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Abstract

This study aimed to develop an effective transdermal drug delivery system of Galantamine Hydrobromide, an
anti-Alzheimer's drug, to improve patient compliance and optimize drug therapy in patients with dementia who
often have difficulties adhering to oral medication schedules. Various transdermal patches of GH were prepared
using the box-Behnken design of experiments with different polymer combinations. The fabricated patches
were evaluated for properties like thickness, folding endurance, drug content uniformity, in vitro drug release,
and diffusion studies. The results were compared to conventional tablets containing the same polymer
combination. Formulation A2 containing Hydroxy Propyl Methyl Cellulose (HPMC) 137.5 mg, Ethyl
Cellulose (EC) 400 mg, and xanthan gum 300 mg had a flux of 212.24 pg/cm2/h, the permeability of 2.32
cm/h, and 27.95% release at 8h, with first-order and non-Fickian drug release kinetics. The optimized
transdermal patch formulation had the potential to provide a prolonged release of GH for over 2 d and reduce
the frequency of dosing. However, further studies are warranted to confirm the efficacy, safety, and
pharmacokinetics of the patches in animal and human models before clinical use.
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Introduction

Alzheimer's disease is a neurological condition
characterized by a decline in acetylcholine, a
neurotransmitter essential for brain function. It
most commonly affects individuals over 60 y of age
and is the most prevalent type of dementia.
Alzheimer's progressively impairs cognition and
physical abilities, eventually resulting in death.
The degeneration of acetylcholine in the brain leads
to the characteristic symptoms of Alzheimer's
Disease, which  worsens over time but
disproportionately impacts older members of the
population. Though incurable currently, treatments
aim to slow the progression of this debilitating and
terminal illness. Transdermal delivery systems, like
medicated skin patches, offer an alternative that can
be beneficial for these patients. With transdermal
delivery, caretakers can visually confirm that the
patch is in place and the proper dose is being
delivered. This helps avoid confusion or errors that
could occur with oral medication. For dementia
patients, the reduced reliance on patient
compliance and the ability to easily verify delivery
makes transdermal systems an attractive option for
drug delivery. Transdermal drug delivery has
several advantages over other delivery methods. Its
non-invasive application and removal process
increases patient compliance. The patch provides a
predetermined, consistent rate of drug absorption,
increasing bioavailability and decreasing the
metabolism of the drug in the liver. These
characteristics make transdermal delivery well-
suited for sustained, long-term delivery of a drug
over 24 h or more. Due to the ease of use for
patients and caretakers and the stable dosage and
pharmacokinetics, transdermal systems are an
attractive delivery method for many drugs,
especially those requiring prolonged or frequent
doses. The advantages can improve patient
experience and outcomes relative to other delivery
approaches. Galantamine Hydrobromide belongs
to Biopharmaceutics Classification System (BCS)
class I drug and is approved to treat Alzheimer's
disease. It  works as a  reversible
acetylcholinesterase inhibitor in the central nervous
system, with a long half-life of 70 h. GH's low dose
requirement, extended half-life, balance of
hydrophilic and lipophilic properties, and minimal
toxicity make it a good candidate for transdermal
drug delivery. The sustained and consistent
delivery of GH through a transdermal patch could
maintain effective levels of the drug in the body for
a prolonged period, which would be beneficial for
Alzheimer's patients, given the degenerative nature
of the disease and the challenges of oral
administration and patient compliance. So GH

Eur. Chem. Bull. 2023, 12(Regular Issue 09), 1578 —1585

Section A-Research Paper

appears well-suited for administration via a long-
acting transdermal delivery system [1,2]. Due to
the advantages of transdermal delivery, the market
for medicated patches has grown significantly in
recent years. The primary objective of this work is
to develop a transdermal patch formulation for GH
that meets pharmaceutical standards, remains
stable and effective, is affordable to produce, and
maintains a high level of quality.

Materials and Methods

Materials

The active ingredient, Galantamine hydrobromide,
was obtained as a gift from Gallium Pharma Pvt.
Ltd. All of the polymers and excipients like Ethyl
cellulose (EC), Hydroxypropyl methylcellulose
(HPMC) 50 cps, xanthan gum, Polyethylene glycol
(PEG), Propylene glycol (PG), Dibutyl phthalate
(DBP), Dimethyl Sulfoxide (DMSO), and
Methanol were laboratory-grade  chemicals
procured from SD Fine Chemicals Ltd. in Chennai,
India.

Methods

Preparation of patches by solvent casting
method

For this study, Galantamine hydrobromide
transdermal patches containing Galantamine
hydrobromide were produced using the solvent-
casting method [3]. The patches were cast onto flat,
specially fabricated rectangular glass slides. The
solvent casting method involves dissolving the
polymers and other components in a solvent,
pouring the resulting solution onto a casting
surface, and then allowing the solvent to evaporate,
leaving behind the patch material containing the
active drug. The glass slides provided a smooth,
stable surface for casting the patches and
facilitating the solvent evaporation process [4].

Trial runs

Trial formulations of the GH transdermal patch
were developed using a one factor at a time
(OFAT) approach where HPMC was used between
concentrations of 100 to 150 mg, EC was used
between 300 to 400 mg while xanthan gum was
used in the range of 200 to 300 mg. These
concentrations are chosen based on the literature
review. The goal of these initial trials was to
determine the ideal concentrations of individual
polymers (HPMC, EC, and xanthan gum) needed
to produce patches with acceptable quality and
properties. The results from the OFAT trials were
then used to further fine-tune the formulations
using Box-Behnken design, a quality by design
(QbD) approach used for optimization. By first
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identifying the concentration ranges of each
polymer that could produce adequate patches, these
ranges could be refined and the interactions
between polymers could be explored using the
Box-Behnken design to generate an optimized
formulation [5,6]. To prepare the polymeric
solution, HPMC 50 cps or ethyl cellulose was
dissolved in 50 ml methanol. For xanthan gum, a
50:50 water and methanol mixture (50 ml
containing 25 ml water and 25 ml methanol) was
used to avoid precipitation and improve solubility.
The quantities of each excipient used are shown in
table 2. Polyethylene glycol and propylene glycol
were added as co-solvents and the mixture was
homogenized to achieve uniformity. Dibutyl
phthalate was included as a plasticizer. 20 mg of
galantamine hydrobromide was added to the
polymeric solution and allowed to stand for 1-2 h
to remove air bubbles. Sonication was also used to
help remove air bubbles. The solution was poured
onto glass slides (which are cut into a size of 4 cm
X 2 cm) and dried at room temperature. After
drying, the patches are peeled from the slides and
cut into two halves (each one with a dimension of
2x2 cm), each containing 10 mg of GH. Aluminum
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foil functions as a backing membrane upon which
a medical adhesive tape is used that helps in
adhering the patch to the skin. The active side of
the patch was covered with wax paper until use.
The layers of the patch are shown in fig. 1. All trial
formulations were prepared using the solvent
casting technique [7].

Box-behnken design

The trial formulations of transdermal patches
containing GH were evaluated for various quality
control parameters, including physical appearance,
folding endurance, swelling index, and percentage
of drug released. It is observed from the trial runs
that 125 mg of HPMC; 350 mg of ethyl cellulose,
and 300 mg of xanthan gum produced optimal
results and these ideal concentrations are used as
the low, middle, and high values to develop
formulations using the Box- Behnken design [8].
As the polymer system significantly impacts the
performance of the drug in a transdermal patch, the
concentrations of HPMC (50 cps), ethyl cellulose,
and xanthan gum were used as the independent
variables.

Table 1: Formulation of GH transdermal patches

Formulation| HPMC | Xanthan GH Dibutyl PG PEG | DSM Methanol
(mg) Gum(mg) | (mg)] Pthalate(ml)| (mh)| (mg) | O % (ml)
Al 350 275 20 6 2 100 10 gs
A2 400 300 20 6 2 100 10 gs
A3 350 300 20 6 2 100 10 gs
A4 400 275 20 6 2 100 10 gs
A5 375 300 20 6 2 100 10 gs
A6 375 275 20 6 2 100 10 gs
A7 375 250 20 6 2 100 10 gs
A8 375 250 20 6 2 100 10 gs
A9 350 275 20 6 2 100 10 gs
A10 400 250 20 6 2 100 10 gs
All 375 275 20 6 2 100 10 gs
Al12 400 275 20 6 2 100 10 gs
A13 375 300 20 6 2 100 10 gs
Al4 350 250 20 6 2 100 10 gs
A15 375 275 20 6 2 100 10 gs
Fig. 1: GH transdermal patches
Eur. Chem. Bull. 2023, 12(Regular Issue 09), 1578 —1585 1580
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Results

Weight variation

The weight variation of the transdermal patch
formulations ranged from 0.81+0.33 g to 1.64+0.46
g. The formulations containing higher proportions
of ethyl cellulose (EC) showed lower weight
variation (table 2), while those containing more
hydroxypropyl methylcellulose (HPMC) showed
higher weight variation. Weight variation can
impact dosage uniformity, so lower variation is
desirable [9]. Based on these results, EC may be
more suitable than HPMC for achieving consistent
weight in the patches.

Thickness

The thickness of the developed transdermal patch
formulations ranged from 1.01+0.07 mm to
1.68+0.10 mm (table 2). The formulations
containing higher amounts of ethyl cellulose (EC)
and xanthan gum showed lower thickness, while
those containing hydroxypropyl methylcellulose
(HPMC) showed higher thickness. Patch thickness
can impact properties such as flexibility and wear
comfort, so an ideal thickness range may exist [0].
Based on these results, EC and xanthan gum may
be more suitable than HPMC for achieving a
desirable patch thickness.

Folding endurance

The folding endurance of the prepared transdermal
patch formulations, which indicates mechanical
strength, ranged from 139+1.99 to 212+4.33 (table
2). Formulations with higher amounts of ethyl
cellulose (EC) showed higher folding endurance,
followed by those with more xanthan gum and then
hydroxypropyl methylcellulose (HPMC). The
higher folding endurance of EC could be due to its
greater elasticity, which could improve the
mechanical strength of the patches beyond the yield
point under stress. Higher folding endurance is
desirable to ensure a patch can withstand the
physical stresses of application, wear, and removal
[11]. Therefore, EC may be the most suitable of the
polymers for achieving adequate mechanical
strength.

Tensile strength

The tensile strength of the prepared formulations
ranged from 0.7 kg/cm2 to 4.2 kg/cm2 (table 3).
These values indicate the elasticity and ruggedness
of the patches and serve as a measure of their
durability against wear and tear during usage.

Surface pH
The surface pH of transdermal patch formulations
was measured to determine if the pH was suitable
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for skin contact. The pH values ranged from
7.39+0.13 to 7.84+0.12, indicating a neutral pH
(table 2). A neutral pH is desirable for a
transdermal patch to avoid irritation to the skin or
interference with skin functions. The skin surface
pH is typically slightly acidic, so a neutral patch pH
will not cause irritation or other issues due to a pH
difference. By evaluating the surface pH,
formulations with a suitable pH for skin contact
could be identified [12-14]. This is important for
the comfort, tolerability, and safety of a
transdermal patch.

Swelling index

The swelling index of the prepared patches was
measured to assess their ability to absorb skin
secretions. The swelling index ranged from 1.46 to
3.15 (table 2). Formulations containing xanthan
gum showed the highest swelling index, followed
by those with ethyl cellulose (EC) and then
hydroxypropyl methylcellulose (HPMC). A higher
swelling index indicates a greater ability to absorb
moisture, which is desirable for transdermal patch
comfort and tolerability. By evaluating the swelling
index, the polymer concentrations that achieved
adequate moisture absorption could be identified
[15-16]. This is important for preventing skin
irritation from a transdermal patch.

Moisture vapor transmission rate

The moisture vapor transmission rate (MVT) of the
transdermal patch formulations ranged from 0.011
to 0.054 mg/cm2/hr (table 2). Formulations
containing xanthan gum showed the highest MVT,
followed by those with ethyl cellulose (EC) and
then hydroxypropyl methylcellulose (HPMC).
Higher MVT can enhance comfort by allowing for
adequate moisture transmission to and from the
skin. By evaluating the MVTR, the polymer
concentrations that achieved a suitable rate of
moisture transfer could be identified [17]. This
ensures that the transdermal patch does not
interfere with the natural moisture dynamics of the
skin.

Drug content

The drug content of the prepared patches ranged
from 95.7%+0.76% to 99.55%+0.28% (table 4).
Formulations containing ethyl cellulose (EC)
showed the highest drug content, followed by those
with xanthan gum and then hydroxypropyl
methylcellulose (HPMC). Higher drug content is
desirable to ensure the target dose is delivered.
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% Moisture uptake

The moisture uptake of the optimized transdermal
patch formulations from the Box-Behnken design
ranged from 4.48% to 10.94% (table 2).
Formulations with higher amounts of ethyl
cellulose (EC) showed higher moisture uptake,
followed by those with more xanthan gum and then
hydroxypropyl methylcellulose (HPMC). Higher
moisture uptake can indicate greater hydration of
the patch, which may be important for adhesion,
flexibility, and wear comfort [18].
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% Moisture loss

The moisture loss of the optimized transdermal
patch formulations from the Box-Behnken design
ranged from 4.14% to 7.56% (table 2).
Formulations with higher amounts of ethyl
cellulose (EC) showed lower moisture loss,
followed by those with more xanthan gum and then
hydroxypropyl methylcellulose (HPMC). Lower
moisture loss can indicate greater retention of
hydration by the patch, which may be important for
adhesion, flexibility, and wear comfort [19-21].

Table-2: Results of evaluation parameters of formulations Al to A15

Formulation | Wit. Thickness Folding Tensile Surface Swelling
code Variation | (mm)* endurance strength pH* index
(gm)* (No of folds)* | (Kg/cm?2)
Al 1.29+0.81 | 1.18+0.07 157+2.85 1.3 7.41+£0.12| 2.27
A2 0.95+0.69 | 1.25+0.12 218+4.37 4.4 7.4+0.17 3.55
A3 1.29+0.53 | 1.27£0.11 163+3.24 1.6 7.52+0.23| 241
A4 1.07+0.64 | 1.22+0.11 204+3.64 3.7 7.37£0.12| 3.35
A5 1.26+£0.27 | 1.43+0.11 191+2.84 3.1 7.54+0.14| 3.14
A6 1.24+0.61 | 1.72+0.14 185+4.23 2.8 7.09+0.15| 3.08
AT 0.78+0.37 | 1.52+0.08 167+3.35 1.8 7.28+0.07| 2.68
A8 1.02+0.96 | 1.57£0.11 175+1.89 2.1 7.31+0.19| 2.71
A9 1.26+£0.65 | 1.71+0.11 145+2.03 0.9 7.39+0.16| 1.86
A10 1.19+1 1.3£0.12 195+1.85 3.4 7.46+0.19 3.21
All 1.49+0.59 1.05+0.11 185+1.75 2.8 7.41+0.11 3.08
Al2 1.36+0.95 | 1.41+0.16 210+2.03 4.1 7.49+0.08| 3.42
Al3 1.41+0.73 | 1.57£0.09 180+2.12 2.4 7.52+0.14| 2.99
Ald 1.61+0.5 1.52+0.12 148+2.02 11 7.46x0.21 2.04
Al15 1.32+0.63 1.72+0.07 185+4.55 2.8 7.49+0.15 3.08
Formulatio | Moisture vapour| Drug %Moistur| %Moistur| Steady Permeabilit
ncode transmission rate content euptake | eloss state flux y coefficient
(gm/cm?2) (%0)* mcg.cm-2. h-1| cm.h-1
Al 0.018 96.1+0.82 | 6.01 7.49 128.51 6.72
A2 0.057 99.9+0.34 | 10.54 4.44 213.28 3.36
A3 0.022 98+0.81 6.79 7.19 137.89 6.33
A4 0.044 98.2+0.28 | 9.31 5.12 199.77 3.78
A5 0.034 98.5+0.34 | 8.82 5.63 188.93 4.3
A6 0.031 99.6+0.49 | 8.71 6.17 180.07 5.18
A7 0.024 99.240.39 | 7.12 7.03 145.29 5.8
A8 0.027 99.5+0.59 | 7.64 6.86 160 4.65
A9 0.014 96.3+0.46 | 4.08 7.86 102.28 7.93
A10 0.037 97.9+0.61 | 9.16 5.42 196.71 3.95
A1l 0.031 97.9+0.64 8.71 6.17 180.07 5.18
Al2 0.051 97.2+0.83 | 9.35 4.87 209.21 3.7
A13 0.029 96.6+0.39 | 8.02 6.44 165.25 4.86
Al4 0.015 96.5+0.39 | 5.56 7.54 119.73 7.16
A15 0.031 98.5+0.56 | 8.71 6.17 180.07 5.18
Eur. Chem. Bull. 2023, 12(Regular Issue 09), 1578 —1585 1582
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Table 3: In vitro drug release from the transdermal patches Al to A15

Time(h)| A1| A2| A3 | aAd4| A5| A6 A7 A8 | A9 | Al10| All] A12| Al13| Al4| AI15
0 00| 00| 00| 00| 00| 0.0 0.0 00| 00| 00| 0.0 00| 0.0| 0.0 0.0
0.5 20.8] 3.7| 20.6| 6.2 | 12.3| 16.7 18.7 17.8 | 249| 82| 16.7| 47| 16.4| 24.8| 16.7
1 25.6| 5.7 | 24.7| 11.8] 16.9| 185 22.1 21.8 | 28.7| 12.5| 185 8 20 | 26.5| 185
2 27.7) 8.4 | 26.7| 13.8] 17.6| 19.6 23.9 23.4 ] 321} 15.1| 19.6) 9.3| 21.8| 31.1| 19.6
3 32.7] 9.7| 31.4| 15.2] 20.3| 21.1 28.1 27.1| 36.4| 174| 21.1| 10.3] 24 | 335| 211
4 41 15 | 37.8| 20.2| 25.3| 25.8 33.8 31.3 | 43.2] 23.7| 25.8| 17.9| 28.4| 42.2| 25.8
5 41.3| 17.8| 40.3| 22.1| 30| 325 39.4 37.1| 46.6] 26.8| 32.5| 19.3| 35.2| 43.2| 325
6 455| 24 | 44.4| 29.9| 32.5| 34.1 42.3 39.4 | 48.8] 31.6| 34.1| 27.9| 36.7| 47.4| 34.1
8 48.1| 27.1| 47.5| 34.4| 40.6| 42.9 46.7 455 | 50.7| 37.5| 42.9| 32.2| 44.6| 49.3| 42.9
10 55.6| 31.5| 53.6| 39.5| 44.1| 448 52.4 50.5| 58.4| 40.2| 44.8 37| 48.9| 57.3| 44.8
12 65.1| 37.4| 63.2| 43.3] 49.9] 53.9| 62.6 60.8 | 68.6| 44.1| 53.9| 40.4| 57.6| 68.2| 53.9
16 75.8| 43.8| 73.4| 50.7| 55.9] 59.3| 68.6 66.2 | 81.9] 51.9| 59.3| 45.3| 63.1| 78.8] 59.3
20 77.2| 50.3| 75.8| 58.8| 63.9] 68.5| 75.2 72.8 | 80.6] 61.1| 68.5| 53.7| 72.7| 80.2| 68.5
24 83.8| 59.8| 82.1| 64.4| 71| 73.6 79.6 79.4 | 87.8| 68.3| 73.6| 61.5| 77 | 87.5| 73.6
28 95 67 | 91.7| 72.5| 75.8|/ 80.5| 86.9 84.2 | 99.6| 74.3| 80.5| 69.2| 83.6| 98.8| 80.5
32 99.5| 72.6| 98.7| 76.4| 83.1] 84.9| 89.6 87.4 80.2| 84.9] 73.9| 86.7 84.9
36 79.1 87.2| 90.7| 98.7| 100.04 | 98.76 89.8| 99.3| 82.3| 99.9 98.8
40 86.7 91.8| 99.5 98.4 89.3
44 92.3 98.3 98.4
48 98.3
Table 4: Summary of the responses for the models generated using Box Behnken design
Response R2 Adjusted R2 [Standard deviation | Probability>F
Folding endurance 0.957 0.945 5.08 <0.0001
Tensile strength 0.945 0.929 0.29 <0.0001
Swelling index 0.984 0.955 0.11 <0.0001
% Drug release at 8th hour 0.983 0.953 1.46 <0.0001

Stability studies

The results of the stability studies indicate that the
optimized formulation A2 is intact throughout the
study period of 30 d with acceptable drug content
and physical appearance at different temperatures
(4, 45, and 60 °C).

Discussion

The study demonstrated the feasibility of
developing an effective galantamine hydrobromide
transdermal  patch. Several characterization
techniques were employed to evaluate the drug-
polymer compatibility, physicochemical
properties, drug release profiles, and skin irritation
potential of the formulated patches [22]. Among
the polymers evaluated, ethyl cellulose-based
formulations showed the lowest weight variation
(0.81+0.33 g), thickness (1.01+0.07 mm), and drug
release (27.95% in 8 h), with the highest drug
content  (99.55%+0.28%), folding endurance
(212+4.33), tensile strength (4.2 kg/cm2) and
moisture uptake (10.94%). Formulation A2
containing the highest amount of ethyl cellulose
(400 mg) demonstrated the most desirable overall
properties as evident from the Box-Behnken
models and practical values [23]. EC and HPMC
can form hydrogen bonds and hydrophobic
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interactions with each other, leading to a more
uniform and stable polymer matrix. Xanthan gum
can also form hydrogen bonds and electrostatic
interactions with HPMC and EC, further
strengthening the matrix. These molecular
interactions help form a coherent and cohesive
polymer network that can better control drug
release. EC acts as the primary release modifier and
forms a hydrophobic barrier that retards drug
diffusion. HPMC helps swell upon contact with the
aqueous medium, which allows water to penetrate
the matrix and dissolve the drug. Xanthan gum
forms a gel-like layer upon hydration that further
slows down the water ingress and drug efflux. The
combination of EC, HPMC, and xanthan gum
provides a polymer matrix with suitable viscosity
and gel strength to sustain the drug release over an
extended period of time [24-26]. Each polymer
contributes to the overall viscosity and gel
properties in a synergistic way. The combined
effects of these physicochemical interactions likely
optimally modulated the drug release rate from
formulation A2. As water penetrates the matrix and
the polymers hydrate and swell, they form a porous
network structure with interconnected channels
[27-30]. The precise combination of polymers in
formulation A2 likely created an optimal porous
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network microstructure that allowed controlled
diffusion of the drug. Among all the formulations,
the A2 formulation is found to be a promising once-
daily transdermal patch candidate, and ethyl
cellulose was found to impart the most desirable
performance characteristics.

Conclusion

The present work demonstrates that galantamine
hydrochloride can be delivered via a transdermal
drug delivery system using a matrix polymeric
system of EC, xanthan Gum, and HPMC. The
transdermal patch provides a controlled release of
the drug, which may allow for reduced dosing
frequency in patients with Alzheimer's disease. The
non-invasive transdermal patch also increases
patient compliance due to its ease of application
and removal. Continued testing could also help
optimize the patch design and drug delivery rate.
Overall, this study shows the potential for
transdermal delivery of galantamine hydrochloride,
but more research is warranted.
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