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Strong, broad-spectrum antibacterial action is shown by thyme oil, an essential oil rich
in thymol and carvacrol. Still, its direct application on the skin is often limited since it
has low solubility in water, is highly volatile, and could irritate the skin. This study seeks
to create and evaluate a thyme-oil-infused nanoemulgel to overcome these
physicochemical issues and increase its regional antibacterial activity. The thyme oil
nanoemulsion was first made by combining the right amounts of oil, surfactant, and co-
surfactant, and putting them through a high-speed homogenizer. Later, the improved
nanoemulsion was combined into a Carbopol-based hydrogel structure to increase
patient compliance and retention on the skin. The prepared batches of nanoemulgel were
systematically analyzed for several parameters, including thermodynamic stability,
droplet size, polydispersity index (PDI), zeta potential, acidity, viscosity, spreadability,
and ability to be extruded. In vitro experiments for medication release and antibacterial
evaluation were also carried out using the agar well diffusion method against typical
skin infections such as Staphylococcus aureus and Escherichia coli. The optimized
thyme oil nanoemulgel is expected to show a nanometric droplet size with a low PDI,
resulting in a consistent and stable mixture. For topical usage, rheological tests should
show pseudoplastic flow and great spreadability. Importantly, antimicrobial tests are
predicted to reveal a significantly increased zone of inhibition in comparison to pure
thyme oil. The nanoemulgel style allows for better cellular penetration and regulated
release, both of which are related to this upgrade. In conclusion, incorporating thyme oil
into a nanoemulgel provides a very effective, stable, and hopeful topical delivery system
for treating microbial skin infections
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INTRODUCTION

Clinically categorized under Skin and Soft Tissue
Infections (SSTIs), topical microbial infections
happen when bacteria penetrate the skin's physical
barrier, causing tissue damage and localized
colonization'-2,

These infections can cause deep dermis problems
as well as superficial epidermal disorders.
Bacterial adhesion to host cells, tissue penetration
with evasion of the host's innate immune system,
and the subsequent release of enzymes or toxins
are the main steps in the development of a topical
infection'?.

Keratinocytes and pattern recognition receptors
that indicate proinflammatory responses safeguard
healthy skin. However, foreign germs can infiltrate
any structural defect brought on by wounds,
abrasions, or long-term
medical conditions such as atopic dermatitis*,

mechanical trauma,

Primary Topical Microbial Diseases

In clinical dermatology, the most common
superficial skin infections are as follows:

1. Impetigo: Usually affecting youngsters, this
extremely contagious superficial bacterial
pyoderma  (pus-producing  infection) is
characterized by weeping sores and vesicular
eruptions®. It is primarily brought on by
Streptococcus pyogenes (group A Streptococci)

and/or Staphylococcus aureus’®.

3

Fig 1: Impetigo
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2. Folliculitis and Abscesses: If ignored,
folliculitis, an inflammatory disease confined to
the hair follicle, can develop into a deeper, painful
skin abscess (boil or furuncle). It is mostly caused
by Staphylococcus aureus, but some exposures—
like hot tubs—can bring in Gram-negative
opportunistic bacteria such as Pseudomonas

aeruginosa™®

Fig. 2: Folliculitis

3. Secondary Bacterial Infections (Atopic
Dermatitis Complications): A serious clinical
problem in which high-density opportunistic
pathogen colonization is made possible by a pre-
existing dermatological disease that compromises
the skin barrier. Staphylococcus aureus and
coagulase-negative Staphylococci (CoNS) are
isolated in more than 60% of these instances®’.
An emulsion (either water-in-oil or oil-in-water)
and a gelling agent are combined to create an
emulgel, which is a topical medication delivery
technique. Emulgels work as dual-control release
devices, merging the drug-carrying properties of
an emulsion with the structural integrity of a gel’.
They are specifically made to overcome traditional
hydrogels' inability to integrate hydrophobic
(water-insoluble) active medicinal components®.
The main goals of creating an emulgel formulation
include the delivery of lipophilic medicines,
improving skin penetration,
stability’.

and enhancing
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Emulgels offer a significant therapeutic benefit for
localized treatments since they are thixotropic,
patient-friendly, and have a better loading capacity
when properly prepared. Patients can target the site
of action directly and avoid serious gastrointestinal
or systemic side effects by applying an emulgel
topically, bypassing hepatic first-pass
metabolism®. Additionally, it is utilized for wound
healing, musculoskeletal pain, and dermatological
conditions’°,

Drug: Thyme oil

The leaves and flowering tops of Thymus vulgaris
are used to make thyme oil, a volatile essential oil.
Traditionally, thyme has been used to treat
wounds, inflammatory problems, skin infections,
and respiratory issues. The liquid's physical
characteristics are usually pale yellow to reddish-
brown, and it smells strongly of herbs. Carvacrol
and thyme oil have high lipophilicity. They
oxidative stress, intracellular component efflux,
and ultimately cell death easily penetrate the lipid

bilayer of bacterial and fungal cell membranes,
11,12

causing

Fig. 3: Thyme oil

Thyme oil (2-isopropyl-5-methylphenol),
carvacrol, p-cymene, y-terpinene, and linalool are
the main components of thyme oil. Among these,
the main bioactive substances with potent
antibacterial activity against a variety of bacteria
and fungi include thymol and carvacrol. Thyme oil
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has a number of pharmacological properties,
including antifungal activity, antioxidant activity,
anti-inflammatory activity, and wound-healing
activity'?,

The main source of thyme oil, common thyme
(Thymus vulgaris L.), is classified taxonomically
as belonging to the kingdom Plantae (plants) and
the subkingdom Tracheobionta, which includes
vascular plants. It is a member of the division
Magnoliophyta, also referred to as blooming
plants or angiosperms, and the superdivision
Spermatophyta (seed plants). As one descends the
hierarchy, it is categorized under the subclass
Asteridae  and  the Magnoliopsida
(dicotyledons). Thyme belongs to the Lamiaceae
(or Labiatae) family, commonly known as the mint
or deadnettle family, and is a member of the order
Lamiales. It is further divided into the subfamily
Nepetoideae within this family. Lastly, the species
Thymus vulgaris L. is the particular organism that
belongs to the genus Thymus L.

class

Statement of the Problem

Conventional antimicrobial therapies often face
limitations such as poor skin penetration and
microbial resistance; therefore, a thyme oil
nanoemulgel is formulated and evaluated to
enhance antimicrobial efficacy and topical drug
delivery'>16.

Need of Study

This study is justified by the therapeutic necessity
of combining cutting-edge nanomedicine and
green pharmacology to safely and successfully
treat resistant skin infections. Because of its strong
antibacterial, antifungal, and biofilm-disrupting
properties, thyme oil is a perfect substitute for or
addition to synthetic antibiotics that aren't
working!”. However, a delivery method that
reduces its high volatility and hydrophobicity is
necessary to take advantage of these advantages.
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These formulation shortcomings are directly
addressed by creating a thyme oil nanoemulgel'8.
The oil's surface area increases exponentially
when the internal oil droplet size is reduced to the
nanoscale (usually 20 to 200 nm). This alteration
maximizes localized therapeutic concentrations by
greatly increasing the rate of breakdown and
permitting  passive, penetration
through the skin's tiny lipid pathways. The special
structural benefits of the nanoemulgel hybrid
system highlight the "need of study" even more.
Although nanoemulsions have good permeability,
their therapeutic use on the skin is limited by their

intracellular

watery consistency. We create a sophisticated
system with shear-thinning (pseudoplastic)
rheological behaviour by structuring the
nanoemulsion into a polymeric hydrogel network.
This ensures longer medication release and fewer
doses since the formulation spreads readily under
external friction but remains localized at the
infection site after application -2,

Thyme oil's shelf life is also increased by encasing
it in a nanostructured droplet, which protects its
oxygen-sensitive and volatile chemical bonds
from environmental deterioration. From the
standpoint of patient safety, the regulated release
of the oil from the gel matrix significantly reduces
skin irritation by minimizing the initial,
concentrated contact of volatile thymol with the
epidermis®!.

Objectives
The following particular technical goals motivate
this project's methodical execution:

1. To select suitable excipients (oil, surfactant,
co-surfactant, gelling agent, and
preservatives) for the development of thyme
oil nanoemulgel.

2. To perform preformulation studies of thyme
oil and excipients for compatibility, solubility,
and stability assessment®.

ey,
L
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3. To formulate a stable thyme oil nanoemulsion
and incorporate it into a gel base to prepare a
nanoemulgel.

4. To -evaluate the prepared thyme oil
nanoemulgel for physical appearance, pH,
viscosity, spreadability, drug content, particle
size, and stability.

5. To assess the antimicrobial activity of the
formulated thyme oil nanoemulgel against
selected micro-organisms?>.

Hypothesis

The developed Thyme oil nanoemulgel and
alternative conventional control bases will not
differ statistically in the measured antimicrobial
activity, as determined by the Minimum Inhibitory
Concentration (MIC) values and Zones of
Inhibition (ZOI) against representative Gram-
positive and Gram-negative bacterial or fungal
strains. Microbial colony counts will not be
reduced, or protective cellular biofilms will not be
broken down by encapsulation into the nano-
carrier system.

Methodology:

This includes the procedures that aid in the
creation of thyme oil emulgel. There are three
phases to it:

1. Preformulation Test:

1.1 Evaluation of and

Physicochemical Aspects:

Organoleptic

1. Organoleptic Testing

1. A sample of the substance was transferred into
a clear glass vial.

2. The physical state, appearance, and color were
visually examined under standard white
laboratory lighting.

3. To evaluate the odour, the vial was held at a
safe distance, and the vapors were gently
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wafted toward the nose to detect its
characteristic aromatic properties>*.

2. Solubility Analysis

1. 2 ml of the sample were dispensed into
separate test tubes.

2. A specific solvent water, ethanol was added to
each respective tube.

3. The test tubes were sealed and vigorously
shaken for several minutes.

4. Afterward, the mixtures were allowed to settle
and were visually inspected for complete
dissolution (solubility) or phase separation
(insolubility)25.

3. Density

1. An empty, dry pycnometer (specific gravity
bottle) was accurately weighed on an
analytical balance.

2. The pycnometer was then completely filled
with the liquid sample, ensuring no air
bubbles were trapped, and was weighed again.

3. The density was calculated by subtracting the
weight of the empty flask from the filled flask
and dividing that mass by the known volume
of the pycnometer at room temperature®®.

1.2 UV-Visible
Calibration:

1. An accurately measured amount of 0.10 mg
thyme oil was dissolved in an ethanol to
prepare a stock solution.

2. A diluted sample was then scanned from 200

400 nm UV-Vis
spectrophotometer to determine maximum
absorbance wavelength (Amax) of thymol.

3. The stock solution was serially diluted to
create a range of standard concentrations ( 10
pum/ml, 20 um/ml, 30 pm/ml, 40 pm/ml, 50

Spectrophotometry

nm to using a

P
‘iﬂ
)
RJ
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um/ml), and their absorbances were recorded
at the determined Amax?’.

Fig. 4: Standard concentration solution

4. Finally, a calibration curve was generated by
plotting absorbance against concentration,
and linear regression analysis was performed
to determine the equation and R? value to
confirm linearity.

1.3 FTIR Spectroscopy:

A baseline FTIR spectrum of pure thyme oil was
obtained using a Fourier Transform Infrared
(FTIR) spectrophotometer. The spectrum was
analyzed for characteristic peaks. A broad
absorption band between 3200 and 3400 cm™,
corresponding to the phenolic —OH stretching
vibration of thymol, was observed. Peaks in the
range of 2800-3000 cm™!, corresponding to C—H
stretching vibrations, were also identified and
recorded®’.

2. Formulation:

1. Instructions for creating the Emulsion Base.

In this, S mix was prepared in 2:1 ratio of Tween
80 and PEG 400 resp.
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Table No. 1: Batches of emulsion

Formula thyme oil S mix water
El 1 15 84
E2 1.5 15 83.5
E3 15 83
E4 1 20 79
E5 1.5 20 78.5
E6 2 20 78
E7 1 25 74
E8 1.5 25 73.5
E9 2 25 73

In this section, evaluate the optimized batch based
on stability, effectiveness, and the high
concentration of the Active Pharmaceutical
Ingredient.

1.1 Creating the Oil Phase (with Smix):

1. Tween 80 (a surfactant) and PEG 400 (a co-
surfactant) were combined to achieve a ratio
of roughly 2:1.

2. The mixture was stirred using a magnetic
stirrer at a speed of 500 rpm for 15 minutes at
room temperature.

3. 2 gram of thyme oil was then gradually added
to the Smix.

4. Magnetic stirring was continued at 600 rpm
for another 30 minutes until the oil fully
dissolved, resulting in a uniform and clear oil
phase®*.

V/ S‘ 5: A
\({" 9

ﬁb'?} INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

)

Fig. 5: Magnetic stirrer
1.2 Creating the Water Phase and Emulsifying
Titration:

1. Thirty grams of distilled water was utilized
for the water phase.

2. This prepared water phase was gradually
introduced drop by drop into the oil/Smix
phase under continuous high-speed magnetic
stirring.

3. This ensured that the droplets became very
small, typically reaching nanometer size*®.

2. Formulation of Gel Base
In this, emulsion and gel ratio was 1:1.
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Table No. 2: Batches of Emulgel

Formula emulsion gelling agent preservative tea water
El 50% 1 0.2 2 drops /qs 48.8
E2 50% 1.5 0.2 2 drops /qs 48.3
E3 50% 2 0.2 2 drops /qs 47.8
E4 50% 2 0.2 2 drops /qs 47.8
E5 50% 3 0.2 2 drops /gs 46.8
E6 50% 4 0.2 2 drops /gs 45.8
E7 50% 0.5 0.2 2 drops /gs 49.3
ES8 50% 1 0.2 2 drops /gs 48.8
E9 50% 1.5 0.2 2 drops /gs 48.3

2.1 Gel Base formulation procedure:

1. A 0.2% preservative mixture, consisting of
0.18 gram methyl paraben and 0.02 gram
propyl paraben, was added to approximately
40 grams of distilled water.

2. The mixture was carefully warmed to 40°C to
ensure complete dissolution of the parabens
before being allowed to cool to room
temperature.

3. Next, the gelling agent (Carbopol 934) was
slowly and uniformly dispersed
approximately 46.1 grams of remaining
distilled water in a large beaker to minimize
the formation of dry, non-hydrated lumps.

4. The beaker was covered, and the mixture was
left undisturbed to hydrate and swell for 12 to
24 hours at room temperature.

5. Once fully expanded, four drops of
triethanolamine (TEA) were added dropwise
under gentle, continuous mixing with a
mechanical stirrer.

6. This neutralized the polymer's carboxylic
groups, raising the pH to a skin-friendly range
of 5.5 to 6.5 and yielding a clear, thick gel®.

over

2.2 Nanoemulgel Development
1. The liquid thyme oil nanoemulsion was
gradually incorporated into the neutralized gel
base in small aliquots.

QL;P‘E? INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES
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2. The two components were then homogenized
using an overhead mechanical stirrer at 400
rpm for 20 to 30 minutes.

3. During this process, the mixing paddle was
kept completely submerged to prevent the
entrapment of air bubbles.

4. Ultimately, this procedure resulted in a
consistent, stable, and visually appealing
thyme oil nanoemulgel?’.

3. Evaluation method:

These are the comprehensive, step-by-step
evaluation criteria and methods for emulgel
characterization. These procedures use common
pharmaceutical testing techniques appropriate for
assessing polymeric bases and the emulsions they
incorporate.

3.1. Physical Characterization

1. A small amount of the prepared emulgel was
taken in a clear, transparent glass beaker or
watch glass.

2. The formulation was visually inspected
against both dark and light backgrounds.

3. Observations for color, homogeneity,
consistency, and any visible signs of phase

separation (creaming or cracking) were
recorded?®’.
3.2 pH Determination
588 | Page
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. Exactly 1 g of the emulgel was accurately

weighed.

It was dispersed uniformly in 9 mL of double-
distilled water to create a 10% w/v dispersion.
(A 1% solution was also used depending on
specific monograph requirements).

. A digital pH meter was calibrated using

standard buffer solutions of pH 4.0, 7.0, and
9.2.

The glass electrode was dipped into the
emulgel dispersion, and once the reading
stabilized, the pH was recorded.

3.3 Viscosity Measurement

1.

Approximately 50 g of the emulgel was
transferred into a clean beaker, ensuring no air
bubbles were trapped.

A Brookfield Viscometer was set up, and the
appropriate spindle (Spindle No. 64 or 94 for
semisolid gels) was selected.

The spindle was lowered into the emulgel
until the indentation mark on the spindle shaft
was exactly level with the surface of the
formulation.

The spindle was rotated at increasing speeds
(e.g., 10, 20, 50, and 100 rpm) to evaluate
shear-thinning properties.

The viscosity readings in centipoise (cP) were
recorded at each speed once the dial reading
stabilized™.

3.4 Spreadability

1.

Vi

=
ez
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One gram of the emulgel was sandwiched
between two standardized glass slides.

A standard weight (100 g) was placed on the
upper slide for 5 minutes to compress the
formulation to a uniform thickness.

The lower slide was securely fixed to the
apparatus board.

A string was attached to the upper slide, run
over a pulley, and a known weight (e.g., 20 g)
was attached to the pan at the end of the string.

=N

5.

The time (in seconds) required for the upper
slide to separate entirely from the lower slide
was recorded.
The spreadability was calculated using the
standard formula:
M X L
T

(Where S = Spreadability, M = Weight tied to the
upper slide, L = Length of the glass slide, T = Time
taken to separate)*!.

3.5 Globule Size and Polydispersity Index (PDI)

1. One gram of the emulgel was diluted with 99
mL of double-distilled water (1:100 dilution)
to prevent multiple scattering phenomena.

2. The mixture was gently mixed to ensure
uniform dispersion without mechanically
breaking the emulsion droplets.

3. A few milliliters were transferred into the
cuvette of a Dynamic Light Scattering (DLS)
instrument (e.g., Malvern Zetasizer).

4. The analysis was run at 25°C at a scattering
angle of 90°.

5. The mean globule size (z-average) and PDI
were recorded. (A PDI value < 0.3 indicated a
narrow, highly uniform size distribution)??.

3.6 Zeta Potential

1. A diluted sample of the emulgel was prepared
exactly as done for the globule size analysis
(1:100 in double-distilled water).

2. The diluted sample was injected into a folded
capillary electrophoretic cell using a syringe.

3. The cell was inserted into the Zetasizer.

4. An electric field was applied to measure the
electrophoretic mobility.

5. The Zeta Potential value was recorded*’.

3.7 Centrifugation Test

1.

This served as a rapid stress test to predict
long-term physical stability and phase
separation.
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were re-tested for physical changes (like
phase
centrifuge), pH shifts, viscosity changes, and

separation or creaming using a

API degradation. These results were directly
compared against the 0-hour baseline.

any sign of irritation was evaluated®s.

1.

2. A 10 mL centrifuge tube was filled with 5 gof 1. Antibiotic Assay Medium No. 19 was
the emulgel. prepared, boiled, adjusted to the proper pH,
3. The tube was placed in a laboratory centrifuge and sterilized by autoclaving at 121°C for 15
and balanced with a counterweight tube of minutes.
equal mass. 2. A 10 mg/ml sample solution and a standard
4. The sample was centrifuged at 5000 rpm for solution were formulated for inoculation.
30 minutes at room temperature. 3. The test organism was streaked on agar slants,
5. The tube was then removed and visually incubated for 24 hours at 30-35°C, and then
inspected for any signs of phase separation, suspended in saline solution with its optical
creaming, or cracking34. density adjusted to 60-70% at 530 nm.
4. Two milliliters of the culture suspension were
3.8 Accelerated Stability Studies inoculated into 200 ml of sterile molten
1. Sample Preparation: The formulated emulgel medium at 40-45°C, poured into Petri plates,
was packed into its final intended packaging cooled at room temperature, and refrigerated
(e.g., sealed aluminum tubes or glass jars). for 15 to 20 minutes to harden.
2. Baseline Establishment (0 Hours): The initial 4 Agar cups were punched into the solidified
sample was tested for visual appearance, pH, medium using a 6 mm borer.
viscosity, and drug content to establish ¢ volumes of 100 pl of the standard solution,
starting reference values. sample solution, and a DMSO negative
3. Incubation: The packaged samples were control were then added to their respectively
placed into a stability testing chamber labeled cups.
maintained at 40°C & 2°C with 75% % 5% 7 The plates were pre-incubated at 2-8°C for 15
Relative Humidity (RH). to 20 minutes to allow for diffusion, then
4. Sampling: Samples were withdrawn from the incubated at 30-35°C for 24 to 48 hours,
chamber at exactly the 24-hour and 48-hour g after Zone of Inhibition (ZOI) was measured
intervals and allowed to cool to room in millimeters using a ruler or Vernier
temperature before testing. caliper?53637.
5. Final Evaluation: The withdrawn samples

9. Evaluation

Preformulation Study Result

1. Organoleptic Properties

1. Appearance: The sample was observed to be a
3.9 Skin Irritation Test clear, mobile liquid. '
1. The skin of the hand was washed and cleaned. ~ 2- Color: The color was deter@med to be
2. One gram of the emulgel was applied to the colorless to pale yellow or reddish-brown.
skin. 3. Odour: It exhibited a characteristic strong,
3. The site was then observed, and the action or aromatic, and phenolic odour during testing.
4. State: The substance was found to be in a

liquid state at room temperature.

3.10 Antimicrobial Efficacy

ey,
L
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2. Physicochemical Evaluation
1. Solubility Profile: In the solubility test, it was
insoluble in water and soluble in organic
solvents like ethanol.
2. Specific Gravity / Density: It was typically
around 0.922 g/mL.
3. Boiling Point: It was generally around 195°C

Fig. 6: Solublity test

3. UV-Visible Spectrophotometry:

Fig. 7: UV Graph of Thyme oil

In the context of your UV-Vis data, the most Regression Analysis (R?): the value of R? was
significant Amax is observed at 272 nm, indicating  0.9893.

the point of maximum electronic transition for the

molecules in sample.

Absorbance vs Concentration
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Fig. 8: Graph of regression curve of Thyme oil

4. FTIR Spectroscopy:
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Fig. 9: Thymol
Name: 2-isopropyl-5-methylphenol

Formula:

Ci1oH140

Interpretation: The IR spectrum is highly
characteristic of thyme oil. The combination of the
phenolic O-H stretch (~3530 cm™), strong
aliphatic C-H stretches (~2960-2872 cm™),
aromatic C=C stretching (~1619-1515 cm™), and
the prominent C-O stretch (~1224 cm™) confirms
the presence of its major pharmacologically active
constituents, thymol and carvacrol. This indicates
the oil is of standard chemical integrity and
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suitable for pharmaceutical formulation research.
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2. Formulation:

In this, can be check the optimized batch according
stability, Efficacy and high concentration of

Fig. 10: FTIR Graph of Thyme oil

Active Pharmaceutical Ingredient.

Formula for preparation of Emulsion Base

Table No. 3: Optimized Batch selection of emulsion

Formula | Ohr | 12hes | 24 hys | 48 hus | 72 hys | stable check reason
El v v v * * not stable not stable
E2 v v x x x not stable not stable
E3 x x x x x not stable not stable
E4 v v v v v stable less drug concentration
ES v v v v v stable less drug concentration
E6 v v v v v stable optimized batch
E7 v v v v v stable high level of smix
E8 v v v v v stable high level of gmix
E9 v v v v v stable high level of gmix

Optimized Batch Selection of Emulsion Batch E6
was chosen as the optimized batch. It has a high

£
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concentration of thyme oil and the required
concentration of Tween 80 and PEG 400 for better
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stability. Other batches (like E1-E3) were not
stable, or had less drug concentration (E4, ES), or
unnecessarily high Smix levels (E7-E9).

—— |
b
-

% ", )
- : z
- A2 -

~ e

Fig. 11: Emulsion batches

Formulation of Gel Base

Table No. 4: Selection of Optimized batch of Emulgel

Formula | Ohr | 12has, | 24 hes | 48 hes, | 72 hys | consisteney check reason
F1 v v v v v stable Low consistency
F2 v 4 v v v stable optimized batch
F3 v v v v v stable high stickey
F4 * * * * * not stable not suitable
F5 v * x x * not stable not suitable
F6 v x x x x not stable not suitable
F7 * * * * * not stable not suitable
F8 *x * *x x * not stable not suitable
Fo *x * *x * * not stable not suitable

Selection of Optimized Batch of Emulgel Batch F2
was optimized, fulfilling all considerations. Other
batches either had low consistency, were highly
sticky, or were simply unstable and unsuitable.

Fig. 12: Optimized Emulgel batch of emulgel

3. Evaluation method:
3.1 Visual Appearance

)

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

Color: The formulation was observed to be
light yellow to pale amber in color.

2. Clarity: The formulation appeared clear, semi-
transparent, and slightly glossy.

3. Homogeneity: The formulation was found to
be uniform and homogeneous, with no visible
oily spots, aggregates, or clumps.

4. Consistency: The formulation exhibited a
smooth and jelly-like consistency.

5. Phase Separation: No visible signs of phase
separation were observed during the
evaluation period.

3.2 Viscosity:

The viscosity of the sample was measured and
was found to be 4068 cP.
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Fig. 13: Viscosity test reading

3.3 pH Determination
The pH of the sample was determined and was
found to be 6.09.

Fig. 14: pH test reading

3.4 Spread ability

Fig. 15: Spread ability Testing

M =100 gm, L =3cm, T = 20 sec.

S = 1020:3 = 1515 g-cm/s

The spreadability of the sample was determined
and was found to be 15 g-cm/s

3.5 Globule Size and Polydispersity Index (PI)
The globule size was measured and it was found to
be 205.6 nm, and the PI was 0.317.

Measurement Results
Date

Measurement Type

Sample Name

Scattering Angle

Temperature of the Holder
Dispersion Medium Viscosity
Transmission Intensity before Meas.
Distribution Form

Distribution Form(Dispersity)
Representation of Result
Count Rate

Calculation Resuits

Z-Average
Pl

Poak No, [ SPAaRatio | Mean | SD |
1 | 1.00 L I3S5nm | N0om |
2 l .- | - nm ~nm |
2 Ll 0 Lol L B .l
Total | 1.00 123.5 nm 31.0 nm
Cumulant Operations

: 18 May 2026 17:13:04
: Particle Size

: Thyme OQil gel

: 90

: 260 °C

: 0.885 mPa's

: 17859

: Standard

. Monodisperse

: Scattering Light Intensity
: 823 kCPS

Mode
122 om |
— nm

- nm
1122 nm |

20566 nm
007

Fig. 16: Globule Size and PI testing result

3.6 Zeta Potential

j INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

The zeta potential of the emulgel was determined,
and the mean zeta potential was found to be —3.5
mV."
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Measurement Results
Measurement Resuits
Date ¢ 19 May 2026 17:09:10
Measurement Type ; Zeta Potential
Sample Name : Thyme oil gel
Temperature of the Holder 1 250°C
Dispersion Medium Viscosity  : 0.896 mPas
Conductivity : 0,350 mSicm
Electrode Voltage 33V
Calculation Results
Peak Ho. | Zeta Poteetial | Electrophoretic Mbiity |

1 A5mV 0 000027 cmaiVs |

2 | -—mv | - cm2Vs

) mv Vs
Zeta Potential (Mean)  S5mv
Electrophoretic Mobility Mean 0.000027 cmiVs

Fig. 17: Zeta Potential testing result

7. Centrifugation Test: Fig. 18: Centrifugation Testing

The centrifugation test was performed to evaluate
the physical stability of the nanoemulgel. No phase
separation was observed in the nanoemulgel after
centrifugation.

8. Accelerated Stability Studies:

Table No. 5: Accelerated Stability result

Sr. No. Test Result
1 Colour Change No change of light yellow colour
2 Texture Smooth and semi-solid gel
3 Homogenisity Uniform and clear
4 pH 5.98
5 Viscosity 3940 cP

9. Skin Irritation Test
The skin irritation test was performed to evaluate
the safety of the nanoemulgel formulation. The
formulation did not cause any skin irritation and
was found to be easy to apply on the skin.

10. In Vitro Antimicrobial Efficacy
Escherichia Coli ATCC no-8739

4 g"’\?ﬁ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES
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Fig. 19: Antimicrobial Activity

Against Escherichia coli ATCC no-8739, the
standard drug (Streptomycin at 1 mg/ml) produced
a ZOI of 35 mm. In contrast, Sample-574 showed
a ZOI of 01 mm at 5 mg/mL, and 02 mm at 10
mg/mL.

10. RESULT

1. Preformulation Results

1. Organoleptic Properties: The Thyme oil
sample was a clear, mobile liquid in a
colourless to pale yellow or reddish-brown
hue. It possessed a characteristic strong,
aromatic, and phenolic odour.

2. Physicochemical Evaluation: The oil was
found to be insoluble in water but soluble in
organic solvents such as ethanol. It
demonstrated a specific gravity/density of
approximately 0.922 g/mL and a boiling point
of around 195°C.

3. UV-Visible Spectrophotometry: The
maximum absorbance wavelength (Amax) for
the sample was identified at 272 nm. The
calibration curve showed a linear regression
R2 value of 0.9893.

4. FTIR Spectroscopy: The infrared spectrum
confirmed the presence of thymol and
carvacrol (the major pharmacologically active

FIHEN
("
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constituents) by displaying characteristic
peaks, including phenolic O-H stretch around
3530 cm™ and a C-O stretch at 1224 cm™.

2. Postformulation (Evaluation) Results

1. Visual  Appearance:  The  optimized
nanoemulgel was light yellow to pale amber,
semi-transparent, and visually clear. It was
homogeneous with a smooth, jelly-like
consistency and showed no visible phase
separation.

2. pH : The pH of the formulation was 6.09.

3. Viscosity: The viscosity was measured at
4068 cP.

4. Spreadability: The formulation exhibited a
spreadability of 15 g-cm/s.

5. Particle Characterization: The mean globule
size was measured at 205.6 nm with a
Polydispersity Index (PI) of 0.317. The mean
zeta potential was found to be —3.5 mV.

6. Stability: The nanoemulgel showed no phase
separation during the centrifugation test. In
accelerated stability studies, it maintained its
color, smooth texture, and homogeneity,
while recording a minor shift in pH to 5.98
and a viscosity of 3940 cP.

7. Safety: In a skin irritation test, the emulgel
was found to be easy to apply and did not
cause any irritation.

3. Antimicrobial Efficacy Results

Nanoemulgel activity: The formulation exhibited
dose-dependent activity, producing a Zone of
Inhibition (ZOI) of 1 mm at a 5 mg/mL
concentration, and a ZOI of 2 mm at a 10 mg/mL
concentration.

CONCLUSION

The primary objective of this project—to design,

formulate, and evaluate a stable topical
nanoemulgel incorporating Thyme oil—was
596 |Page
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successfully  achieved. By  systematically
optimizing the oil, surfactant (Tween 80), co-
surfactant (PEG 400), and gelling agent (Carbopol
934), the formulation overcame the inherent
biopharmaceutical challenges of Thyme oil, such
as its high volatility and poor aqueous solubility.
The optimized nanoemulgel (Batch F2) displayed
excellent physicochemical properties suitable for
topical drug delivery. Its nanometric globule size
(205.6 nm) and low polydispersity ensured an
even, elegant dispersion, while its pH of 6.09 and
optimal spreadability guarantee that it is safe, non-
irritating, and patient-compliant. Furthermore, the
formulation demonstrated robust thermodynamic
stability, maintaining its integrity
without phase separation even under accelerated
stress conditions.

structural

In terms of therapeutic efficacy, the in vitro
screening confirmed that the nanoemulgel
formulation successfully facilitated the release and
permeation of the essential oil. While the
did  exhibit  dose-dependent
antimicrobial activity against E. coli, the zones of
inhibition (1 mm to 2 mm) were notably smaller
than those of the synthetic standard antibiotic,
Streptomycin (35 mm). This suggests that while
the nanoemulgel is a highly stable and effective
delivery vehicle, further studies exploring higher
concentrations of Thyme oil, synergistic
combinations with other active agents, or testing

formulation

against different Gram-positive strains (like
Staphylococcus aureus) may be necessary to
maximize its clinical antimicrobial potency.
Ultimately, this Thyme oil nanoemulgel represents
a promising, green-pharmacology approach to
developing stable topical nanocarriers for

dermatological applications
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