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ABSTRACT: The present study focused on the formulaton and optimization of
dissolving microneedle-assisted transdermal patches containing the phytoconstituents
Charantin and Gymnemic acid using a pharmaceutical-grade beeswax mould.
Hydrophilic polymers, including polyvinyl alcohol (PVA), polyvinylpyrrolidone K30
(PVP K30), hydroxypropyl methylcellulose E15, and sodium alginate, were screened for
their suitability in microneedle fabrication. Preliminary formulations were prepared using
PVA, PVP K30, and polyethylene glycol 400 (PEG 400), and evaluated for appearance,
microneedle morphology, ease of demoulding, mechanical integrity, flexibility,
uniformity of microneedle formation, drug content, swelling behaviour, in vitro drug

release, and transdermal flux.

Five preliminary trial batches were prepared with varying concentrations of Charantin
and Gymnemic acid. Among these, TB2, containing 5 mg of each phytoconstituent,
demonstrated the most satisfactory overall characteristics, including sharp and uniformly
formed microneedles, good mechanical strength, flexibility, drug content uniformity of
99.12 £ 0.86%, and cumulative drug release of 96.84 £ 0.92% after 24 hours. Further
optimization was performed using a [2°3] full factorial design to investigate the effects
of PVA, PVP K30, and PEG 400 concentrations on cumulative drug release and

transdermal flux.

The optimized formulation exhibited satisfactory physicochemical and mechanical
properties. The factorial batches showed drug release values ranging from 84.36 *
1.42% to 98.64 * 0.78%, while the transdermal flux ranged from 162.84 = 3.12 to
218.76 £ 2.48 pg/cm?/h. Formulation B8, containing 20% PVA, 10% PVP K30, and
15% PEG 400, demonstrated the highest cumulative drug release and transdermal flux.
The findings indicate that beeswax mould-based dissolving microneedle patches may
provide a promising transdermal delivery platform for Charantin and Gymnemic acid.

The oral administration of phytoconstituents may be associated with several limitations, including poor aqueous solubility,

variable gastrointestinal absorption, enzymatic degradation, first-pass metabolism, and difficulty in maintaining consistent

plasma drug concentrations. These limitations can reduce the therapeutic efficiency of bioactive plant constituents and may

necessitate frequent administration. Transdermal drug delivery provides an alternative route capable of bypassing the
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gastrointestinal tract and hepatic first-pass metabolism while offering the possibility of sustained drug release and improved
patient compliance (1-3).

However, the stratum corneum, the outermost layer of the skin, represents a significant barrier to the transport of most
therapeutic molecules. Conventional transdermal patches are generally suitable only for potent, low-molecular-weight drugs
with adequate lipophilicity and skin permeability. Phytoconstituents with limited permeability or unfavourable
physicochemical properties may therefore require a method capable of temporarily disrupting the skin barrier without causing
substantial tissue damage (4-0).

Microneedle technology has emerged as an effective approach for enhancing transdermal delivery. Microneedles ate micron-
sized projections capable of creating temporary aqueous microchannels within the stratum corneum, thereby facilitating drug
transport into the skin. Dissolving microneedles are particularly advantageous because they are composed of water-soluble or
biodegradable polymers that dissolve after insertion, eliminating the need for sharps disposal and reducing the possibility of
needle retention. Their minimally invasive nature may also improve patient acceptability compared with conventional
hypodermic injections (7-10).Charantin and Gymnemic acid are important phytoconstituents associated with the therapeutic
potential of Momordica charantia and Gymnema sylvestre, respectively. Their incorporation into a microneedle-assisted
transdermal system may improve drug administration by promoting controlled delivery and reducing limitations associated
with conventional routes. Nevertheless, successful microneedle fabrication requires careful selection of polymers and
plasticizers to obtain sufficient mechanical strength, sharp needle tips, uniform mould filling, rapid dissolution, and effective
drug release (11-15).

In the present study, PVA, PVP K30, and PEG 400 were selected as the principal formulation components. PVA and PVP
K30 provide film-forming, hydrophilic, and structural properties, whereas PEG 400 acts as a plasticizer that improves
flexibility and reduces brittleness. A beeswax mould method was employed to fabricate the microneedle arrays because it
offers a simple, economical, and adaptable approach for producing negative microneedle cavities. Preliminary trial batches
were prepared to identify a suitable drug loading and polymeric composition. Subsequently, a [2”3] full factorial design was
used to investigate the individual and interactive effects of PVA, PVP K30, and PEG 400 on cumulative drug release and
transdermal flux. The objective of this investigation was therefore to develop and optimize dissolving microneedle
transdermal patches containing Charantin and Gymnemic acid using a beeswax mould-based fabrication technique and to

evaluate their physicochemical, mechanical, drug-release, and permeation characteristics (17-20).
MATERIALS AND METHODS
Selection of Polymers for Microneedle-Assisted Transdermal Patches of Charantin and Gymnemic acid [15:16]

The hydrophilic polymers ate to be screened in individual instances and in suitable combinations- polyvinyl alcohol (PVA),
polyvinylpyrrolidone (PVP K30), hydroxypropyl methylcellulose (HPMC E15), and sodium alginate. Polymer solutions of
varying concentrations are to be prepared in distilled water under continuous magnetic stirring at either room temperature or
at 40-60°C, depending on the polymer, until 2 homogeneous solution is obtained. The prepared polymer solutions shall be
evaluated for clarity, viscosity, pH, homogeneity, ease of mould filling, film-forming ability. It is the conclusion of the present
study, based on these preliminary evaluations, that the polymer or polymer blend exhibiting optimum physicochemical

properties, adequate mechanical strength, and suitable processing characteristics should be selected for further study.

Table 1: Data for Selection of Polymer Blend

Sodium PEG 400 (%
PVP K30 (% | HPMC E15 (%
Trial Batch | PVA (% w/v) 4 o Alginate (% w/w of total
w/v) w/v)
w/v) polymer)
Tl 15 15 - - 10
T2 15 - - - 10
T3 15 - 5 - 10
T4 15 - - 3 10
T5 10 10 2 2 10
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Preparation of Beeswax Mold

The beeswax must be of the highest pharmaceutical grade and be melted in a stainless-steel beaker at a temperature of 65—
70°C using a water bath. The molten beeswax is then poured into a clean Petti dish, resulting in a wax layer with a thickness
of approximately 5-8 mm. Prior to complete solidification, a stainless-steel microneedle master template (or an array of
stainless-steel acupuncture needles/insect pins arranged uniformly) is to be vertically pressed into the softened beeswax to
produce uniformly distributed conical cavities. Following a cooling period to ambient temperature, the master template is to
be meticulously removed, thereby leaving a negative beeswax mould containing microneedle cavities. Prior to utilisation, a

visual inspection of the mould is required to ensure the uniformity of the cavity dimensions and the absence of any defects.
Fabrication of Microneedle-Assisted Transdermal Patches

PVA (15% w/v) is dissolved in distilled water at 80-90°C with stirring and cooled to room temperature. PVP K30 (15% w/v)
is then added gradually, followed by PEG 400 (10% w/w of total polymer) as a plasticizer. Accurately weighed charantin and
gymnemic acid are dissolved/dispersed in methanol and incorporated into the polymer solution with continuous stitring for
20-30 minutes. The formulation is allowed to stand or vacuum-treated to remove air bubbles. The drug-loaded solution is
poured into the beeswax mould and gently tapped or centrifuged at 3000-3500 rpm for 10—15 minutes to ensure complete
cavity filling. The mould is dried at 25 + 2°C for 24 hours or at 35-40°C for 8-10 hours. The dried microneedle patch is
carefully removed and packed in laminated aluminium pouches with silica gel, then stored at 25 + 2°C until evaluation (21-
22).

Preliminary trial batches for Microneedle-Assisted Transdermal Patches of Charantin and Gymnemic acid

Initial trial batches were prepared to identify a suitable polymer composition for dissolving microneedle patches with
adequate mechanical strength, flexibility, rapid dissolution, and satisfactory drug release. Based on literature review,
preliminaty trials, and polymer properties, the polymer composition was fixed at PVA 15% w/v, PVP K30 15% w/v, and

PEG 400 10% w/w. Different drug loadings will then be evaluated using this fixed polymer composition to determine the

optimum drug concentration for well-formed and mechanically stable microneedles.

Table 2: Preliminary trial batches of Micro-needle-Assisted Transdermal Patches

Ingredients TB1 TB2 TB3 TB4 TB5

Charantin (mg) 2.5 5.0 7.5 10.0 12.5

Gymnemic acid (mg) 2.5 5.0 7.5 10.0 12.5

PVA (15% w/v) (g) 1.5 1.5 1.5 1.5 1.5

PVP K30 (15% w/v) () 1.5 1.5 1.5 1.5 1.5

PEG 400 (10% w/w of total polymer) (mg) 300 300 300 300 300
. qgs.to1l0 | qs.t0o10 | qs.t0o10 | g.s.t0o 10 | gs.to 10

Distilled Water ol ol ol ol .

Evaluation of trial batches of Micro-needle-Assisted Transdermal Patches

The preliminary trial batches of dissolving micro-needle-assisted transdermal patches were evaluated in order to identify the
most suitable polymeric composition for subsequent optimization by factorial design. An examination was conducted on the
prepared patches to ascertain their physical appearance, microneedle formation, mechanical integrity, flexibility, and

preliminary drug release characteristics.
2. Microneedle Morphology

The prepared microneedles were then subjected to a thorough observation using an optical microscope. This evaluation
encompassed several parameters, including the morphology of the needles, the sharpness of the tips, the uniformity of the
needle arrangement, the completeness of the cavity filling, and the presence of broken or deformed needles. The formulation

that exhibited well-defined and uniformly distributed microneedles was deemed suitable for further optimization.
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3. Ease of Demoulding

The prepared patches were then meticulously extracted from the beeswax mould using sterile forceps, after which they were
subjected to a thorough evaluation to ascertain their ease of demoulding. The patches were then subjected to rigorous
scrutiny to ascertain the presence of any needle breakage, deformation, or adherence to the mould surface. Formulations that
could be removed without causing damage were considered acceptable.

4. Mechanical integrity

The mechanical strength of the microneedles was assessed manually by applying gentle thumb pressure to the patch surface.
Microneedles that remained intact without bending or fracture were considered mechanically acceptable for skin insertion.

5. Patch Flexibility

The flexibility of the prepared patches was evaluated by subjecting the backing layer to a gentle bend of approximately 180°.
The patches were subjected to a thorough examination to ascertain the presence of any cracks, brittleness, or permanent

deformation. Flexible patches that did not exhibit visible cracks were deemed suitable for further investigation.
6. Uniformity of micro needle formation

The entire micro needle array was examined under an optical microscope to determine the uniformity of needle height, base
diameter, spacing, and tip formation. Microneedles exhibiting uniform formation and complete cavity filling were deemed to

be acceptable.
7. Preliminary investigation of drug content uniformity

Preliminary drug content uniformity will be evaluated to determine the uniform distribution of charantin and gymnemic acid
in the microneedle matrix. Three patches of identical size (2 X 2 cm?) will be randomly selected from each trial batch, cut into
small pieces, and transferred to a 100 mL volumetric flask containing 70 mL of methanol:phosphate buffer pH 7.4 (70:30,
v/v). The samples will be sonicated for 30 minutes, diluted to volume with the same solvent, and filtered through a 0.45 um
membrane filter. Suitable dilutions will be prepared, and the drug content will be determined simultaneously using the
validated UV method. The percentage drug content will be calculated as:

Drug Content (%) = (Actual amount of drug / Theoretical amount of drug) X 100
8. The preliminary in vitro drug release study

The preliminary in vitro drug release study will be performed using a Franz diffusion cell to evaluate the release of charantin
and gymnemic acid from the microneedle matrix. A pre-hydrated cellulose acetate membrane (MWCO 12-14 kDa) will be
placed between the donor and receptor compartments. The receptor compartment will contain phosphate buffer (pH 7.4)
with 20% v/v ethanol and will be maintained at 37 £ 0.5°C with stitring at 500 rpm. The microneedle patch will be placed on
the membrane with the microneedle side facing the membrane. Samples (1 mL) will be withdrawn at 0.5, 1, 2, 4, 6, 8, 12, and
24 hours and replaced with an equal volume of fresh, preheated medium. Samples will be filtered through a 0.45 pm
membrane filter and analysed using the validated UV method. Cumulative drug release will be calculated with volume-
replacement correction and plotted against time. The trial batch showing satisfactory and uniform drug release will be selected
for further optimization using a 2* factorial design (22-25).

Selection of an Optimized Trial Batch

Following a comprehensive evaluation of the formulation, including physical appearance, microneedle morphology,
mechanical integrity, ease of demoulding, flexibility, drug content uniformity, and preliminatry in vitro drug release, it was
determined that the formulation demonstrating optimum performance should be selected as the preliminary optimized trial
batch. This formulation was subsequently employed as the centre-point formulation for the 2* full factorial design to optimise
the concentrations of PVA, PVP K30, and PEG 400 with respect to cumulative drug release and transdermal flux.

Factorial Design for Micro-needle-Assisted Transdermal Patches of Charantin and Gymnemic acid

The formulation variables affecting the performance of dissolving micro-needle-assisted transdermal patches containing
Charantin and Gymnemic acid were optimised using a 2° full factorial design. The experimental design was generated using

1035
Natural Resources for Human Health (NRFHH)

https://nrfhh.com



Natural Resources for
Human Health

elSSN: 2583-1194

Design-Expert® software (Version 13.0, Stat-Fase Inc.). A full factorial design was selected to evaluate the individual and

interaction effects of three independent formulation variables on the critical quality attributes of the microneedle patches.

Table 3: Experimental design batches of Micro-needle-Assisted Transdermal Patches

Factor 1 Factor 2 Factor 3 Response 1 | Response 2
A:Concentration of B:Concnetration of C:fcli)nlcen}tlr::tion C lati
Std | Run | Polyvinyl Alcohol | Polyvinylpyrrolidone K ((})lchI}:leOtO Z;ECG dr‘;::‘;et;v:e Flux
(PVA) 30 (PVP K30) 400)
% v % %) (ng/ C)mz/ h
1 1 10 10 5
5 2 10 10 15
12 3 15 15 10
8 4 20 20 15
7 5 10 20 15
13 6 15 15 10
4 7 20 20 5
8 20 10 15
10 9 15 15 10
3 10 10 20 5
2 11 20 10 5
9 12 15 15 10
11 13 15 15 10

The experimental runs were subjected to randomisation by the software programme in order to minimise systematic bias and
the influence of uncontrolled vatiables. The centre-point formulations were distributed throughout the experimental sequence
rather than being performed consecutively. This enabled estimation of pure experimental error, assessment of process

reproducibility, and detection of curvature in the response surface.

Table 4: Experimental factors for design batches

Code | Cod Std.
Facto Name Unit Type SubType Minimu Maximu (:l € (21 € Mea Dev
r s m m . n
Low High
Concentration of
i i 1 +1
A | Polyvinyl Alcohol | v | Numer | Continuou oy, o 20.00 - | 1500 | 4.08
c s 10.00 | 20.00
(PVA)
Concnetration of
i i 1 +1
B | Polyvinylpyrrolidon | % | Tumert | Continuou by, o, 2000 |} o;(; 2 (I)’ 15.00 | 4.08
C S . B
e K 30 (PVP K30)
Concentration of
Polyethylene Numeri | Continuou e | Hle
C % 5.00 15.00 10.00 | 4.08
Glycol 400 (PEG ’ c s 500 | 15.00
400)
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Evaluation of Designed Micro-needle Transdermal Patches

The physicochemical, mechanical, morphological, and drug delivery characteristics of dissolving micro-needle-assisted
transdermal patches containing Charantin and Gymnemic acid are to be evaluated using a factorial design batches approach.

1. Determination of thickness of formulated patch

The thickness of the microneedle patches is to be measured using a calibrated digital micrometer at five different locations
(centre and four corners). The mean thickness was calculated and expressed in millimetres.

2. Weight Variation test

A total of ten microneedle patches are to be selected at random, and subsequently weighed individually using an analytical

balance. The mean weight, standard deviation, and percentage deviation was calculated.
3. Determination of Folding Endurance

The flexibility of the backing layer is determined by repeatedly folding the patch at the same location until visible cracks
appear ot the patch breaks. The number of folds required to produce failure is to be recorded as the folding endurance.

4. Determination of Surface pH

The microneedle patches, which have been prepared in advance, are to be applied to the agar gel (prepared with distilled
water) for a period of two hours. Thereafter, the surface pH was measured using a calibrated digital pH meter, with the
electrode being gently placed in contact with the surface of the hydrated patch.

5. Determination of Drug Content Uniformity

The content of the Charantin and Gymnemic acid determined by the dissolution of a known area of the microneedle
patch in a methanol/ethanol, followed by sonication. The solution is to be filtered through a 0.45 pm membrane filter
and analysed using the validated Uv method for simultaneous estimation of Charantin and Gymnemic acid. The

percentage of the theoretical drug content was expressed as the drug content.
6. Determination of the swelling index

Micro-needle-assisted transdermal patches measuring 1 cm? from each batch was weighed and placed on a pre-weighed cover
slip. The specimen was placed in a petri dish, after which 10 mL of distilled water was added. Following a period of 10
minutes, the cover slip was detached and the excess water was meticulously removed using a tissue paper. The object was
then weighed. The weight increase resulting from the absorption of water and subsequent swelling of the patch was
determined through a meticulous calculation of the difference between the initial and final weights. The percentage swelling

index was calculated using the following equation

% Swelling index = (Wt - Wo / Wo) X100
Where Wt is the final weight of the swollen film after time t, and Wo is the initial weight of the film at zero time.
7. InVitro Drug Release

The in vitro drug release study is to be conducted using above process (given in preliminary in vitro dissolution study) a Franz
diffusion cell containing phosphate buffer (pH 7.4) as the receptor medium. Samples are to be withdrawn at predetermined
intervals up to 24 hours and analysed by Uv- visible Spectrophotometer. The cumulative percentage drug release shall be
calculated and plotted against time.

8. Determination of Flux

Excised goat abdominal skin will be mounted between the donor and receptor compartments of a Franz diffusion cell, with
the stratum corneum facing the donor side. The receptor compartment will contain phosphate buffer (pH 7.4) with 20% v/v
ethanol and will be maintained at 37 £ 0.5°C with stirring at 500 rpm. The microneedle patch will be applied to the skin, and
1 mL samples will be withdrawn at 0.5, 1, 2, 4, 6, 8, 12, and 24 hours, replacing each sample with an equal volume of fresh,
preheated medium. Samples will be filtered through a 0.45 um membrane filter and analysed using the validated UV-Visible
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spectrophotomettic method. The cumulative amount of drug permeated will be calculated and expressed as pg/cm? based on

the effective diffusion area of the Franz diffusion cell.
Jss =dQ/dt/ A
Where,
Jss = Steady-state flux (ug/cm?/h)
dQ/dt = Steady-state permeation rate (slope of the linear portion of the cumulative amount permeated vs. time plot) (ug/h)

A = Effective diffusion area of the Franz diffusion cell (cm?)

Table 5: Optimized batch Final formula

Ingredients TB1
Charantin (mg) 5
Gymnemic acid (mg) 5
PVA (20% w/v) (g) 2.0
PVP K30 (10% w/v) (g) 1.0
PEG 400 (15% w/w of total polymer) (mg) 450
Distilled Water g.s. to 10 mL

Preliminary trial batches for Microneedle-Assisted Transdermal Patches of Charantin and Gymnemic acid

Five preliminary trial batches (T1-T5) of microneedle-assisted transdermal patches containing Charantin and Gymnemic acid
were prepared using the beeswax mould casting method to identify an appropriate polymeric composition for further
optimization. The formulations were prepared by varying the concentrations of Polyvinyl Alcohol (PVA),
Polyvinylpyrrolidone K30 (PVP K30), and Polyethylene Glycol 400 (PEG 400), while maintaining a constant concentration
of both phytoconstituents. The prepared patches were then subjected to a comprehensive evaluation that encompassed
various parameters, including visual appearance, ease of demoulding, Microneedle Morphology, mechanical integrity, patch
flexibility, uniformity of micro needle formation, preliminary drug content uniformity, and preliminary in vitro drug release.

Figure 1: Bees wax mold for the formulation of Microneedle-Assisted Transdermal Patches
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Figure 2: Preliminary trial batches of Microneedle-Assisted Transdermal Patches of Charantin and Gymnemic acid
Evaluation of trial batches of Micro-needle-Assisted Transdermal Patches
1) Visual Inspection

It was determined through visual inspection that an increase in the concentration of Charantin and Gymnemic acid resulted
in a gradual intensification of the colour of the patches, accompanied by a slight reduction in transparency at higher drug
loadings. The polymeric matrix composed of PVA, PVP K30, and PEG 400 effectively maintained the structural integrity and
flexibility of the patches across all formulations.

2) Microneedle Morphology

The morphological evaluation indicated that the selected polymeric matrix possessed excellent mouldability and consistently
produced well-defined microneedle arrays. The increase in drug concentration from 2.5 mg to 12.5 mg had only a minor
influence on needle morphology. Although formulations containing higher drug concentrations (IB4 and TB5) exhibited
slight reductions in tip sharpness and surface uniformity, complete needle formation and structural integrity were maintained.
TB2 exhibited the optimal overall morphology, characterised by sharp needle tips, uniform geometry, and exceptional
structural integrity, thus establishing itself as the most suitable formulation for subsequent factorial optimisation.

3) Ease of Demoulding

All preliminary trial batches showed satisfactory demoulding, with minimal adhesion to the beeswax mould. PEG 400
improved polymer flexibility and facilitated clean removal of the patches. Although TB4 and TB5 required slightly greater
force due to their higher drug loading, all patches retained their structural integrity and complete microneedle arrays. TB2

showed the best overall demoulding characteristics and was therefore selected for further factorial optimization.
4) Mechanical integrity

The mechanical integrity of the microneedles was mainly attributed to the PVA-PVP K30 matrix, while PEG 400 improved
flexibility and reduced brittleness. Drug loading from 2.5 to 7.5 mg showed little effect on mechanical strength, whereas
higher drug loading (10.0 and 12.5 mg) slightly reduced needle rigidity, possibly due to increased solid content and reduced
polymer continuity. However, all formulations maintained their structural integrity without fracture or collapse. TB2 provided
the best balance between drug loading and mechanical strength and was therefore selected for further optimization.

5) Patch Flexibility

The flexibility of the patches was attributed to the combined effect of PVA, PVP K30, and PEG 400, which provided
adequate elasticity for handling and application. Drug loading from 2.5 to 7.5 mg had minimal effect on flexibility, while
higher loading (10-12.5 mg) slightly increased patch stiffness, possibly due to reduced polymer chain mobility. However, no
formulation showed cracking or structural damage during bending. TB2 demonstrated the best balance of flexibility, elastic
recovery, handling, and drug loading and was therefore selected for further optimization.
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6) Uniformity of micro needle formation

Microneedle uniformity was mainly influenced by the flow and viscosity of the drug—polymer solution during casting. The
selected polymer system provided adequate viscosity for proper mould filling and consistent needle formation. Drug loading
up to 5.0 mg had little effect on needle formation, whereas higher loading (10-12.5 mg) slightly reduced needle height and tip
sharpness due to increased viscosity. Nevertheless, all formulations maintained complete and defect-free microneedle arrays.
TB2 showed the most uniform needle geometry and was selected for further optimization.

7) Preliminary investigation of drug content uniformity

The preliminary drug content study demonstrated that the selected polymeric matrix, consisting of PVA, PVP K30, and PEG
400, provided uniform incorporation of Charantin and Gymnemic acid throughout the microneedle patches. The drug
content of Charantin and Gymnemic acid was analysed at 216 nm by using uv visible spectrophotometer.  Although an
increase in drug concentration from 2.5 mg to 12.5 mg resulted in a slight increase in variability in drug content, the
differences were not substantial enough to affect formulation quality.

Drug Content Uniformity Analysis
101
100

o = Th1
g2
93 L BEE
™ - . 154
93
TBS
292
91
Bl ™2 ™H3 B4 TBS

I'rial batches

Percent Diug Contemt
g

Figure 3: Drug Content Uniformity analysis of trial batches

Table 6: Preliminary Drug Content Uniformity of Trial Batches

;::L Theoretical Drug Content (mg/patch)* Drug Content (%)
TB1 5.0 96.84 + 1.25
TB2 10.0 99.12 + 0.86
TB3 15.0 98.41 + 1.03
TB4 20.0 97.38 + 1.48
TB5 25.0 95.96 £ 1.72

(Mean * SD, n = 3) *

The highest drug content uniformity observed in TB2 suggests that this formulation provided the most homogeneous
distribution of both phytoconstituents while maintaining excellent physical characteristics. Consequently, TB2 was selected as
the optimized preliminary formulation for further factorial optimization.

8) The preliminary in vitro drug release study

The preliminary in vitro drug release study was performed using a Franz diffusion cell with phosphate buffer (pH 7.4)
containing 20% v/v ethanol as the receptor medium. Samples were withdrawn at predetermined intervals and analysed by
UV-Visible spectrophotometry at 216 nm. All formulations showed gradual and sustained drug release. TB1 (2.5 mg each)
showed the lowest release (84.52 + 1.36%), while TB2 (5.0 mg each) showed the highest release (96.84 + 0.92%) with a
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uniform profile. The higher release from TB2 may be attributed to better drug distribution and hydration of the hydrophilic
polymer matrix. TB3 (7.5 mg each) showed 93.76 * 1.18% release, while TB4 (10.0 mg each) showed 90.38 * 1.44%. The
gradual reduction in release at higher drug loading may be due to increased matrix density and reduced hydration and
diffusion pathways. Overall, TB2 demonstrated the most satisfactory release profile and was selected for further optimization.

Cumulative drug relese profile of trial batches
120

- 1040 e |

z

=

z - TBI1

s —e—TB2

= TB3

E

o s+

-

—&— TBS
0
S 0 § 10 15 20 25 30
Time (Hrs)
Figure 4: Cumulative percent drug release profile of trial batches
Table 7: Preliminary In Vitro Drug Release Profile of Trial Batches

Time (h) TB1 (%) TB2 (%) TB3 (%) TB4 (%) TB5 (%)
0.5 12.46 £0.42 15.28 + 0.36 14.62 + 0.41 13.85 £ 0.39 12.94 £ 0.45
1 22.84 = 0.56 27.96 + 0.48 26.74 + 0.52 2513 £ 0.58 23.86 = 0.61
2 36.15 £ 0.74 43.82 = 0.67 41.56 £ 0.71 39.44 £ 0.73 37.62 £ 0.79
4 52.63 £ 0.88 61.74 £ 0.81 59.92 £ 0.84 56.86 £ 0.87 54.48 £ 0.91
6 65.74 £ 1.02 74.58 £ 0.95 71.86 £ 0.97 68.92 £ 1.01 66.35 £ 1.05
8 74.96 £ 1.18 84.27 £ 1.06 81.34 £ 1.12 7795+ 1.14 75.18 £ 1.19
12 81.38 £ 1.29 91.46 £ 1.15 88.76 £ 1.21 85.04 £ 1.24 82.58 + 1.31
24 84.52 = 1.36 96.84 = 0.92 93.76 £ 1.18 90.38 = 1.44 87.04 = 1.61

(Mean * SD, n = 3)

In the present study, formulation TB5, containing 12.5 mg of each Charantin and Gymnemic acid, demonstrated the lowest
release rate among the higher drug-loaded formulations (87.64 £ 1.61%). The comparatively slower drug release may be due
to partial drug aggregation and reduced wettability of the polymeric matrix, resulting in slower diffusion of the
phytoconstituents.

Selection of an Optimized Trial Batch

The five trial batches (TB1-TB5) were compatred based on appearance, microneedle morphology, demoulding, mechanical
strength, flexibility, needle uniformity, drug content, and in vitro drug release. Among the formulations, TB2 showed the
most satisfactory overall performance, with well-formed microneedles, good handling properties, uniform drug distribution,
and the highest drug release. Therefore, TB2 was selected as the optimized preliminary batch and used as the baseline for
further optimization of polymer concentrations using a 2* full factorial design.

Factorial Design for Micro-needle-Assisted Transdermal Patches of Charantin and Gymnemic acid

Following the selection of TB2, a 2° full factorial design was used to optimize the formulation variables of the microneedle
patches. The three independent variables were PVA concentration (X;), PVP K30 concentration (X3), and PEG 400
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concentration (X3z). Cumulative drug release (Y4) and transdermal flux (Y;) were selected as the responses. A total of 13
experimental runs, including eight factorial points and five centre points, were generated using Design-Expert software. The
design was used to study the individual and interaction effects of the formulation variables and to identify the optimized

formulation.
RESULTS AND DISCUSSIONS
9. Determination of thickness of formulated patch

The thickness of the microneedle-assisted transdermal patches (F1-IF13) was measured at three locations using a calibrated
digital micrometer, and the mean was calculated. Patch thickness ranged from 0.42 £ 0.01 to 0.61 £ 0.02 mm, indicating good
uniformity among the formulations. Minor variations were attributed to differences in PVA, PVP K30, and PEG 400
concentrations. Higher PVA and PVP K30 concentrations increased film thickness due to greater solution viscosity and
polymer matrix density, whereas higher PEG 400 concentrations produced thinner, more flexible patches owing to its

plasticising effect, which enhances polymer chain mobility and reduces matrix rigidity.

Figure 5: Determination of thickness of formulated patch

Table 8: Thickness of Formulated Microneedle-Assisted Transdermal Patches

Formulation Thickness (mm)
F1 0.42 + 0.01
F2 0.45 + 0.02
F3 0.48 + 0.01
F4 0.58 + 0.02
F5 0.46 + 0.01
Fo 0.52 £ 0.02
F7 0.56 + 0.01
F8 0.01 £ 0.02
F9 0.48 + 0.01
F10 0.47 £ 0.01
F11 0.49 + 0.02
F12 0.48 + 0.01
F13 0.48 + 0.01
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(Mean * SD, n = 3)

Thickness evaluation showed that all microneedle-assisted transdermal patches had good uniformity, with only minor batch-
to-batch variations, confirming the reproducibility of the beeswax mould casting technique. Variations in thickness were
mainly attributed to differences in PVA, PVP K30, and PEG 400 concentrations, which influenced polymer solution viscosity
and polymer deposition during solvent evaporation. All formulations remained within an acceptable thickness range,
providing adequate mechanical strength, flexibility, and uniform drug distribution. Among the factorial batches, B8 exhibited
a desirable balance between structural integrity and flexibility with consistent dimensions, indicating good manufacturing
reproducibility. However, the final optimized formulation was selected subsequently based on numerical optimization and

desirability function analysis using Design-Expert® software.
10. Weight Variation test

Weight variation was evaluated to assess the uniformity and reproducibility of the microneedle-assisted transdermal patches
(F1-F13). Each formulation was weighed in triplicate using a calibrated analytical balance, and the mean weight and standard
deviation were calculated. The mean patch weight ranged from 145.26 = 2.18 to 176.82 * 2.46 mg, indicating satisfactory
batch uniformity. Minor variations were attributed to differences in PVA, PVP K30, and PEG 400 concentrations. Higher
PVA and PVP K30 concentrations resulted in greater patch weight due to increased polymer content and deposition during
solvent evaporation, whereas lower polymer concentrations produced lighter patches. PEG 400 had a minimal effect on patch
weight, primarily functioning as a plasticiser without substantially altering the total solid content.

Table 9: Weight Variation of Formulated Microneedle-Assisted Transdermal Patches

Formulation Weight (mg)
F1 145.26 = 2.18
F2 149.84 = 1.94
F3 153.72 £ 2.11
F4 170.56 * 2.38
F5 151.63 £ 1.86
F6 160.48 % 2.05
F7 167.35 £ 2.29
F8 176.82 + 2.46
F9 158.74 = 1.32
F10 156.92 + 1.58
F11 159.46 = 1.47
F12 158.74 £ 1.32
F13 158.36 + 1.41

(Mean * SD, n = 3)

The weight variation study demonstrated satisfactory uniformity across all microneedle-assisted transdermal patches, with
minimal batch-to-batch variation, confirming the reproducibility of the beeswax mould casting technique. Minor differences
in weight were attributed to variations in PVA, PVP K30, and PEG 400 concentrations, which influenced the overall solid
content of the polymeric matrix. Among the factorial batches, B8 showed the lowest weight variability, indicating uniform
mould filling, consistent polymer distribution, and good process reproducibility. However, the final optimized formulation
was selected subsequently through numetical optimization and desirability analysis using Design-Expert® software.
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11. Determination of Folding Endurance

Folding endurance was evaluated to assess the flexibility and mechanical strength of the microneedle-assisted transdermal
patches (B1-B13). Each patch was repeatedly folded at the same point until cracking or breakage occurred. All formulations
showed good folding endurance, ranging from 245 £ 4 to 296 £ 3 folds, indicating that the polymeric films could withstand
repeated handling without damage. Higher PEG 400 concentrations generally improved flexibility by increasing polymer
chain mobility, while PVA and PVP K30 contributed to the strength and integrity of the polymer matrix. Overall, the
combined polymers produced flexible and mechanically stable patches suitable for transdermal application.

Table 10: Determination of Folding Endurance

Formulation Folding Endurance (Number of Folds)
F1 245+ 4
F2 252£5
F3 270 £ 4
F4 278 £3
F5 255+ 4
F6 286 £3
F7 289 £ 4
F8 296 £ 3
F9 2714
F10 260 £5
F11 274t 4
F12 272+3
F13 273t 4

(Mean £ SD, n = 3)

Among the factorial batches, B8 demonstrated the highest folding endurance (296 *+ 3 folds), indicating superior flexibility
and mechanical robustness. The optimal polymeric network, capable of withstanding repeated bending without forming
cracks or fractures, was achieved through a balanced combination of higher concentrations of PVA, PVP K30, and PEG 400.
The centre point batches also exhibited satisfactory folding endurance, thus confirming the reproducibility of the formulation

process. However, the performance of B8 was comparatively superior among the factorial formulations.
12. Determination of Surface pH

The surface pH of the microneedle-assisted transdermal patches (B1-B13) was evaluated to assess their suitability for skin
application. The patches showed pH values ranging from 5.62 * 0.04 to 6.41 £ 0.03, which falls within the physiological pH
range of human skin (approximately 4.5-0.5), indicating good skin compatibility. Minor variations were attributed to
differences in PVA, PVP K30, and PEG 400 concentrations and their effects on matrix hydration. PEG 400 had minimal
influence on pH, while PVA and PVP K30 helped maintain a stable polymeric matrix. The presence of Charantin and
Gymnemic acid did not cause any significant pH alteration, suggesting good compatibility with the selected excipients.

Table 11: Surface pH of Formulated Microneedle-Assisted Transdermal Patches

Formulation Surface pH
F1 5.62 £ 0.04
F2 5.74 £ 0.03
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F3 5.93 £ 0.05
F4 6.08 £ 0.04
F5 5.79 £ 0.04
F6 6.05 £ 0.03
F7 6.10 £ 0.04
F8 6.12 £ 0.03
F9 5.98 £ 0.04
F10 5.86 £ 0.03
F11 6.02 £ 0.05
F12 6.00 £ 0.04
F13 6.01 £ 0.03

(Mean £ SD, n = 3)

Among the factorial batches, B8 demonstrated a surface pH of 6.12 £ 0.03, which was closest to the physiological skin pH
and therefore deemed the most suitable for transdermal application. The pH values of the formulations were found to be
within the acceptable range, indicating that the prepared patches are not likely to cause skin irritation or discomfort during
application.

13. Determination of Drug Content Uniformity

Drug content uniformity of the microneedle-assisted transdermal patches (B1-B13) was evaluated to assess the distribution
of Charantin and Gymnemic acid within the polymeric matrix. The drug content was determined by dissolving accurately
weighed patches in the optimized extraction solvent, followed by UV-visible spectrophotometric analysis. All formulations
showed satisfactory drug content, ranging from 94.86 + 1.42% to 99.74 * 0.68%, with low variability, indicating good drug
incorporation and uniform distribution. The film-forming properties of PVA and PVP K30 supported homogeneous drug
dispersion, while PEG 400 improved flexibility and spreading during mould filling. Overall, balanced concentrations of PVA,
PVP K30, and PEG 400 contributed to consistent drug content and reproducible patch preparation.

Table 12: Drug Content Uniformity of Formulated Microneedle-Assisted Transdermal Patches

Formulation Drug Content (%)
F1 94.86 = 1.42
F2 95.78 £ 1.24
F3 97.46 = 0.94
F4 98.18 + 0.86
F5 95.92 + 1.15
F6 98.64 + 0.79
F7 99.12 + 0.74
F8 99.74 + 0.68
F9 97.82 £ 0.88
F10 96.54 £ 1.03
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F11 98.06 = 0.82
F12 97.95 £ 0.85
F13 98.12 £ 0.81

(Mean * SD, n = 3)

Among the factorial batches, B8 exhibited the highest drug content uniformity (99.74 * 0.68%), indicating excellent
incorporation and homogeneous distribution of both phytoconstituents within the polymeric matrix. The combination of
higher concentrations of PVA, PVP K30, and PEG 400 in B8 produced a stable polymeric network that effectively
minimised drug loss during casting and drying. The centre point batches also demonstrated satisfactory drug content with
minimal variability, thus confirming the reproducibility of the formulation process. However, B8 demonstrated the most

optimal overall performance among the factorial formulations.
14. Determination of the swelling index

The swelling index of the microneedle-assisted transdermal patches (B1-B13) was evaluated by immersing pre-weighed
patches in phosphate buffer (pH 7.4) at 37 £ 0.5°C and measuring the increase in weight after hydration. The swelling index
ranged from 162.84 * 3.26% to 228.73 £ 2.94%, indicating good water absorption by the polymeric matrix. The hydrophilic
nature of PVA and PVP K30 promoted water uptake and matrix hydration, while PEG 400 improved flexibility and water
penetration. Swelling was influenced by polymer concentration; higher PVA and PVP K30 levels generally increased water
uptake, although excessively dense polymer networks slightly restricted swelling. Overall, the formulations showed adequate
hydration, supporting microneedle dissolution and drug diffusion.

Figure 6: Swelling index analysis of Patches

Table 13: Determination of the swelling index

Formulation Swelling Index (%)
F1 162.84 +3.26
F2 171.52 = 3.14
F3 192.36 + 2.88
F4 214.18 £ 3.05
F5 176.94 + 3.32
Fo6 219.64 £ 2.96
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F7 22352 +3.18
F8 228.73 £ 2.94
F9 196.84 £ 3.06
F10 183.48 £ 3.24
F11 206.18 = 3.01
F12 201.84 £ 2.97
F13 204.26 = 3.08

(Mean £ SD, n = 3)

Among the factorial batches, B8 demonstrated the highest swelling index (228.73 + 2.94%)), indicating superior hydration
capacity and optimum polymer interaction with the aqueous medium. The combination of higher concentrations of PVA,
PVP K30, and PEG 400 produced a polymeric matrix that was both highly hydrophilic and mechanically stable. This
facilitated efficient water absorption without compromising patch integrity. The centre point formulations also demonstrated
satisfactory swelling behaviour, thus confirming the reproducibility of the formulation process. Nevertheless, B8

demonstrated the most favourable swelling characteristics among all the factorial formulations.
15. In- Vitro Drug Release study

The in vitro drug release of Charantin and Gymnemic acid from the microneedle-assisted transdermal patches (B1-B13) was
evaluated using a Franz diffusion cell with phosphate buffer (pH 7.4) at 37 = 0.5°C. Samples were withdrawn at
predetermined intervals and analysed by UV-visible spectroscopy. All formulations showed controlled and progressive drug
release over 24 h, with cumulative release ranging from 84.36 * 1.42% to 98.64 £ 0.78%. An initial rapid release was
attributed to hydration and dissolution of the hydrophilic polymers, followed by sustained release through the hydrated
polymer network. Higher PVA concentrations formed a denser matrix and slightly slowed drug diffusion, whereas PVP K30
promoted hydration and pore formation, enhancing release. PEG 400 further improved water penetration and microneedle
dissolution through its plasticising effect. Thus, the combined polymer composition influenced the overall drug release

behaviour of the formulations.
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Figure 7: In-vitro drug release study of Formulated Microneedle-Assisted Transdermal Patches

Cumulative In Vitro Drug Release Profile of Formulated
Microneedle-Assisted Transdermal Patches
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Figure 8: Cumulative In Vitro Drug Release Profile of Formulated Microneedle-Assisted Transdermal Patches

Table 14: Data for Cumulative In Vitro Drug Release Profile of Formulated Microneedle Transdermal Patches

Time

B1 B2 B3 B4 B5 B6
(hrs)

0.5 11.26£0.28 12.18%+0.26 13.5210.24 14.86+0.22 12.34+0.27 15.2440.21

1 21.3410.34 22.86%+0.31 25.68+0.29 27.92+0.27 23.46+0.32 29.361+0.26
2 34.6210.42 36.8410.39 40.26%0.36 43.78+0.34 37.8410.40 45.96+0.32
4 49.8410.56 53.18%0.52 58.421+0.48 63.74%0.45 54.16%+0.53 65.821+0.43
6 62.48%0.68 66.82%0.63 72.4610.58 78.8410.54 68.2410.65 81.3610.50

8 72.18%0.82 76.3410.76 82.18%0.71 88.2610.66 78.54%0.78 90.46%0.60

12 80.46%1.02 84.9210.94 89.8410.88 94.36+0.82 86.281+0.96 95.68%0.72

24 84.3061+1.42 87.54+1.26 91.42%1.08 95.64+0.92 88.28+1.18 96.8410.84

(Mean * SD, n = 3)
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Time
B7 B8 B9 B10 B11 B12 B13

(hrs)
15.82%0.2

0.5 0 16.46£0.18 | 13.84£0.23 | 12.72+0.25 | 14.38%0.23 | 13.96+0.22 | 14.12%£0.22
30.1240.2

1 5 31.44+0.24 | 26.42+0.28 | 24.18+0.30 | 27.36+0.28 | 26.84+0.27 | 27.04+0.27
46.82+0.3

2 1 48.74£0.29 | 41.3610.35 | 39.14%£0.38 | 43.26%£0.35 | 42542034 | 42.86+0.34
67.2410.4

4 1 69.3610.39 | 60.46+0.46 | 56.82+0.50 | 63.18%+0.46 | 61.82+0.45 | 62.36%0.45
82.7410.4

6 8 84.92+0.45 | 74.18%£0.56 | 70.42+0.60 | 77.34%0.55 | 75.82%0.54 | 76.18%0.54
91.68£0.5

8 . 93.84+0.54 | 84.72+0.68 | 81.34%0.72 | 87.9610.66 | 86.28%+0.64 | 86.64%0.65
96.4610.6

12 9 97.42+0.64 | 90.84+0.84 | 88.16%£0.89 | 93.54+0.82 | 92.48+0.80 | 92.84+0.81
97.52+0.8

24 5 98.6410.78 | 92.18%+1.02 | 89.74%1.16 | 94.82+0.98 | 93.96%0.94 | 94.24+0.91

(Mean * SD, n = 3)

Among the factorial batches, B8 demonstrated the most significant cumulative drug release (98.64 = 0.78%) after 24 hours.
The enhanced release behaviour of B8 can be ascribed to the optimal equilibrium between the concentrations of PVA, PVP
K30, and PEG 400, which resulted in the formation of a polymeric matrix with sufficient mechanical strength, expeditious
hydration, and efficient diffusion pathways for the incorporated phytoconstituents. Formulations containing comparatively
lower polymer concentrations exhibited faster initial hydration but slightly reduced total drug release because of lower matrix
stability. In contrast, excessively dense matrices slowed drug diffusion. The centre point batches exhibited consistent release
profiles, thus confirming the reproducibility of the formulation process. However, B8 demonstrated the best overall release

characteristics among the factorial formulations.
16. Determination of Flux

The transdermal flux of Charantin and Gymnemic acid from the microneedle-assisted patches (B1-B13) was evaluated using
a Franz diffusion cell. Steady-state flux was determined from the slope of the linear portion of the cumulative drug
permeation versus time plot and ranged from 162.84 * 3.12 to 218.76 * 2.48 pg/cm?/h. Variations in flux were mainly
influenced by PVA, PVP K30, and PEG 400 concentrations, which affected matrix hydration, swelling, microneedle
dissolution, and drug diffusion. PVA and PVP K30 promoted hydration and the formation of diffusion pathways, while PEG
400 enhanced polymer flexibility and permeability. Lower polymer concentrations resulted in reduced flux due to weaker
matrix integrity, whereas excessively dense matrices could restrict drug diffusion. Overall, an appropriate balance between

mechanical strength and polymer hydration was essential for achieving efficient drug permeation.
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Figure 9: Flux study by using Franz diffusion cell

Table 15: Data for Flux study

Formulation Flux (ng/cm?/h)
F1 162.84 £ 3.12
F2 168.52 £ 2.96
F3 181.74 £ 2.84
F4 198.36 £ 2.72
F5 171.86 £ 3.04
F6 207.42 + 2.61
F7 213.58 + 2.54
F8 218.76 + 2.48
F9 186.42 £ 2.81

F10 176.64 £ 2.94
F11 201.82 + 2.66
F12 194.76 £ 2.74
F13 197.34 £ 2.69

(Mean % SD, n = 3)

Among the factorial batches, B8 demonstrated the highest steady-state flux (218.76 £ 2.48 ug/cm?/h), indicating the most
efficient permeation of Charantin and Gymnemic acid across the membrane. The enhanced permeation performance of B8
can be ascribed to the balanced concentrations of PVA, PVP K30, and PEG 400, which resulted in microneedles
characterised by optimal mechanical integrity, rapid hydration, controlled dissolution, and efficient drug diffusion. The centre
point batches also demonstrated satisfactory permeation profiles with minimal variability, thus confirming the reproducibility
of the formulation process. Nevertheless, B8 exhibited the most favourable permeation characteristics among the factorial
formulations.
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Experimental design process

The formulation variables and responses obtained from the 2* full factorial design with five centre-point runs are presented in
the design matrix. PVA (10-20%), PVP K30 (10-20%), and PEG 400 (5-15%) were selected as independent variables, while
cumulative drug release and flux were the measured responses. The results showed that changes in polymer and plasticizer
concentrations influenced both drug release and permeation, with cumulative release ranging from 84.36% to 98.64% and
flux from 162.84 to 218.76 pg/cm?/h. Among the factorial batches, B8 (20% PVA, 10% PVP K30, and 15% PEG 400)
showed the highest drug release (98.64%) and flux (218.76 pg/cm?/h), suggesting a favourable balance between matrix
hydration, microneedle dissolution, and drug diffusion. Comparable responses among the centre-point batches confirmed the
reproducibility of the experimental design. Overall, the factorial design provided a reliable basis for response surface analysis
and numerical optimization using Design-Expert® software.

Table 16: Experimental design batches of Micro-needle-Assisted Transdermal Patches with obtained response

Factor 1 Factor 2 Factor 3 Response 1 Response 2
A:Concentration of B:Concnetration of C:Concentration of .
Std | Run | Polyvinyl Alcohol | Polyvinylpytrolidone K | Polyethylene Glycol | C™130¥ Flux
(PVA) 30 (PVP K30) 400 (PEG 400) drug release

% % % %) (ug/cm?/h)
1 | 1 10 10 5 84.360 162.84
5 | 2 10 10 15 §7.540 168.52
12 | 3 15 15 10 91.420 181.74
§ | 4 20 20 15 95.640 198.36
7 | 5 10 20 15 88.280 171.86
13| 6 15 15 10 96.840 207.42
4| 7 20 20 5 97.520 21358
6 | 8 20 10 15 98.640 21876
10 | 9 15 15 10 92.180 186.42
3 | 10 10 20 5 89.740 176.64
2 | 1 20 10 5 94.820 201.42
9 | 12 15 15 10 93.960 194.76
11| 13 15 15 10 94.240 197.34

Parch 1113

Figure 10: B1-B13 batches of Microneedle-Assisted Transdermal Patch formulation
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Evaluation of experimentally Designed Micro-needle-Assisted Transdermal Patches
CONCLUSION

Dissolving microneedle-assisted transdermal patches containing Charantin and Gymnemic acid were successfully developed
using a beeswax mould casting method. The combination of PVA, PVP K30, and PEG 400 produced patches with
satisfactory microneedle morphology, mechanical integrity, flexibility, drug content uniformity, swelling capacity, and in vitro
drug-release characteristics.

Among the preliminary trial batches, TB2, containing 5 mg each of Charantin and Gymnemic acid, demonstrated the most
favourable balance of drug loading, microneedle formation, demoulding behaviour, mechanical strength, flexibility, drug
content uniformity, and cumulative drug release. Consequently, TB2 was selected as the preliminary optimized formulation

for further formulation development.

The [273] factorial design demonstrated that changes in the concentrations of PVA, PVP K30, and PEG 400 influenced the
release and permeation behaviour of the microneedle patches. Formulation B8, containing 20% PVA, 10% PVP K30, and
15% PEG 400, produced the highest cumulative drug release of 98.64 £ 0.78% and the highest transdermal flux of 218.76 *
2.48 pug/cm?/h. It also exhibited favourable thickness, folding endurance, surface pH, drug content uniformity, and swelling

characteristics.

Opverall, the results suggest that the optimized beeswax mould-based dissolving microneedle patch is a promising platform for
the transdermal delivery of Charantin and Gymnemic acid. Further studies, including skin irritation testing, stability studies,
pharmacokinetic evaluation, and in vivo efficacy assessment, are required to confirm its safety, stability, and therapeutic

performance.
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