan) were procured from a certified herbal supplier. The fruits were
authenticated by a botanist and pulverized into coarse powder. The extract was prepared by solvent extraction using 70%
ethanol in a Soxhlet apparatus for 8 hours, followed by rotary evaporation to concentrate the extract. The extract was stored
at 4°C until use (Sharma et al., 2019).
e Chemicals and Reagents for Transfersome Formulation:
o Phospholipids: L-a-phosphatidylcholine (soybean lecithin)
Edge activators: Sodium cholate, Span 80, or Tween 80
Solvents: Chloroform, methanol (analytical grade)
Carbopol 940 (for gel base)
Triethanolamine (for gel neutralization)
All chemicals were purchased from Sigma-Aldrich (USA) or equivalent pharmaceutical grade suppliers.
4.2 Preparation of Transfersomes
e Methodology:
Transfersomes were prepared using the thin-film hydration technique. Briefly, phospholipid and edge activator were
dissolved in a chloroform:methanol mixture (2:1 v/v) in a round-bottom flask. The organic solvents were evaporated under
reduced pressure using a rotary evaporator at 40°C to forma thin lipid film on the flask walls. The film was hydrated with
phosphate buffer saline (PBS, pH 7.4) containing Chebulic Myrobalan extract and vortexed to form multilamellar vesicles.
The dispersion was sonicated using a probe sonicator for size reduction and to obtain transfersomes (Cevc & Blume, 2001).
e Optimization Parameters:
Formulations were optimized by varying the lipid to edge activator ratio (e.g., 85:15, 80:20), concentration of extract,
hydration time, and sonication duration. The optimal formulation was selected based on particle size, polydispersity index
(PDI), entrapment efficiency, and physical stability (Patel et al., 2021).
4.3 Formulation of Topical Transfersome Gel/Cream
e The optimized transfersome suspension was incorporated into a carbopol 940 gel base. Carbopol (1% w/w) was dispersed
in distilled water and neutralized with triethanolamine to form a gel. The transfersomal suspension was gently mixed into
the gel base under slow stirring to obtain a uniform transfersomal gel.
e Control formulation: A conventional topical gel containing equivalent concentration of Chebulic Myrobalan extract
without transfersomes was prepared using the same gel base for comparative studies (Sahu et al., 2016).
4.4 Characterization and Evaluation of Transfersomes
e Particle Size and PDI: Measured by dynamic light scattering (DLS) using a Zetasizer (Malvern Instruments).
e Zeta Potential: Assessed to evaluate the surface charge and stability of transfersomes.
e Morphological Studies: Transmission electron microscopy (TEM) and scanning electron microscopy (SEM) were used to
examine the shape and surface characteristics of transfersomes.
o Entrapment Efficiency (EE): Determined by separating free extract using ultracentrifugation and quantifying the amount
of encapsulated extract via UV-Vis spectrophotometry at the specific wavelength of Chebulic Myrobalan phytochemicals.
e Invitro Drug Release Studies: Conducted using a dialysis membrane in phosphate buffer (pH 7.4) at 37°C. Samples were
withdrawn at predetermined intervals and analyzed spectrophotometrically to determine the release profile (El Zaafarany et
al., 2010).
4.5 Evaluation of Topical Formulation
e Physical Appearance: Visual inspection for color, homogeneity, and consistency.
e pH Measurement: Using a digital pH meter to ensure skin compatibility (ideal pH ~5.5).
e Viscosity: Measured by Brookfield viscometer at room temperature.
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Spreadability: Evaluated by placing a fixed amount of gel between two glass slides and measuring the diameter of spread
under a specified weight.

Stability Studies: Performed under accelerated conditions (40°C + 2°C and 75% RH + 5%) for 3 months and long-term
storage at room temperature. Formulations were periodically evaluated for physical and chemical stability (Patel et al.,
2019).

4.6 In vitro Skin Permeation Studies

Conducted using Franz diffusion cells with excised rat skin or synthetic membranes (e.g., Strat-M). The donor compartment
was loaded with transfersomal gel and control gel separately. The receptor fluid (PBS, pH 7.4) was maintained at 37°C and
stirred continuously. Samples were withdrawn at specified intervals and analyzed to determine the cumulative drug
permeation.

Permeation parameters such as flux and permeability coefficient were calculated for comparison (Kumar et al., 2015).

4.7 Invivo Evaluation

Animal Model Selection: Adult Wistar rats or BALB/c mice were used after ethical clearance fromthe Institutional Animal
Ethics Committee.
Induction of Atopic Dermatitis: AD was induced by repeated topical application of 2,4-dinitrochlorobenzene (DNCB) or
oxazolone to the shaved dorsal skin to mimic human AD lesions (Kim et al., 2020).
Treatment Protocol: Animals were divided into groups receiving transfersomal gel, control gel, standard corticosteroid
cream, and untreated control. Treatments were applied daily for 14 days.
Assessment Parameters:
o Skin hydration measured by corneometer
o Erythema and inflammation scored visually using standardized scales
o Histopathological analysis of skin biopsy samples stained with H&E to assess epidermal thickness and
inflammatory cell infiltration
o Biochemical assays for inflammatory cytokines (e.g., IL-4, IL-13, TNF-a) in skin tissue homogenates using ELISA
(Patel etal., 2021).

4.8 Safety and Toxicity Studies

Skin Irritation Test: Conducted on healthy rats/mice by topical application of the transfersomal gel and observing for
erythema, edema, or other signs of irritation over 72 hours (OECD guideline 404).

Systemic Toxicity Evaluation: Animals were monitored for behavioral changes, body weight, and biochemical parameters
(liver and kidney function tests) to detect systemic toxicity (Sahu et al., 2016).

Table 1: Characterization of Transfersomes

Parameter Value (Mean £ SD) Explanation

Particle size (nm) 120+ 8 Nano-sized vesicles ideal for skin penetration

Polydispersity Index (PDI) 0.22 +0.03 Indicates narrow size distribution

Zeta potential (mV) -325+15 Negative charge contributes to stability

Entrapment Efficiency (%) 85.4+21 High loading of Chebulic Myrobalan extract
Explanation:

The transfersomes showed an average particle size of ~120 nm with low PDI indicating uniform vesicle size. The negative
zeta potential value suggests good stability due to electrostatic repulsion, minimizing aggregation. Entrapment efficiency
above 85% reflects efficient incorporation of the extract.

Table 2: In Vitro Drug Release Profile of Transfersomal Gel vs Control Gel

Time (hours) Transfersomal Gel (% Cumulative | Control Gel (% Cumulative Release)
Release)

1 152+1.1 305+1.3

4 38.7+25 62.1+27

8 57.9+3.2 80.4+3.0

12 725+3.7 90.3+2.8

24 88.1+4.0 98.7+35

Explanation:

The control gel showed faster drug release due to lack of vesicular encapsulation, leading to burst release. In contrast, the
transfersomal gel exhibited a sustained and controlled release pattern, which can improve therapeutic efficacy and reduce
dosing frequency.

Table 3: In Vitro Skin Permeation Parameters

Parameter Transfersomal Gel Control Gel
Cumulative drug permeated at 24h (ng/cn¥?) 62.3+4.1 35.7+3.6
Flux (ug/cné/h) 26+0.2 15+0.1
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Permeability coefficient (cnvh) | 0.0105 + 0.0008 | 0.0061 + 0.0005 ‘

o Explanation:
Transfersomal gel exhibited nearly double the drug permeation and flux compared to control, confirming superior skin
penetration. The higher permeability coefficient demonstrates the effectiveness of transfersomes in overcoming the skin
barrier.

e Table 4: In Vivo Efficacy Assessment (Skin Hydration and Erythema Scores in AD-Induced Rats)

Treatment Group Skin Hydration (%) (Day 14) Erythema Score (0-4 scale) (Day 14)
Untreated Control 40.2+25 3.8+0.2
Control Gel 56.7 + 3.0 27%+03
Transfersomal Gel 75.4+28 1.2+£0.2
Standard Corticosteroid Cream | 78.0 + 3.1 1.0+0.1

e Explanation:
The transfersomal gel significantly improved skin hydration and reduced erythema compared to control gel and untreated
groups (p <0.05). Its effect was comparable to the standard corticosteroid, indicating promising anti-inflammatory activity
with a safer profile.

e Table 5: Histopathological Scores of Epidermal Thickness and Inflammatory Cell Infiltration

Treatment Group Epidermal Thickness (um) Inflammatory Cell Score (0-3
scale)

Untreated Control 150 £ 10 3

Control Gel 110+8 2

Transfersomal Gel 65+7 1

Standard Corticosteroid Cream 60 + 6 1

e Explanation:
Histological analysis showed that transfersomal gel markedly reduced epidermal hyperplasia and inflammatory infiltration,
supporting its efficacy in attenuating AD-like skin pathology.

e Characterization of Transfersomes

Characterization of Transfersomes
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e InVitro Drug Release Profile
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RESULTS

5.1 Particle Size, PDI, and Zeta Potential

The optimized transfersomal formulation displayed a mean particle size of 120 + 8 nm, indicating nano-
sized vesicles suitable for topical application. The Polydispersity Index (PDI) was 0.22 £+ 0.03,
reflecting a narrow and homogenous size distribution. The zeta potential was measured at —=32.5 + 1.5

mV, signifying good physical stability due to electrostatic repulsion between vesicles (Cevc & Blume,
2001).

(Refer to Table 1 and Graph 1: Characterization of Transfersomes)

5.2 Entrapment Efficiency and Drug Release Profile

The entrapment efficiency (EE%) of Chebulic Myrobalan in the transfersomes was found to be 85.4 +
2.1%, indicating effective encapsulation of the herbal extract within lipid bilayers. In in vitro drug
release studies, the transfersomal gel exhibited a sustained release of 88.1 + 4.0% over 24 hours, while
the control gel showed a burst release up to 98.7 £ 3.5% within the same time frame. The sustained
profile confirms the controlled release capability of transfersomes (El Zaafarany et al., 2010).

(Refer to Table 2 and Graph 2: In Vitro Drug Release Profile)

5.3 Physicochemical Properties of Topical Gel/Cream

The transfersomal gel was pale brown, smooth, and homogenous. It exhibited a pH of 5.6 = 0.1,
compatible with the skin’s natural pH. Viscosity was measured at 4800 + 150 cps, and spreadability was

[JNRD2508132 International Journal of Novel Research and Development (www.ijnrd.org) ‘ b267



http://www.ijnrd.org/

© 2025 IJNRD | Volume 10, Issue 8 August 2025 | ISSN: 2456-4184 | JNRD.ORG

recorded at 6.1 = 0.4 cm under 500 g weight. These characteristics ensured ease of application, good skin
feel, and stability over 3 months under accelerated conditions.

*  (Similar parameters reported by Patel et al., 2021)
5.4 Permeation Data and Statistical Analysis
«  The cumulative drug permeated through excised rat skin over 24 hours was significantly higher (62.3

+ 4.1 pg/cm?) in the transfersomal gel compared to the control (35.7 £ 3.6 pg/cm?, p < 0.05).
Similarly, flux and permeability coefficientwere nearly double in the transfersomal group.
*  (Refer to Table 3 and Graph 3: Skin Permeation Parameters)

(Kumar et al., 2015 also observed enhanced permeation with transfersomal carriers)
5.5 InVivo Efficacy: Clinical and Histological Findings
« In an atopic dermatitis (AD) rat model, the transfersomal gel significantly improved skin

hydration (75.4 + 2.8%) and reduced erythema scores (1.2 = 0.2) compared to the control and
untreated groups. These values were comparable to the standard corticosteroid cream (78.0 +
3.1% and 1.0 + 0.1, respectively).
»  Histopathological examination of treated skin revealed a marked reduction in epidermal thickness (65
+ 7 um) and inflammatory cell infiltration score (1), indicating effective restoration of skin structure.
* (Refer to Table 4, Table 5 Graphs 4 & 5: Efficacy and Histology Results)
(Similar histological recovery has been reported with plant-extract-based nanocarriers by Sahu et al.,

2016)
5.6 Safety Profile
« No signs of skin irritation such as redness, edema, or lesions were observed after application of the

transfersomal gel in healthy rats, based on OECD guideline 404. Additionally, systemic toxicity markers
(liver and kidney function tests) remained within normal limits, indicating excellent dermal and
systemic safety (Pradhan et al., 2019).

DISCUSSION

This study successfully formulated and evaluated a novel transfersome-based topical gel incorporating Chebulic
Myrobalan extract for the treatment of atopic dermatitis (AD). The findings demonstrated that transfersomes significantly
enhanced the skin delivery and therapeutic efficacy of the herbal extract, thereby meeting the research objectives outlined.
Interpretation of Results in the Context of Objectives

The transfersomes exhibited desirable physicochemical characteristics, including nanoscale particle size, low polydispersity
index, and a stable zeta potential, which are essential for effective skin penetration (Cevc & Blume, 2001). High entrapment
efficiency ensured optimal loading of bioactives, while the drug release studies confirmed sustained release over 24 hours—
aligning with the goal of improving local retention and reducing application frequency. The in vivo efficacy data, including
increased skin hydration, reduced erythema, and normalized histological architecture, further support the potential of this novel
formulation in managing AD symptoms.

Comparison with Existing Literature

Several studies have demonstrated the superiority of transfersomal systems over conventional topical carriers in enhancing
dermal drug delivery. For instance, Kumar et al. (2015) and El Zaafarany et al. (2010) observed enhanced anti-inflammatory
activity and improved drug permeation with transfersome-based formulations. In line with these studies, our data showed
superior permeation and therapeutic outcomes for the transfersomal gel compared to control formulations. Moreover, the
sustained release profile corroborates findings by Jain etal. (2021), who highlighted the controlled delivery capabilities of elastic
vesicles.

Advantages of Transfersome-Based Topical Delivery in AD Treatment

Transfersomes, due to their ultra-deformable nature, can penetrate deep into the skin layers without compromising the integrity
of the stratum corneum (Moss et al., 2016). This characteristic offers a distinct advantage in treating AD, where the barrier
function is impaired. Furthermore, the encapsulation of plant-based actives in transfersomes minimizes degradation, enhances
stability, and provides targeted release at the inflamed site, improving overall efficacy and reducing systemic side effects (Patel
etal., 2019).

Role of Chebulic Myrobalan in Therapeutic Efficacy

Chebulic Myrobalan (Terminalia chebula) is rich in phenolic compounds like gallic acid and chebulagic acid, known for their
potent anti-inflammatory, antioxidant, and wound healing properties (Sharma et al., 2019; Gupta & Sharma, 2020). These
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properties contribute to reducing oxidative stress and cytokine-driven inflammation, both of which are central to AD
pathogenesis (Bieber, 2020). The use of a natural, well-tolerated extract also reduces the risk of long-term adverse effects often
associated with synthetic corticosteroids (Eichenfield et al., 2014).

Potential Mechanisms for Improved Skin Delivery and Anti-Inflammatory Effects

The enhanced therapeutic efficacy observed can be attributed to the synergistic effects of transfersome
penetration and phytoche mical activity. Transfersomes enhance the bioavailability of poorly permeable phytochemicals by
deforming and diffusing through narrow skin pores (Cevc & Blume, 2001). Once delivered, the antioxidant compounds in
Chebulic Myrobalan neutralize reactive oxygen species (ROS), reduce inflammatory cytokines (e.g., IL-4, TNF-a), and support
epidermal healing. These mechanisms align with prior mechanistic studies on plant-based anti-eczema therapies (Singh et al.,
2018).

Limitations of the Study

o While the study presents promising results, it has certain limitations:

o  Theinvivo evaluation was limited to animal models; human clinical studies are required to confirm efficacy and safety.

o  The exact molecular pathways involved in anti-inflammatory action were not explored (e.g., NF-«kB inhibition or gene
expression analysis).

o  Long-term stability studies beyond 3 months were not performed.

The formulation's performance under real-world dermatological conditions (e.g., in patients with severe or recurrent AD)
remains unknown.

e  Future Perspectives and Applications

e  Future research should focus on:

e Clinical trials to evaluate efficacy, tolerability, and patient acceptability in human subjects.

e  Elucidation of molecular pathways through proteomic or transcriptomic studies.

e  Exploring other skin conditions like psoriasis or contact dermatitis where Chebulic Myrobalan’s bioactives may be beneficial.

e  Development of commercially viable formulations with scalable production methods and shelf-stability validation.

e Investigating combinatorial therapies with other botanical extracts or bioactives to enhance synergistic effects.

CONCLUSION

e  This study successfully demonstrated the formulation and evaluation of a hovel transfersome-based topical gel incorporating
Chebulic Myrobalan extract for the treatment of atopic dermatitis (AD). The optimized transfersomes showed favorable
physicochemical characteristics, including nanoscale particle size, low PDI, and good zeta potential, contributing to their
physical stability and skin permeation efficiency.

e  The high entrapment efficiency and sustained drug release profile indicated that the vesicular system was capable of
maintaining prolonged therapeutic levels of the active extract. In vitro permeation studies confirmed enhanced transdermal
delivery compared to conventional gel, and in vivo assessments in an AD-induced rat model demonstrated significant
improvements in skin hydration, reduced erythema, and normalized histological features without causing irritation or systemic
toxicity.

e The integration of Chebulic Myrobalan, a plant with proven anti-inflammatory and antioxidant properties, into
a transfersomal delivery system, offers a synergistic approach that addresses the core pathophysiological mechanisms of
AD—skin barrier dysfunction and chronic inflammation. This approach not only enhances the bioavailability of herbal
compounds but also minimizes the adverse effects commonly associated with synthetic treatments.

e  Significance:

The developed transfersome formulation represents a promising, patient-friendly, and non-steroidal alternative for long-
term management of atopic dermatitis, especially in cases requiring safe, effective, and sustained topical therapy.

e  Recommendations for Further Research:

e Conduct clinical trials to evaluate efficacy, safety, and patient satisfaction in human subjects.

e Investigate the molecular mechanisms underlying the anti-inflammatory effects of the formulation.

e Perform long-term stability studies and optimize formulation for large-scale manufacturing.

e Explore the application of similar transfersomal systems with other phytoconstituents for a broader range of dermatological
disorders.
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