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ABSTRACT

Objective: The objective of this research was to develop a nanoemulsion of lavender oil (LO) and evaluate its physico,
effects of LO relevant to psoriasis were also determined on stimulated human keratinocyte (HaCaT) cells by evaluat
microbial potential, and alterations in the levels of pro-inflammatory markers.

polydispersity index (PDI) of 0.174+0.001. The formulation was evaluated for anti-oxidant
stimulated HaCaT cells and its effect on pro-inflammatory cytokine expression.

Results: The developed LO nanoemulsion demonstrated measurable radical scavenging activ
Staphylococcus aureus. Batch A3 showed high cytotoxicity in stimulated HaCaT cells w
7.843+0.029 pl**/ml for dithranol. Additionally, the formulation reduced the expression @
22) by 29%.

Conclusion: The findings indicate that the LO nanoemulsion exhibits in vitro anti-
conditions, including oxidative stress, microbial activity, and inflammatory mediat: g
quired to establish its therapeutic relevance.
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INTRODUCTION

Psoriasis is a self-amplifying immune system disorder, r iblegfor chronic skin inflammation, affecting approximately 2-3% of the global
population, and 0.51% of children all round. It is ch. e by Miyperproliferation of keratinocytes, abnormal differentiation of the epidermis
and excessive inflammatory manifestation that clini erythematous, scaly plaques on the head (scalp), knees, elbows, and the lower
back. It significantly impacts quality of life, and e situations, the disease could be accompanied by comorbidities in the form of psoriatic

arthritis, heart complications, as well as me i ]. Psoriasis pathophysiology is complex and includes factors of hereditary tendency,
environmental aspects (e. g, stress, infe d the immune system imbalance. Activation of T-helper (Th1/Th2/Th17) immune
pathways plays a central role in disease and increases the expression of proinflammatory cytokines. The Th17 type of helper T-cells are
majorly responsible for the synthe of i n-17 (IL-17) and interleukin-22 (IL-22) [3, 4]. When IL-17 reaches the Kkeratinocytes,
proinflammatory facilitators such as -a, IL-6), chemokines (CXCL1, CCL20) and antimicrobial peptides (B-defensins) are produced,

mediated inflammation and —22 ind ed epldermal remodellmg confirms a self- ampllfymg loop amongst keratmocytes and i immune cells [5 7].
The existing treatment_com
ssociated with adverse effects like skin atrophy, systemic toxicity, and drug efficacy diminution due to long-

term usage48]. ighli the need to adopt safer, more effective, and skin-targeted treatment strategies, particularly for patients with mild-to-
moderat

Lavi n as lavender oil (LO), is a familiar herbal oil in traditional medication which has a great abundance of bioactive
cons i lool and linalyl acetate. It has strong anti-inflammatory, antimicrobial, antioxidant, and wound-healing activities. In a study by

al. [9] the effect of both linalool and linalyl acetate, the significant elements of LO showed results in the imiquimod-induced
t studies have demonstrated the anti-inflammatory and anti-oxidant potential, and is therefore potentially a good candidate
drug in the levelling out of the immune response in skin disorders like eczema and psoriasis [10, 11]. The major phytoconstituents of LO,
particularly linalool and linalyl acetate, are known to modulate several molecular pathways implicated in psoriasis. Linalool has been reported to
suppress the excessive production of proinflammatory cytokines, for example, TNF-q, IL-17, and IL-22 by preventing the stimulation of the NF-kf3
signalling cascade, thereby reducing keratinocyte hyperproliferation and inflammatory cell infiltration. Similarly, linalyl acetate exhibits antioxidant
potential through enhancement of endogenous enzymatic defences like superoxide dismutase and catalase, mitigating oxidative stress that
contributes to epidermal damage in psoriatic lesions. These combined effects may help restore epidermal homeostasis and improve barrier function
in psoriatic skin [12, 13]. Moreover, it can be used against micro-organisms, which can decrease the possibilities of secondary infections by the
lesions of psoriasis [14]. The therapeutic use of LO, however, is hampered by the fact that it has poor water solubility, poor skin permeation, is
atmospherically unstable, photosensitive and can be irritating when in concentrated doses [15]. By encapsulating LO in a nanoemulsion system,
these limitations could be resolved as it would help to improve its stability, the percutaneous absorption, and controlled release [16]. Although
nanoemulsions have been widely investigated for the delivery of both synthetic and herbal actives in various dermatological conditions, their
application in psoriasis remains limited, particularly for essential oil-based systems. Specifically, there is a lack of systematic studies evaluating LO-
loaded nanoemulsions in the context of psoriasis, despite the well-documented anti-inflammatory and antioxidant properties of its major
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constituents. Furthermore, limited information is available regarding the biological response of such formulations in psoriatic keratinocyte models,
particularly with respect to key cytokines such as IL-17 and IL-22, which play a central role in disease progression. Therefore, the present study
aims to address this gap by developing and evaluating an LO-based nanoemulsion and investigating its effects on cytokine modulation in stimulated
HaCaT cells. This approach provides insight into the potential of LO nanoemulsion as a targeted topical strategy for psoriasis management.

The diverse activity of LO and, especially, its anti-inflammatory and antibacterial actions could be used as a topical therapy option in psoriasis that
synergistically treats inflammation of immune origin and the microbiome colonization that follows. In vitro cell toxicity was evaluated by means of
stimulated HaCaT cells to determine the potential of LO nanoemulsion as an anti-psoriatic formulation. The ELISA, specifically for determining the
levels of IL-17 and IL-22, was implemented as they are the key cytokines involved in psoriasis. These results can provide an avenue to working out a
harmless, herbal and effective topical treatment of the psoriatic lesions. Though the current study focuses on in vitro assessments, complementary
in vivo studies using established models such as imiquimod-induced psoriasis in mice are warranted to validate therapeutic outcomes in a complex
immune microenvironment.

MATERIALS AND METHODS

Chemicals and reagents

acquired from Loba Chemie (Mumbai, India). Transcutol® P (Tp) was supplied as a gift by Gattefossé India. 2
trifluoroacetamide, comprising 1% trimethyl-chlorosilane (BSTFA+TMCS, 99:1), was used as the derivatising agent fo

used for IL-17 and IL-22 determination. All remaining chemicals used are analytical grade as sup
mean+SD for at least three separate replicates.

HaCaT cell culture and induction of psoriasis-like inflammation

The human keratinocyte (HaCaT) cells were grown at 37 °C in a humidified 5% CO2 en

100 ng/ml recombinant IL-17 was used for the treatment of the cells for 24 h to ind
period, the medium containing IL-17 was removed, and cells were washed with phosp
exposed to various concentrations of blank nanoemulsion, batch A3 and dithranol for.an ad

Preliminary studies

Gas chromatography-mass spectrometry (GC-MS) of LO

The chemical compositions of the oil were revealed by following the
GCMS-QP2010 (Japan) Ultra system with a 30 m capillary column h
flow rate of 1.21 ml/min) was utilized. 2 pl** of sample (conce
Injection was done in split mode (split ratio 10:1) at 260 °C. Afte

Vi reported method with some modifications [18]. Briefly, Shimadzu
ng 0.25 thickness, inner diameter of 0.25 mm and helium (carrier gas;
ation 50 mg/ml) for semi-quantitation was injected using an autosampler.
i 120 °C, the oven temperature was raised to 300 °C at an increasing
ectroscopy was employed. Prior to analysis, the sample underwent
ively less volatile or polar constituents, enabling their detection during GC-MS
analysis and facilitating broader chemical profiling of il dine was added to the concentrate. The mixture was moved to a 2 ml GC vial,

FTIR spectra of individual components and
Shimadzu QATR-S (Japan) model. The g

ure were noted in the scanning range of 400-4000 cm! at room temperature (RT) using
lotted using OriginPro 2025, learning edition software.

Pseudoternary phase plots

constituents for nanoemulsi
surfactant (s-mix) combinati
1:2, and 2:1. For eve

LO nanoemulsion was prepared using a two-step emulsification process [20]. Initially, s-mix in a ratio of 1:2 was mixed with water to obtain an
aqueous phase. A preliminary coarse emulsion was then developed by adding LO, acting as the oil phase, to the water phase and stirring the mixture
with a magnetic stirrer at 250 rpm. This coarse emulsion was then processed into a nanoemulsion using a probe sonicator (Sonics Vibra-cell, VCX-
750, USA; 3 mm probe diameter). Probe sonication was carried out usinga 20 s ON/10 s OFF cycle at 25 °C and the formulation was maintained in a
water bath throughout the process to prevent heat generation and possible thermal degradation of LO constituents. Three batches (A1, A2, and A3)
with varying oil concentrations were prepared following the same method as mentioned in table 1.

Table 1: Composition of LO nanoemulsion batches A1, A2 and A3

Batch 0il (%) S-mix (2:1) (%) Water (%)

Al 14.45 14 71.12
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A2 28.91 16.04 55.05
A3 10.10 13.73 76

Note: S-mix is surfactant/co-surfactant in a ratio of 2:1; all the values are in % v/v.

Characterization of nanoemulsion
Zeta potential and particle size measurement

Zeta potential (ZP), particle size (PS) and polydispersibility index (PDI) of all the batches were determined by means of a Malvern Zetasizer (Nano
7590, UK) equipped with dynamic light scattering (DLS) technology [21]. So as to ensure through dispersion and avoid particle aggregation, the
nanoemulsion was diluted 100x with distilled water at 25 °C.

Thermodynamic stability of nanoemulsion

To determine the stability of prepared nanoemulsion batches (A1, A2, A3) thermodynamic stability study was used [22]. 1) Cent ion Test: The

separation, cracking, or creaming. 2) Heating-Cooling Cycles: Six cycles of the temperature variation were repeated, first ;
with the duration of one cycle being 48 h. 3) Freeze-Thaw Cycles: All three batches were placed into the freezer at-25 %

Drug content

A UV-VIS spectrophotometer (Shimadzu, UV-1780, Japan) was utilized to quantify the amount of dru

Drug release study using the dialysis bag method

In the experiment, the drug release characteristics of batch A3 and pure LO were investig
[24, 25]. Dialysis membrane 50 (MWCO 12-14 kDa) was first wetted in PBS for 12 h beforg
and dipped in 100 ml of the dissolution medium at 37+2 °C with constant stirring at 50 ¢
certain pre-decided times (0, 1, 2, 3, 4, 5, 6, 7 and 8 h). An equal amount of PBS was sub
The released drug concentration was quantified spectrophotometrically at 278 n
in PBS. The obtained absorbance was used to calculate cumulative drug release oye

In vitro DPPH radical scavenging assay

The anti-oxidant effect of LO and A3 was estimated through the 2,2-dj
changes as compared to an earlier established protocol [26]. A stan
water. 60 pg/ml mixture of DPPH was obtained by solubilizing 6 m
different levels of concentration and combined with 1 ml of DPP

ethanol. In clean test tubes, 1 ml of each test sample was taken at
he resultant solutions were placed in the dark at RT to enable the

reaction to take place within a time frame of 20 min. After ghe e was over, the absorbance of the individual sample was measured
spectrophotometrically at 517 nm. As a negative control, a nolic DPPH solution that did not contain any sample was kept and ascorbic acid
was employed as a positive control. The percent of sca was determined via the equation 1

AbScontrol = AbSsample o 9 (€8]
Abscontrol

sorbance of the sample.
In vitro antimicrobial assay

To evaluate the antibacterial activit, ) nanoemulsion, the Kirby-Bauer (agar disc diffusion method) technique on MHA plate was used. S.
aureus was used as the test organi B was used to prepare the bacterial inoculum, which was then standardized to a 0.5 McFarland
standard (about 1.5 x 108 CF g€s were uniformly inoculated by spreading 100 pl** bacterial suspension. Sterile discs with a diameter
of 5 mm were impregnated 1** of the batch A3 at different concentrations (0, 6.25, 12.5, 25, 50 and 100% (v/v)) and placed on the
inoculated agar surface. A co ifampicin disc (3 pug) was utilized as the positive control, while a disk filled with solvent alone was employed
one of inhibition, the plates were subjected to incubation at 37 °C for 24 h, zone was then measured in mm to
The presence and size of the inhibition zone indicated the extent of antimicrobial efficacy of the tested formulation.

atch A3, morphological alterations in HaCaT cells were evaluated using brightfield microscopy. The cells were cultured
itions with or without the nanoemulsion for 24 h. After the incubation time, an optical microscope with a high-resolution
sed to analyse the cellular morphology. Images were taken using a 100x objective lens to enable a detailed evaluation of

Cytotoxicity study

The cytotoxic activity of nanoemulsion batch A3 was estimated by MTT assay [28]. Briefly, stimulated HaCaT cells at a density of 10,000 cells/well
were seeded in 96-well plates and kept for 24 h to adhere. Cells were then treated with varying strengths of the blank nanoemulsion, batch A3 and
dithranol (226.23 g/mol) prepared from a DMSO stock (0.5%) and diluted in medium without FBS. Untreated cells served as the control, and wells
without MTT reagent served as blanks. After 24 h, 20 pl** of 5 mg/ml MTT solution was supplemented to every well and incubated for 2 h. The
formazan crystals were solubilized using 100 pl** of DMSO after discarding the supernatant. An ELISA plate reader (iMark, Bio-Rad, USA) was used
to assess the absorbance at 540 nm. Cell images were obtained employing an Olympus EK2 inverted microscope (Japan) with a digital camera
(AmScope 10 MP). ICs, values were analysed using GraphPad Prism 6. Results are stated as mean+SD (n = 4). All concentrations of nanoemulsion
are expressed as pl**/ml (v/v) due to the liquid nature of the formulation. As the nanoemulsion is a multicomponent system, direct conversion to
mass-based units (pg/ml) was not directly feasible. Dithranol concentrations were prepared in equivalent volumetric units for comparative
analysis.
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Enzyme-linked immunosorbent assay (ELISA)

The amount of IL-17 and IL-22 was measured in stimulated HaCaT cells using the procedure of the manufacturer. In short, the necessary volume of
samples was introduced into the pre-coated wells of the ELISA plate. For IL-17 estimation, the plate was incubated at RT for 2 h, whereas for IL-22
estimation, incubated at 37 °C for 1 h. Then, wells were washed 4 times with 1x (assay diluent) of wash buffer and any leftover liquid was dried by
turning the plate upside down and blotting gently on an absorbent material. After that, each well was introduced with a biotin-conjugated solution
(100 pl**). The plate was resealed and incubated for 1 h at RT, after which a repetition of the wash was done as mentioned above. Then, 100ul* of
diluted combination of Streptavidin-HRP was added to each well and kept for incubation at RT for 1 h. After the final wash, colour change was
attained by adding 3,3',5,5'-Tetramethylbenzidine (TMB) substrate solution. For IL-17 estimation, 100 ul** of TMB solution was added after
incubation in the dark for 30 min, whereas for IL-22 estimation, equal volumes of substrate solutions A and B (50 pl** each) were added and
incubated at 37 °C in the dark for 15 min. Stop solution of 100 pl** was added to end the enzymatic reaction. The readings of optical density were
taken on a microplate reader within 30 min after the reaction stopped at 450 nm. Cytokine concentrations were calculated from the respective
standard curves.

RESULTS

Preliminary studies

Gas chromatography-mass spectrometry (GC-MS) of LO

GC-MS identified 21 phytoconstituents contributing 100% of the total peak area. Linalyl acetate (27.81%) and linalq
components. Other notable constituents included diethyl phthalate (6.43%), 3,5,5-trimethylhexyl acetate (6.48%), and 6
chromatogram and compound details are given in fig. 1 and table 2.
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Fig. 1: GC-MS chromatogram of LO indi presence of linalyl acetate (27.81%) and linalool (14.87%)
Table hemical constituents of LO identified by GC-MS
S.No. Name Chemical class % Area
1 Cyclohexene, 1-Methyl-4-(1-Methyle Monoterpene hydrocarbon 0.96
2 Linalool Monoterpene alcohol 14.87
3 a-Terpineol 4.86
4 Bicyclo-[2,2,1]-Heptana2-0 imethyl-(1S) Monoterpene ketone 0.96
5 3,5,5-Trimethylhex tate Aliphatic ester 6.48
6 Linalyl Acetate Monoterpene ester 27.81
7 Isobornyl Acetate 4.57
8 1.47
9 1.07
10 Aromatic aldehyde 1.07
11 Phenylpropanoid ether 5.55
12 Phenylpropanoid phenol 3.47
13 Phenolic monoterpenoid 1.1
14 Phthalate ester 1.78
15 6.43
16 1,4-Benzenedicarboxylic Acid, Bis(2-Ethylhexyl)-Ester 1.01
17 Dihydro-Nor-Dicyclo-Penta dienyl Acetate Bicyclic ester 4.62
18 Bicyclo-[7,2,0]-Undec-4-Ene, 4,11,11-Trimethyl-8-Methylene-[1r-(1r*4e,9s*)] Sesquiterpene hydrocarbon 1.23
19 1H-Benzocycloheptene, 2,4a,5,6,7,8-Hexahydro-3,5,5,9-Tetramethyl Polycyclic aromatic hydrocarbon 1.32
derivative
20 2-Fluoromethyl-1,3,6,8-Tetrakis-(2'-Fluoroethyl)-1,3,6,8,10-Pentaaza-4,5,7,9- Organoboron heterocyclic compound 1.3
Tetraboradihydronaphthalene
21 2-Bromo-4,6-Di-(Tert-Butyl-Phenol Mesylate Substituted phenolic compound 8.07

Note: GC-MS (gas chromatography-mass spectrometry). Compound identification was based on retention time and comparison with standard
library data. % area represents relative abundance and not absolute quantification.
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Fourier transform infrared spectroscopy (FTIR) analysis

FTIR analysis was carried out to assess potential interactions within the constituents of the nanoemulsion. As shown in fig. 2, LO exhibited typical
peaks at 1735 cm™ and 1172 cm™, equivalent to C=0 stretching of esters and C-O stretching of tertiary alcohols [29]. A peak at 2927 cm™
indicated C-H stretching, while peaks between 1019-918 cm™ were attributed to C=C bending vibrations. The spectrum of the physical mixture
showed a combination of individual peaks without any significant shifts.
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Fig. 2: FTIR graph of a) LO, b) T80, c) Tp, d) mixture of oil and s-mix indi tinwu interactions between the mixture

T T
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Construction of pseudoternary phase plot

Pseudoternary phase plots were drawn to discover an optimums-mi
resulted in unstable emulsions. Incorporation of a co-surfactant imgroved sys
showed the largest nanoemulsion region. However, it exhibited ph.
region (fig. 3), remained stable over 24 h. Table 3 represents the am

(%]

anddefine the nanoemulsion region. Initial trials using T80 alone

ability. Among various combinations, the T80-Tp (1:2) system
separatjon after 24 h. In contrast, the 2:1 ratio, though with a slightly smaller
er required to obtain turbidity for various s-mix ratios.

Table 3: Emulsification study of T80 and T, d e amount of water required for turbidity for various s-mix ratios

0il (ml) S-mix (ml) Water required for turbidity (ml)
p ix (1:1) S-mix (1:2) S-mix (2:1)
0.1 0.9 5 5 4
0.2 0.8 4.1 1.4 4
0.3 0.7 1.2 1.3 4
0.4 0.6 0.9 1 1.8
0.5 0.5 0.6 0.7 0.9
0.6 0.4 0.4 0.6 0.4
0.7 0.3 0.4 0.4 0.4
0.8 0.2 0.4 0.4 0.6
0.9 0.4 0.7 0.7
Note: val olum ) of water required to obtain turbidity during titration.
12 21
X ,."/ 7 -'*-
.'J( Y
: : "; %‘ 2 ¥ _-’. i ﬁ‘ .'t‘s ‘ £ 5 r P j

Fig. 3: Pseudoternary phase plots of s-mix, T80 and Tp in ratios 1:1, 1:2 and 2:1
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Characterization of nanoemulsion
Zeta potential and particle size measurement

Table 3 summarizes the prepared nanoemulsion batches with their corresponding ZP, PS and PDI.

Table 4: ZP, PS and PDI of nanoemulsion batches

Batch ZP (mV) PS (nm) PDI

Al -10.7+2.96 87.54+2.63 0.114+0.001
A2 -6.73+2.30 132.9+3.16 0.186+0.00
A3 -9.82+0.49 75.57+0.96 0.219+0.

Note: value are expressed as mean+SD (n = 3). ZP (zeta potential) provides an estimate of the physical stability of the formulati
distribution of droplets is indicated by PDI (polydispersity index).

S (paxticle size)

Thermodynamic stability of nanoemulsion

Results of thermodynamic stability for all batches are presented in table 4. Batches A1 and A2 remained stabl
cooling but showed phase separation after the freeze-thaw cycle. In contrast, batch A3 remained eu
exhibited desirable nanoscale properties.

Table 5: Thermodynamic stability evaluation and characterization of na ulsi atches

PDI Stability status

Batch  Centrifugation Heating-cooling cycle  Freeze-thaw cycle ZP (mV)

Al Pass Pass Fail - Phase separation, unstable
A2 Pass Pass Fail - - Phase separation, unstable
A3 Pass Pass Pass -11+0.98 0.174+0.001 Stable

ooling cycles (4-40 °C), and freeze-thaw cycles (-25

Note: Thermodynamic stability was assessed using centrifugation (5000 rpm, 60 @
e v indeX). value are expressed as mean+SD (n = 3).

°C to room temperature). ZP (zeta potential), PS (particle size) and PDI (polydi

of released as carried out spectrophotometrically at 278 nm using a pre-established calibration curve of LO in PBS, which showed excellent
linearity (R? = 0.9994) (fig. 5). The quantification wavelength (278 nm) differed slightly from drug content analysis (273 nm) due to solvent-
dependent shifts in absorbance between ethanol and PBS. As shown in fig. 6, batch A3 demonstrated a considerably enhanced and controlled
release of 96.93%+0.48 (mean+SD; n = 3) compared to pure LO (60.35%+0.6) at 8 h. A3 showed significantly higher drug release than pure LO at 8t
h (unpaired t-test, n = 3, p<0.0001).



P. Chandorkar & S. Jagdale
Int ] App Pharm, Vol 18, Issue 4, 2026, ??-7?

(00 T T T 035
03 P
l i
| s ;
1040 -
g % 02 -
g I T y=03331x-0.0016
- S i R* = 0.9994
o 3 B
D,?UI- E i L4}
o
- nos a4
{ )
10,00 IM\ | * ; (5 4 i (%] 1 L
. 200.00 250,00 00,00 150,00 400 Concentration {ulml)
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Fig. 6: In vitro drug release profile of pure LO and batch A3 u dialysis membrane (MWCO 12-14 kDa) in PBS pH 7.4 expressed as %
cumulative release (mean+SD, n = 3). A3 exhibited signifi ergelease than LO at the 8th (p<0.0001, unpaired t-test with Welch’s
cor on)
Release Kinetics
The release data of batch A3 were fitted to e kine dels, including zero order, 1storder, Higuchi matrix, Hixson-Crowell, and Korsmeyer-
Peppas equations. Among these, the Kors -Peppas imodel showed the best fit with a correlation coefficient (R?) of 0.9912, a release rate
constant (k) of 9.5346 and a diffusional expone of 0.3399 (Equation 2), indicating a diffusion-controlled release mechanism (fig. 7).

F = ki X t".(2)

Where, F = fraction of drug re g p = rate constant for Korsmeyer-Peppas, t = time, n = diffusional exponent.
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Fig. 7: Release data were fitted to multiple kinetic mogd

Peppas models. The Korsmeyer-Peppas model d t

In vitro DPPH radical scavenging assay

The antioxidant potential of LO and the opti d nanoe
as the standard reference (fig. 8). All tested s
the highest activity across all concen
antioxidant potential; however, at tl
At the highest tested concentration
when the undiluted formulati
potential of the nanoemulsiofiibecomes
DPPH scavenging activity of

10
Nr, B) 1storder, Higuchi matrix, Hixson-Crowell, and Korsmeyer-
e best fit, with a diffusional exponent indicating fickian diffusion

ion batch A3 was calculated by the DPPH radical scavenging assay, taking ascorbic acid
les showed a concentration-dependent increase in scavenging potential. Ascorbic acid exhibited
ing 95.59+0.42% inhibition at 0.5% (v/v). Both LO and batch A3 demonstrated moderate
concentrations (0.1-0.5% v/v), pure LO exhibited higher % scavenging activity than batch A3.
LO and A3 showed scavenging values of 64.95+0.34% and 53.82+0.04%, respectively. Nevertheless,

ore evident at its native concentration. All the values are expressed as mean+SD; n = 3. Significantly higher
ompaged to A3 at all concentrations tested was confirmed using Sidak’s post-hoc test (adjusted p<0.05).
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Fig. 8: DPPH radical scavenging activity of pure LO and optimized nanoemulsion (A3), with ascorbic acid as thé
expressed as mean+SD (n = 3). Pure LO exhibited higher activity at lower dilutions, whereas the undilutedsna
high scavenging activity. *p<0.05, **p<0.01, ***p<0.001 compared to A3 at the corresponding conce

In vitro antimicrobial assay

The disc diffusion method was employed to evaluate the antimicrobial activity of batch
was 28.33+0.58 mm (mean+SD; n = 3). No activity was shown by the blank. A consi

-

Zone of Inhibition (mm)
=LA ~NODOO

0 10 20 30 40 50 60 70 80 90 100

Concentration (% v/v)
Fig. 9: Antimicrobial activity indicating z of inhibitjon; rifampicin (3pg) positive control; 10 pl** of batch A3 in various concentrations
0, 6.25,12.5,25,50 and 100% (v/v); timicrobial activity of batch A3 expressed as zone of inhibition (mm) on S. aureus, (mean+SD,
n = 3). Error bars are n i ical zone of inhibition values were observed across triplicate measurements

Morphological analysis

Morphological analysis of Ha cellsibefore treatment, blank nanoemulsion and after treatment with batch A3 revealed some notable structural
changes, as depicted . ed cells in fig. 10A showed typical spindle-shaped morphology with intact membranes and high confluency.
There was g0 signifi e in the morphology of the cells (fig. 10B) when treated with blank nanoemulsion. While, treated cells (fig. 10C)
revealed i nding and significant detachment from the surface with decreased cell density.

Fig. 10: Morphological analysis on stimulated HaCaT cells after 24 h treatment A) untreated control, B) blank nanoemulsion and C) batch
A3, observed under 100x magnification
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Cytotoxicity study

The cytotoxic potential of batch A3 was evaluated by the MTT assay. The minimal cytotoxic effect of blank nanoemulsion, as seen in morphological
analysis, was confirmed by the MTT assay (fig. 11). At the highest concentration (50 ul**/ml), the percentage cell viability observed was 96.19% for
the blank nanoemulsion, 10.50% for dithranol, and 5.61% for batch A3. The ICs, value of batch A3 (0.4198+0.047 pl**/ml) was markedly lower
than that of Dithranol (7.843£0.029 pl**/ml), indicating higher cytotoxic potency. All the values are expressed as mean#SD, n = 4. Post-hoc Sidak
analysis showed significantly lower viability for A3 compared to dithranol at concentrations from 0.78-25 pl**/ml (adjusted p<0.0001-0.0004), with
the greatest differences at 1.56-3.125 ul**/ml. No significant difference was observed at 0 or 50 pl**/ml. Batch A3 displayed a clear dose-dependent
decrease in cell viability (fig. 12).

Fig. 11: Bright field microscopic image

g TT assay for standard dithranol (A1: control; B1: 0.78 pl**/ml; C1: 6.25 pl**/ml; D1: 50
ul**/ml), batch A3 (A2: control; -

ml; C2: 6.25 pl**/ml; D2: 50 pl**/ml) and blank nanoemulsion (A3: control; B3: 0.78

A
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Fig. 12: Cytotoxicity of blank nanoemulsion, batch A3 and dithranol on HaCaT cells measured using the MTT assay after 24 h treatment.
Results are expressed as percentage cell viability relative to untreated control (mean+SD, n = 4)



P. Chandorkar & S. Jagdale
Int ] App Pharm, Vol 18, Issue 4, 2026, ??-7?

Enzyme-linked immunosorbent assay (ELISA)

An ELISA assay was carried out to quantify levels of IL-17 and IL-22 in HaCaT cells, with the control group set as baseline (100+£0.33%). The blank
nanoemulsion group showed minimal effect (98+0.21%) on cytokine levels compared to the untreated control. Dithranol-treated cells showed a
reduced IL-17 level to 94.13+0.55%, while batch A3 treatment further decreased IL-17 expression to 90.01+1.99%. Similarly, IL-22 expression was
markedly reduced following treatment, with dithranol and batch A3 lowering IL-22 levels to 62+1.38% and 71+0.27%, respectively (fig. 13). All the
values are expressed as mean+SD, n = 3.

120
100 I =
80
& -
-4
3 60 z
4
=
40
20
0
Control Blank Dithranol A3
Samples
1% IL-17 Levels % IL-22 Levels
Fig. 13: Effect of blank nanoemulsion, batch A3 and dithranol on IL-17 and IL-22 aCaT cells measured using ELISA. Cytokine
levels are expressed relative to the stimulated contig D,n = 3)

DISCUSSION

The constituents of LO identified by GC-MS analysis were predominant terpenes and esters, with linalool (monoterpene alcohol) and linalyl
iological activity of LO [30]. Additionally, the presence of a-
terpineol and isobornyl acetate synergizes its potential for dermagglogical uses:"The presence of acetate and alcohol groups in the FTIR spectra
indicates the presence of linalyl acetate and linalool, respectively. T | mixture of LO, T80, and Tp retained its characteristic peaks without
any alteration, which indicates the absence of chemical inte a m. This suggests that there is no physical or chemical incompatibility

among the components of batch A3.

ul i xperiment indicated the need for a co-surfactant. In the pseudoternary phase
Ision re , but after 24 h, phase separation was seen, indicating instability. The 2:1 ratio
with acceptable stability. PS analysis for all prepared batches falls within the acceptable
irming that formulations are stable at the nanoscale, suggesting their use for further

The instability observed in the T80-only system in th
diagram, 1:2 ratio of T80-Tp showed a wider na
was chosen as it provided higher emulsificatio
range. ZP values, show enough electrostati
studies. Batch A2 exhibited a relatively lo
surfactants such as T80 and Tp can prawide st tabilization, contributing to the observed short-term stability of the formulation. Additionally,
€ ar

pecified instability for long-term storage. With a narrow PDI and sufficient ZP, which supported
3 showed consistent stability throughout tests. These characteristics support batch A3 as the stable
ed drug content indicated uniform distribution of LO within the nanoemulsion matrix. Accurate
quantification was likely supperted bygthe use of magnetic stirring and ethanol dilution, which improved dispersion. These findings suggest easy
reproducibility of batc wi rently used method.

best suit the Korsmeyer-Peppas model suggest a diffusion-controlled mechanism, which is generally observed in drug delivery systems based on
polymeric materials and nanoemulsions [32]. While the formulation does not demonstrate prolonged sustained release over extended durations,
the enhanced and relatively controlled release compared to LO may be advantageous for topical applications by ensuring improved local availability
at the site of action [33]. These characteristics are highly useful for managing chronic skin disorders like psoriasis. The wavelengths of detection by
UV-VIS differ in drug content and drug release, as the drug content analysis was performed in ethanol at 273 nm, whereas the release study was
conducted in PBS (pH 7.4) at 278 nm. This shift in wavelength is attributed to the change in solvent system, which influences the absorbance
characteristics of LO.

In the DPPH assay, the moderate radical-scavenging action of LO was indicative of phytoconstituents, including linalool, which contribute hydrogen
atoms to neutralize free radicals. The encapsulation of linalool and linalyl acetate within the nanoemulsion matrix, which limits their rapid
availability to interact with DPPH radicals, could be responsible for batch A3's comparatively lower activity at lower doses. However, the noticeable
increase in scavenging efficiency at higher concentrations indicates that these active ingredients are released from the nanoemulsion system in a
concentration-dependent manner. This suggests that nanoencapsulation retains antioxidant molecules and facilitates their controlled release,
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restoring and perhaps improving their activity at larger concentrations. These findings indicate that the developed LO nanoemulsion could provide
therapeutic effects against oxidative stress linked with inflammatory skin disorders such as psoriasis [34].

In the antimicrobial assay, S. aureus was chosen as a bacterial strain due to its clinical relevance in psoriatic skin infections. Colonization of psoriatic
lesions by S. aureus has been widely reported to aggravate disease severity by releasing exotoxins and superantigens that promote T-helper
(Th1/Th17)-mediated inflammatory cascades [35-37]. Moreover, S. aureus is one of the predominant g-positive pathogens involved in secondary
infections of psoriatic plaques, making it a suitable indicator organism for preliminary antimicrobial screening of topical formulations [38]. The disc
diffusion method was selected as a preliminary screening tool due to its simplicity, cost-effectiveness, and widespread use for the initial evaluation
of antimicrobial activity, particularly in essential oil-based formulations. The consistent zone of inhibition (~7 mm) across all tested concentrations
suggests that batch A3 exhibits minimal or weak antimicrobial activity under the experimental conditions [39]. This observation is likely influenced
by the limited diffusion of the lipophilic components of LO through the aqueous agar medium rather than a true concentration-dependent
antibacterial effect. However, this method has inherent limitations in evaluating essential oil-based formulations, and future studies employing
broth dilution or MIC-based methods would provide a more reliable assessment of antimicrobial activity. Although the present study focused on S.
aureus due to its pathophysiological significance in psoriasis, future investigations incorporating g-negative strains such as Eschgfichia coli or
Pseudomonas aeruginosa could provide a more comprehensive antimicrobial profile of the formulation.

For morphological analysis, the HaCaT cell line was employed as the in vitro model in the present study owing to its well-est: vance in
psoriasis research. Selection of HaCaT cells was done as they are highly adaptable and responsive to environmental conditje i

physiologically pertinent system for preliminary evaluation of anti-psoriatic activity [40, 41]. Although inclusion of ad@
cell lines such as THP-1 macrophages or fibroblasts could further delineate immuno-epidermal interactions, the HaCa

nanoemulsion depicted no observable change in the morphology when compared with the untreated
treated HaCaT cells indicate apoptosis or necrosis. These findings suggest that the observed apopt
the presence of T80 or Tp. These changes reflect batch A3's cytotoxic property, indicating its abil
psoriatic keratinocytes. These findings are important for evaluating the efficacy of batch A3.

purely due to the presence of LO
action, particularly its direct effect

calcipotriol binds to the vitamin D receptor. Thus, the action of dithranol complements th wof LO, which targets key cytokines such as IL-
17, IL-22, and TNF-a, thereby limiting keratinocyte proliferation. As a topical formulation ensures direct interaction with
hyperproliferative keratinocytes [9, 42, 43]. The batch A3 had a considerably lowie an dithranol, indicating stronger anti-proliferative
activity against psoriatic keratinocytes and potential for psoriasis treatment. At srategdoses, batch A3's higher cytotoxicity than dithranol can
be due to increased cellular absorption facilitated by nanoemulsion-m tration/ Jain et al. (2017) observed that a topical nanoemulsion
containing clobetasol and calcipotriol had cytotoxic action on HaCaT cell i 0% cell viability at a dose of 50 pg/ml. Similarly, Carolina
et al. (2023) reported that treatment with a LO emulsion resultedg ly 45% viability in HaCaT cells. In comparison, the current
formulation (batch A3) displayed a substantially greater anti-prolif ) just 5.61% viable cells at 50 ul**/ml. This noticeable decrease
in cell viability shows improved anti-psoriatic potential of the devel@ped LO panoemulsion compared to previously reported topical nanoemulsion
systems [44, 45]. While the Selectivity Index could not be gsta to a lack of NHDF data, future research should include it to assess
therapeutic safety. The observed dose-dependent cytotoxic, @ A3's potential as an effective and targeted anti-psoriatic formulation.

19 ame blebbing signal apoptotic or necrotic processes, the current study did not

pathogenesis, this level of reduction maé
as preliminary and may require fur

igtent to produce a strong therapeutlc outcome. These findings should therefore be interpreted
or combination with other therapeutic strategies for enhanced clinical relevance. The drop in
ies that it has a modulatory influence on keratinocyte-driven inflammatory responses in psoriasis-

in driving keratinocyte hypegproliferation and epidermal dysregulation in psoriasis, batch A3's moderate but persistent reduction supports its
potential relevance and com
IL-22 levels to 98% c
data support previ ted anti-psoriatic effects, extensive cytokine profiling is required to completely prove batch A3's immunomodulatory

potential

co

The pr t study démonstrates the successful development of a LO-based nanoemulsion with desirable physicochemical characteristics, including
nanoscal e, acceptable stability, and enhanced in vitro release compared to pure oil. The optimized formulation batch A3 exhibited
notable biol ctivity, including moderate cytotoxic effects on HaCaT cells and measurable reductions in pro-inflammatory cytokines (IL-17 and

IL-22), indicating preliminary anti-psoriatic potential. The nanoemulsion system facilitated improved dispersion and availability of active
constituents, contributing to enhanced performance relative to conventional formulations. However, the observed biological effects are modest and
should be interpreted as preliminary. Further studies, including in vivo efficacy evaluation, detailed skin permeation and retention studies,
apoptosis-related assays, and selectivity assessment using normal human dermal fibroblasts, are required to establish the therapeutic relevance
and safety profile of the formulation. Such investigations will be essential for advancing this system toward clinical application.
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