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ABSTRACT

Conventional treatments for brain disorders are limited due to poor drug solubility and the blood-brain barrier. This study
developed a transethosomal in situ gel to leverage high vesicle deformability for enhanced penetration and sustained
neuroprotective release. A transethosomal in situ gel loaded with a phytopharmaceutical combination of Withania
somnifera (Ashwagandha), Bacopa monnieri (Brahmi), and Cynodon dactylon (Durva) were prepared via thin-film
hydration using soy lecithin, cholesterol, and Tween-80. Characterization included Scanning Electron Microscopy (SEM),
Fourier Transform Infrared Spectroscopy (FTIR), and entrapment efficiency (EE) analysis. The optimized vesicles were
incorporated into an in situ gel and evaluated for pH, viscosity, rheological properties, and in vitro drug release. SEM
confirmed spherical, well-defined transethosomes. FTIR spectra indicated no drug-excipient interactions, confirming
chemical stability. The optimized vesicles exhibited a high EE of 85.2% and a sustained cumulative release of 82.5%. The
final gel demonstrated a physiological pH of 6.4 and a viscosity of 3000 cP, indicating suitable properties for localized
application. The developed transethosomal in situ gel effectively combines high entrapment with favorable release kinetics.
This system represents a promising platform for the delivery of bioactive herbal compounds in managing chronic
neurodegenerative conditions..

Keywords: Polyherbal, Transethosomes, in-sifu gel, thin film hydration and neurodegenerative disease

How to cite this article: Gauri, Singh MP, Singh J, Goyal A, Development and Evaluation of Transethosomal loaded
Polyherbal in situ Gel for Extended Permeability in the Management of Neurodegenerative Disease.. .Int J Drug Deliv
Technol. 2026;16(1s): 1129-1135; DOI: 10.25258/ijddt.16. 1129-1135

Source of support: Nil.

Conflict of interest: None

eventually triggers programmed cell death®’. Current

INTRODUCTION

Neurodegenerative  diseases, including Alzheimer’s,
Parkinson’s, and Amyotrophic Lateral Sclerosis (ALS), are
chronic conditions characterized by the progressive loss of
neuronal structure and function. While these disorders
manifest different clinical symptoms—ranging from
cognitive decline to motor dysfunction—they share
common pathogenic pathways, such as the accumulation of
misfolded proteins (e.g., beta-amyloid plaques and alpha-
synuclein aggregates), mitochondrial dysfunction, and
chronic oxidative stress 2. Neurodegenerative diseases
represent a diverse group of chronic, progressive disorders
characterized by the selective and gradual loss of neurons
in specific regions of the brain or spinal cord. Although
these  conditions—including  Alzheimer’s  disease,
Parkinson’s  disease, = Huntington’s  disease, and
Amyotrophic Lateral Sclerosis (ALS)—present distinct
clinical symptoms ranging from memory loss to motor
dysfunction, they share fundamental molecular and cellular
pathways 34,

Central to the progression of these illnesses is the failure of
cellular homeostasis, often involving oxidative stress,
mitochondrial dysfunction, and compromised waste-
clearance systems, such as autophagy>. A hallmark of this
neurodegeneration is the aberrant aggregation of misfolded
proteins, which disrupts neuronal communication and

research is increasingly focused on identifying these
underlying mechanisms to develop targeted therapies
capable of delaying disease progression or halting neuronal
destruction °.

The progressive degeneration of neurons leads to a
systematic decline in memory, motor coordination, and
emotional processing, imposing profound emotional and
financial burdens on global healthcare systems. As the
aging population grows, the prevalence of these conditions
is projected to rise, underscoring an urgent medical
necessity for more potent treatments 1%,

Despite significant scientific advancements, the delivery of
effective neuroprotective agents remains a primary
obstacle. Traditional therapies often fail to achieve
therapeutic concentrations within the central nervous
system due to the selective permeability of the blood-brain
barrier and rapid drug clearance. Consequently, there is a
critical need for innovative delivery platforms that can
enhance the bioavailability of neuroprotective compounds
while providing sustained therapeutic action. This study
addresses this need by exploring a transethosomal in situ
gel designed to optimize the delivery of bioactive herbal
extracts.

MATERIAL AND METHOD
Material
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The samples of Winthania somnifera ( roots), bacopa
monnieri (whole plant) and cynodon dactylon (whole plant)
were collected from Patanjali Herbal Garden & Research
Center, Haridwar. Phosphatidylcholine, Ethanol, Sodium
deoxycholate purchased from Kriday Scientific Solutions,
Ambala, Haryana.

Plant Authentication

The plant materials, comprising Withania somnifera
(Ashwagandha), Bacopa monnieri (Brahmi), and Cynodon
dactylon (Durva), were collected and subjected to a
controlled drying process for a period of six months. The
specimens were authenticated at the National Institute of
Science Communication and Policy Research (NIScPR),
Delhi. The authentication was confirmed under the
following certificate reference numbers:

W. somnifera: NISCPR/RHMD/Consult/2022/4167-8-1

B. monnieri: NISCPR/RHMD/Consult/2022/4167-8-2

C. dactylon: NIScPR/RHMD/Consult/2022/4167-8-3
Extraction of Herbal Bioactives

The authenticated plant materials were processed using
specific extraction protocols to ensure maximum yield of
the bioactive constituents:

Extraction of Withania somnifera: The dried roots were
ground into a coarse powder and passed through sieve no.
20. The resulting powder was extracted using a hydro-
ethanolic solvent system (ethanol:water, 1:1) via a
conventional reflux technique for 5 hours!>!4,

Extraction of Bacopa monnieri: The herb was ground and
passed through sieve no. 20. A 60 g portion of the coarse
powder was initially macerated in 600 mL of distilled water
for 24 hours. Subsequently, the mixture was processed via
conventional extraction using a hydro-ethanolic ratio of
70:30 (ethanol:water) for 5 hours'>-16,

Extraction of Cynodon dactylon: The raw herb was
coarsely powdered and subjected to cold maceration in a
70:30 ethanol:water solvent system. The material remained
soaked for 72 hours before being filtered to obtain the
extract!’.

Preformulation Studies

Preformulation studies were conducted to establish the
physicochemical profile of the herbal mixture
(Ashwagandha:Brahmi:Durva) to ensure compatibility and
stability before formulation development.

Organoleptic Characterization: The physical appearance
of the herbal powder was examined for its organoleptic
properties, including color, taste, and odor'®.

Melting Point Determination: The melting point was
determined using the capillary fusion method with a Remi
melting point apparatus. The temperature at which the solid
drug converted into a liquid state was recorded and
compared with official pharmacopoeia standards'®.
Determination of Absorption Maxima ($2_{max}$): To
establish a baseline for quantitative analysis, a 100 pg/mL
stock solution was prepared in methanol. This was further
diluted to 5 pg/mL and scanned across a wavelength range
of 200400 nm wusing a Shimadzu UV-Visible
spectrophotometer?’.

Fourier Transform Infrared (FTIR) Spectroscopy: FTIR
analysis was performed in the range of 4000 cm-1 and 400

cm-1to identify functional groups and ensure the chemical
integrity of the mixture compared to standard spectra®!.
Formulation and Development of Transethosomes

The thin-film hydration technique was used to create
transethosomes. Preformulation solubility experiments
were used to optimize the ratio of lipid to surfactant.
Phosphatidylcholine, Tween-80, and the herbal medicine
mixture (2:1:5 w/w) were precisely weighed and dissolved
in a chloroform:ethanol (2:1 v/v) solvent system. In order
to create a homogeneous thin film, the solvent was
evaporated under low pressure using a rotary evaporator
below the lipid transition temperature. Any remaining
solvents were then eliminated by vacuum drying. An
aqueous ethanolic phase (20-30% v/v) was used for
hydration, and multilamellar vesicles were formed by
gently rotating the mixture. The final transethosomal
solution was obtained by centrifuging the dispersion to
remove unencapsulated medication after it had been probe-
sonicated to achieve uniform vesicle size?*%.

Table 1: Composition of Transethosomes

SDC
Formulation | PL90( | (%W/W) | Ethanol
W/W) (%
W/W)
F1 80 20 20
F2 80 20 30
F3 85 15 20
F4 85 15 30
F5 90 10 20
F6 90 10 30

Characterization of Transethosomes

Particle size and polydispersity index

Dilute an accurately weighed aliquot of the transethosomal
dispersion with filtered phosphate buffer to an appropriate
scattering intensity (typically 1:50-1:200, v/v) to avoid
multiple scattering. Transfer the diluted sample into a clean
cuvette and measure hydrodynamic diameter and
polydispersity index (PDI) by dynamic light scattering at
25°C, using a scattering angle recommended by the
instrument®*.

Zeta potential

Take the same diluted sample and measure electrophoretic
mobility using a zeta sizer. Convert mobility to zeta
potential using the instrument’s software (Smoluchowski).
Report the mean + SD from three runs on colloidal stability
25

Transmission Electron Microscope (TEM):

The morphological structure of the optimized formulation
was examined by Scanning Electron Microscopy Hitachi
(H-7500) having voltage acceleration 120 kV by mounted
sample in it. 6.

Entrapment efficiency

The entrapment efficiency of drug-loaded transethosomes
was determined by the centrifugation method. After
centrifugation, the clear supernatant containing the
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unentrapped drug was carefully collected, suitably diluted
with methanol, and analyzed spectrophotometrically at 260
nm using a UV—Visible spectrophotometer 7.
Preparation of gel

Carbopol 934P (1.5% w/w) was immersed in a small
quantity of water for one hour, and then 10 ml of
transethosomes dispersion containing polyherbal extract
was added. The mixture was agitated at a speed of 700
revolutions per minute in a sealed container with a constant
temperature of 30°C until a uniform was transethosomes gel
formed. In order to preserve the neutral pH, triethanolamine
was gradually introduced into the stirring mixture?®,
Evaluation of Drug loaded transethsomoal gel

Physical Evaluation: Visual inspection was used to assess
the Drug loaded transethsomoal gel physical features,
clarity, washability, and organoleptic properties.
Determination of pH: Using a calibrated digital pH metre,
the pH of the produced gel was determined.
Spreadability: The Drug loaded transethsomal gel
Spreadability was measured by determining the diameter of
a 1 g gel after 5 minutes between horizontal plates (20 x 20
cm?). 500g was the typical weight fastened to the top plate.
Extrudability study: The gel formulations were evaluated
by filling collapsible tubes, with the formulation measured
according to the weight in grams necessary to extrude a 0.8
cm ribbon of gel

Viscosity: Viscometer was used for rheological studies.
Sufficient quantity of sample was placed in a beaker and
was allowed to equilibrate for 5 minutes before the reading
was taken on T-spindle rotating at 5 rpm. Corresponding
readings were obtained wrt the speed.

In-vitro drug release study: The optimized gel was
conducted on in-vitro release study encumbered with Drug
to determine the most effective formulation. This
investigation used a dialysis membrane using Franz
Diffusion Cell with size of 0.4 pm pore. The membrane is
absorbed in a 7.4 buffer solution of phosphate for a duration
of 24 hours.

Stability Study: The drug retention capacity of vesicles in
a gel formulation was evaluated by subjecting the gel to
various temperatures as per ICH guidelines®.
Results:

Physical/ morphological Characterisation:
odour state and taste is mentioned in table no. 2
Table No. 2. Physical Parameters of Herbal Extracts

Colour

Physical Observation

Parameter Ashwagandha Brahmi Dhruva
Colaur, Brown Brown to dark brown white
State Free-flowing powder Dry powder Dry powder
Qdour Slightly bitter Pungent Bitter
Taste Bitter to astringent Bitter earthy

Melting Point: The Melting point of Aswagandha, Brahmi
and Dhruva is mentioned in table no. 3
Table No. 3. Melting Point of Herbal Extracts

Observation

Ashwagandha Brahmi Dhruva

Melting Point

250°C 220°C 22°C

Solubility: Solubility of herbal extracts are shown in
table no. 4

Table No. 4. Solubility of Herbal Extracts

Soluhility Ohservation
Aswagaadhi Brahmi Dhruva
Water Partially sofuble Partially sofuble Partially soluble
Acetone Slightly soluble Slightly soluble Slightly soluble
Ethanol Soluble Soluble Soluble
Methanol Freely soluble Freely soluble Freely soluble

Determination of absorption maxima (Amax)
Ashwagandha: The calibration curve of Ashwagandha in
phosphate buffer (pH 7.4) showed linearity within the tested
concentration range, confirming the suitability of UV
spectrophotometric quantification. The obtained Amax
values of 228 nm (buffer) align with reported UV
absorption characteristics of withanolides, validating the
compound’s identity.

Brahmi: The calibration curve of Brahmi in phosphate
buffer (pH 7.4) showed linearity within the tested
concentration range, confirming the suitability of UV
spectrophotometric quantification. The obtained Amax
values of 271 nm (buffer) align with reported UV
absorption characteristics of Bacosides, validating the
compound’s identity.

Dhruva : Calibration curves demonstrated satisfactory
linearity in buffer and distilled water systems, with Amax
observed at 298 nm, confirming suitability for UV analysis
during drug release studies.

FTIR analysis

Ashwagandha: FTIR spectroscopic analysis revealed
distinct bands corresponding to major functional groups
including C=0 stretching at 1705.21 cm™, C-O stretching
at 1020 cm™!, and CHs stretching at 2812.71 cm™! as shown
in figure 5.1 and table 5.4 . These peaks correlate with
lactones, alcohols, ester bonds, and phytoconstituents such
as withaferin A, confirming the chemical integrity of the
extract after processing.
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Figure 4: Analysis of Ashwagandha

Brahmi: FTIR spectral interpretation showed characteristic
peaks indicating OH stretching at 3359.19 cm™, C-H
stretching around 2900.89 cm™, carbonyl stretching for
C=0at1730.50 cm™', C=C at 1614.53 cm™" and C-O stretch
at 1080.53 cm™. These functional groups correspond to the
presence of phenols, flavonoids, carbohydrates, and
saponins, supporting the phytochemical profile expected for
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Figure 6: Analysis of Dhruva
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Figure 5: Analysis of Brahmi

Dhruva: FTIR analysis displayed significant absorption
peaks corresponding to S—O (1025.10 cm™), C=0 (1710.01
cm™), S=0 (1340.77 cm™), C-S (800.20 cm™), and C=OH
(1440.50 cm™). The presence of sulphur-based bonds
differentiates Bermuda grass from the other extracts and
supports reported pharmacologically active constituents
such as sterols and lignans.

Transmission Electron Microscope (TEM): The images
shown in figure no. 7 of transethosomes revealed that the
particles were nearly spherical with uniform distribution,
confirming successful formulation at the nanoscale.

Figure 7: TEM analysis

Characterization of Entrapment Efficiency: Based on
Entrapment efficacy F4 was better 8§9.82+1.35%
Table 6: % Entrapment Efficiency

Formulation Entrapment Efficiency
Fl1 74.45£1.55
F2 77.06+£0.35
F3 79.93+1.67
F4 89.82+1.35
F5 83.84+1.32
F6 88.85+2.48
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Determination of Particle Size:

The particle size and Zeta potential of prepared
transfersomal gel was determine by using Zetasizer ver
7.13 serial (Malvern Instruments). Each measurement was
performed in triplicate. which clearly depicts the particle
size and zeta potential of the transfersomes formed from the
figure no. 8

Size Distribution by Intensity

Intensity(Percent)

0.1 1 10 100 1000 10000
Size (d.nm)

Figure 8: Determination of particle size
Zeta Potential:
The zeta potential of transferosomal formulation F4 was -
28.5. Thus, the results shows that the particle size of the
transfersomes formed was in the required range, therefore a
stable Transferosomal carriers formulated successfully
shown in figure no.9
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Figure 9: Determination of Zeta Potential

Characterization of Gel

Physical appearance: All gel formulations appeared
smooth, translucent, and free of grittiness, indicating
uniform mixing and absence of particulate matter.

pH of gel: The ph measurement of the Transethosomal gel
carried out by using digital pH meter at room temperature.
The pH value of the Transethosomal gel was found to be
6.4.

Spreadability: The Spreadability of the Transethosomal
gel was found to be in the range of 6.3g/sec.
Extrudability: Extrudability assessment scored "+++",
indicating excellent ease of dispensing from the container.

This quality is clinically essential as it supports practical
applicability and dose accuracy.

Viscosity: The viscosity of transethosmal gel at different
rpm was found, 3000 ¢p,2000cp ,800cP,500cP and 450cP

Drug Release:

The outstanding in vitro drug release (82.5%) of the F4
formulation shows how effectively it delivers medication.
This release profile enhances therapeutic efficacy by
ensuring that a significant portion of the drug is available
for absorption. F4 optimal composition, balanced
phospholipid and surfactant ratios, suitable ethanol level,
and vesicle properties that facilitate effective drug diffusion
are all responsible for its exceptional performance.

In-vitro Drug Release Profile
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Figure No 7: Drug release of different formulations
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SUMMARY AND CONCLUSION

The development and evaluation of these three medications'
transethosomal insitu gel (Ashwagandha, Brahmi, and
Dhruva) is a significant advancement in topical medication
delivery techniques. The formulation demonstrated
significant promise in terms of penetration, stability, and
therapeutic efficacy. This innovative approach provides
targeted treatment with minimal side effects, making it a
competitive alternative to conventional oral formulations.
Future research to verify the formulation's efficacy and
safety in human beings may primarily rely on clinical trials.
Additionally, a successful commercialisation of the
formulation will depend on examining its scalability and
cost-effectiveness. All things considered, the research paves
the way for the use of transethosomal systems in
dermatological and systemic therapy, paving the way for the
development of novel drug delivery techniques.
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