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Te potential uses of extracting mucilage from plant sources have led to much research in this feld. One possible source of
mucilage for agri-food-pharma utilization is the fruits of the Phoenix dactylifera, date palm. For developing the plaster gel loaded
with nicotine, we, therefore, applied the mucilage from date palm fruits as a gel-forming agent. Other components, however,
might be added to increase its properties. Response surfacemethodology was used for quantifying the efects of a range of variables
(date palm mucilage, PVA, and glycerin) on physicochemical parameters (pH value, viscosity, drying time, ultimate tensile
strength, elongation at break, and drug content). Te optimal formulation was 3.5%:1.8%:30% w/w. Te resultants were
6.14± 0.05, 45.67± 1.75 cp, 14.77± 1.19min, 26.83± 2.15MPa, 38.20± 2.39%, and 9.51± 0.19mg/g, respectively. Te optimal
formulation of nicotine-containing plaster gel had a semicrystalline structure as it was derived from plant mucilage. It was
immediately obvious that the formulation might control the release of nicotine, indicating frst-order kinetic release. Te Jss and
Kp values were 0.30± 0.01mg/cm2/h and 3.13± 0.11× 10−2 cm/h, respectively, indicating a maximum nicotine permeation of
78.82± 13.57%. When stored in a refrigerator as compared to room temperature, the nicotine-loading plaster gel thus showed
excellent physical stability.
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1. Introduction

Te majority of industrial units employ synthetic polymers
as a mediator for the formulation of the fnal products. Many
plant-based excipients are currently accessible in the
pharmaceutical industry, including gum, mucilage, pectin,
gelatin, chitosan, cellulose, sugar, starch, agar, alginates,

hyaluronate, and carrageenan. Pharmaceutics uses these
green excipients as mediators for colloid, maintaining,
thickening, gelling, and drug attachment. Tese excipients,
which are biopolymers with long or branching chains, can
expand when exposed to water [1].

Plants that include carbohydrates, proteins, and trace
quantities of organic acids produce mucilage, which is
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a morpho-physiological product. Mucilage, which can
frequently be produced from plants with normal growth
as physiological metabolites within the cells, is useful to
utilize as a binder and additive in medicinal and nutra-
ceutical applications. Gums and mucilage are naturally
occurring compounds that decompose, which makes them
valuable for use in drug delivery systems [2–4]. Several
research studies on mucilages derived from plants, such as
Aloe vera, Trigonella foenum-graecum, Abelmoschus
esculentus, Dioscorea alata, Pereskia aculeata, and nu-
merous others have been done on a commercial scale
[5, 6]. Grewia ferruginea’s mucilage is produced by
extracting water from the inner stem’s bark, which is then
precipitated with ethanol, dried, and ground into a pow-
der. G. ferruginea mucilage’s ability to absorb moisture
indicates the type of moisture present, and as temperature
increased, so did the mucilage’s solubility and swelling.
G. ferruginea mucilage has an almost neutral pH.
G. ferruginea mucilage can be used in pharmaceutical
formulations as an adjuvant [7]. Te mucilage of Cassia
obtusifolia seeds is separated and assessed as a new bio-
degradable flm for pharmaceutical use. Its polysaccharide
content is assessed both quantitatively and subjectively.
Te results of the study conclusively show that flms made
from the mucilage of C. obtusifolia seeds have acceptable
mechanical, thermal, and degrading characteristics for use
in drug delivery applications [8].

Phoenix dactylifera, sometimes known as date palm, is
a fowering plant in the palm family, Arecaceae, that is
mostly farmed for its fruit. In the Middle East and North
Africa, date fruits are a staple diet, yet there is still dis-
agreement on where they originated. Nowadays, tropical and
subtropical places all over the world are where it is mostly
grown. Furthermore, it is currently eaten as food in a variety
of global locations [9]. Date palm is important for nutra-
ceuticals, but it also contains antibacterial, antimicrobial,
antioxidant, anticarcinogenic, anti-hyperlipidemic, anti-
infammatory, antihyperglycaemic, antimutagenic, anti-
cancer, and hepatoprotective properties. Tese character-
istics have been correlated with phenolic substances,
carotenoids, phytosterols, and phytoestrogens that were
extracted from date palm products [10]. Te most valuable
source of mucilage is the fruit of the date palm. Date palm
fruit that has been dried is a rich source of mucilage, which
includes several reducing agents such as sugars and car-
bohydrates up to 88.01%. Mucilage also contains trace
amounts of glucose, cellulose, and pectin, among other
polysaccharides. When it comes to binding characteristics,
date palm mucilage outperforms other gums [1, 11]. Te
ability of mucilage to bind and retain water is due to its high
concentration of hydroxyl groups. Mucilage from the dried
fruit of the date palm is a special and useful material. Its
many possible uses in the food, pharmaceutical, and other
industries have attracted increasing interest in recent years.

Plaster gel is a multipurpose substance that may be used
in a variety of sectors and has a wide range of properties.
When plaster gel is placed on the skin, it changes from
a liquid gel to a flm. A polymer matrix, such as polyvinyl
alcohol (PVA) or hydroxypropyl methylcellulose (HPMC),

that dissolves in a solvent or aqueous solution, is the usual
component of plaster gel. Plasticizers, cross-linking agents,
and reinforcing fllers are examples of additional additives
that can be added to afect the mechanical, rheological, or
adhesive characteristics of the gel [12]. Plaster gel adheres
efectively to a wide range of substrates, including skin,
mucosal surfaces, and porous materials. Because of its
adhesive quality, it may be used in medical applications
such as scafolds for tissue engineering, transdermal drug
delivery, and wound dressings [13].

Te objective of designing and optimizing the nicotine-
loaded plaster gel is to develop an efective transdermal
drug delivery system using natural excipients, specifcally
Phoenix dactylifera (date palm) mucilage, PVA, and
glycerin. While mucilage, a complex polymeric poly-
saccharide, serves as a natural excipient, its brittleness in
flm form may reduce fexibility, necessitating the in-
corporation of additional pharmaceutical excipients. To
achieve an optimized formulation, response surface
methodology (RSM) with Box–Behnken design (BBD) was
applied, enabling systematic evaluation of formulation
variables. Te optimization process considered key factors
such as pH, viscosity, drying time, mechanical properties,
and drug content to ensure the development of a plaster gel
with desirable characteristics for nicotine delivery. By
providing controlled and sustained release, this formula-
tion aims to enhance nicotine replacement therapy, reduce
withdrawal symptoms, and improve patient compliance.
Tis study highlights the potential of plant-based excipients
in developing innovative and sustainable transdermal drug
delivery systems.

2. Materials and Methods

2.1. Materials. Te dried fruits of date palms were bought
from the Rangsit market in Pathum Tani, Tailand. PVA
(MwM 195,000) and (−)-Nicotine (with purity ≥ 99% for gas
chromatography) were obtained from Sigma-Aldrich in the
United States. Te glycerin was purchased at the P.C. Drug
Center inTailand. We bought high-quality analytical grade
chemicals from Fluka (USA), Sigma-Aldrich (USA), and
Merck (Germany).

2.2. Preparation of Date Palm Mucilage. Te process for
preparing the mucilage of date palm was taken from an
earlier investigation [5, 14, 15]. Overall, 4 L of distilled water
was used to soak 500 g of dried fruits of date palms after they
had been seeded, cut, and allowed for 36 h to dissolve. Te
solution was fltered through muslin cloth to remove any
impurities. Diethyl ether was used for further purifcation
after the mucilage was precipitated with 90% v/v ethanol.
Te fltered solution was then supplied with date palm
mucilage and dried in a hot air oven at 40°C. A fne powder
was mechanically milled from the dried mucilage and then
preserved for subsequent use in an airtight container. Te
percentage of the yield was calculated using the following
formula.
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Percentage of yield �
weight of purifiedmucilage
weight of soakedmucilage

× 100.

(1)

2.3. Method Development and Optimization of Date Palm
Mucilage With PVA-Based Plaster Gel. Tree independent
and six dependent variables were included in the BBD op-
timization of the suggested approach. When compared to
other factorial approaches, BBD minimizes the number of
experiments while providing higher-order response surfaces
[16]. Te date palm mucilage (A), PVA (B), and glycerin (C)
were taken into consideration as independent factors in this
design, whereas the pH value (Y1), viscosity (Y2), drying time
(Y3), ultimate tensile strength (UTS; Y4), elongation at break
(EB; Y5), drug content (Y6Y) were considered dependent
variables. A preliminary investigation was used to defne the
maximum and lower limitations of these key parameters. Te
range of independent parameters that we chose for this ex-
periment was as follows: the amount of date palm mucilage
varied from 2% w/w to 4% w/w, the amount of PVA was
defned between 0% w/w and 3% w/w, and the amount of
glycerin got from 10% w/w to 30% w/w depending on the dry
polymer content (Table 1). Te statistical analysis was
assessed, and experimental designs were generated using
Design Expert® software (Version 11, Stat-Ease Inc., Min-
neapolis, MN, USA).Tere were 17 trial runs conducted in all,
and Table 2 shows the responses for each. PVA pellets were
dissolved in hot water and allowed to cool to room tem-
perature before being used to prepare plaster gel. Glycerin and
mucilage were combined and mixed. Ten, 1% w/w of nic-
otine was added until a clear plaster gel was reached.

2.4. Evaluation of Date Palm Mucilage With PVA-Based
Plaster Gel

2.4.1. Appearance, Homogeneity, pH, and Viscosity. Te
plaster gels were assessed for homogeneity, viscosity, pH,
and appearance. Visual inspection for bubbles and visible
particles was used to gauge the plaster gel’s homogeneity. Gel
homogeneity was tested by pressing the gel between the
thumb and index fnger [17]. Te pH of the plaster gels was
tested at 25°C with a nonaqueous probe and a calibrated
Mettler-Toledo electrode (Mettler-Toledo GmbH, Zurich,
Switzerland) to guarantee that the formulations did not
cause skin irritation. A digital viscometer (Brookfeld model
DV-II+, Stoughton, MA, USA) was used to measure the
viscosity of plaster gel at 25± 1°C and 50 rpm spindle
rotation.

2.4.2. Liquid Drying Time. Te drying time of the plaster gel
was evaluated to mimic how well the product would work in
real-life applications. A glass plate was covered with 0.5 g of
liquid plaster, and this was the test method used. Te weight
change was then carefully measured using a 4-digit analytical
scale (MS603S/01, Mettler-Toledo, Switzerland). Each ex-
periment in the sample was run three times.

2.4.3. Drug Content. Te drug concentration was measured
by ultrasonic method, which involved extracting 10 g of
nicotine-containing plaster gel in distilled water for 30min.
Te solution was withdrawn and diluted with distilled water
to the appropriate concentration before being detected using
a UV–visible scanning spectrophotometer (UV-1800, Shi-
madzu Corporation, Japan) that was recorded at 260 nm.
Each experiment in the sample was run three times.

2.5. Characterization ofDate PalmMucilageWithPVA-Based
PlasterGel. Te obtained plaster gel containing nicotine was
put onto a Petri dish about 30 g and dried overnight at 50°C
in a hot air oven to remove the solvent from the formulation.
Te following characteristics of the obtained flm were
identifed.

2.5.1. UTS and EB. Te TA.XT Plus texture analyzer
(Texture Technologies Corporation and Stable Micro Sys-
tems, Ltd., USA) was utilized to perform the tensile test on
each 1 cm× 6 cm flm sample. Te test cross-head speed was
10mm/min, and the applied tensile force as a loaded cell was
500N.Temeasuring gauge had a length of 1 cm× 1 cm [18].
Te UTS was calculated by comparing the force of the load
cell (N) with the cross-sectional testing area (width× -
thickness of the flm in mm2). Te length of the flm at the
breaking point was compared to its originating length to
calculate the percentage of EB in millimeters. Each exper-
iment in the sample was run three times [19].

2.5.2. Diferential Scanning Calorimetry (DSC). Te DSC
equipment (DSC3+, Mettler-Toledo, Switzerland) was uti-
lized to monitor the temperature behavior of the flm sample
at a rate of 10°C/min between 25°C and 400°C. Te flm
sample was transferred to an aluminum pan, which was then
hermetically sealed. DSC curves were used to determine and
report the flm sample’s thermal characteristics.

2.5.3. X-Ray Difraction (XRD). An XRD equipment (Em-
pyrean, PANalytical, Netherlands) was used to verify the
flm sample’s crystallinity. Te parameters were adjusted at
a 40 kV operational generator voltage and a 45mA X-ray
source current with a stepped angle of 0.02° (2θ)/s in the
angular range of 5°–90° (2θ).

2.6. In Vitro Release of Nicotine From Date Palm Mucilage
With PVA-Based Plaster Gel. For this work, the donor
compartment of a modifed Franz-type difusion cell
(Hanson® 57-6M, Hanson Research Corporation, USA)
with an efective difusion area of 1.77 cm2 was flled with 1 g
of nicotine-containing plaster gel. Te Franz cells were
equipped with a dialysis cellulose membrane (MWCO:
3500Da; CelluSep® T4, Membrane Filtration Products, Inc.,
USA). Before usage, the membrane was immersed in a re-
ceptor medium at 37± 0.5°C for a whole day. Te receptor
medium was 12mL of an isotonic phosphate bufer solution
at pH 7.4 with a water jacket at 37± 0.5°C. It was constantly
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stirred at 600 rpm using a magnetic stirrer. One milliliter of
the receptor media was taken out at 0.5, 1, 2, 4, 6, 8, 10, 12,
and 24 h, and it was replaced with an equivalent volume of
fresh, pH 7.4 isotonic phosphate bufer solution. Te
UV–visible scanning spectrophotometer (UV-1800, Shi-
madzu Corporation, Japan) was used to measure the
quantity of nicotine detected at 260 nm at room tempera-
ture. Te experiment was performed three times on each
sample. Equations (2)–(5) were used to calculate four
models—zero-order, frst-order, Higuchi’s, and Kors-
meyer–Peppas—to assess the kinetic release using DDSolver
[20].

Zero − ordermodelQt � Q0 + K0t, (2)

First − ordermodel lnQt � lnQ0-K1t, (3)

Higuchi’smodelQt � KH

�
t

√
, (4)

Korsmeyer − Peppasmodel
Qt

Q0
� KKPt

n
, (5)

where Q0 is the amount of initial drug and Qt is the amount
of drug released over time (t).

2.7. InVitroPermeation ofNicotine FromDatePalmMucilage
With PVA-Based Plaster Gel. For this work, the donor
compartment of a modifed Franz-type difusion cell
(Hanson® 57-6M, Hanson Research Corporation, USA)
with an efective difusion area of 1.77 cm2 was flled with 1 g
of nicotine-containing plaster gel. A newborn-born pig skin
that had naturally died (RSU-AEC 001–2024) was attached
to the Franz cells. Te receptor medium was 12mL of an
isotonic phosphate bufer solution at pH 7.4 with a water
jacket at 37± 0.5°C. It was constantly stirred at 600 rpm
using a magnetic stirrer. One milliliter of the receptor media
was taken out at 0.5, 1, 2, 4, 6, 8, 10, 12, and 24 h, and it was

Table 1: Experimental design.

Level
Low (−1) Medium (0) High (+1)

Factors (independent variables)
A: Date palm mucilage (% w/w) 2 3 4
B: PVA (% w/w) 0 1.5 3
C: Glycerin∗ (% w/w) 10 20 30
Responses (dependent variables)
Y1: pH Maximize
Y2: Viscosity (cP) Maximize
Y3: Drying time (min) Minimize
Y4: UTS (MPa) Minimize
Y5: EB (%) Maximize
Y6: Drug content (mg/g) Maximize
∗Based on the amount of dry polymer.

Table 2: Tree-level Box–Behnken design experiments are conducted with actual values and observed responses.

Runs A
(% w/w)

B
(% w/w)

C∗

(% w/w) Y1
Y2
(cP)

Y3
(min)

Y4
(MPa)

Y5
(%)

Y6
(mg/g)

F1 3 1.5 20 5.93± 0.15 48.63± 4.04 17.60± 0.62 26.70± 2.82 36.63± 1.02 8.86± 0.34
F2 3 1.5 20 5.90± 0.70 43.43± 3.76 17.20± 0.36 27.67± 1.36 35.33± 1.34 9.03± 0.20
F3 4 3 20 6.33± 0.47 69.60± 3.04 13.53± 0.70 40.50± 1.47 27.70± 1.35 9.45± 0.53
F4 2 1.5 30 6.67± 0.25 37.53± 3.79 19.47± 1.01 20.37± 1.12 29.17± 1.90 8.67± 0.28
F5 3 1.5 20 5.60± 0.26 49.33± 5.03 16.90± 0.66 26.07± 0.25 36.40± 2.03 9.10± 0.05
F6 4 0 20 5.13± 0.25 35.07± 3.00 14.43± 1.07 29.03± 2.10 32.10± 3.13 9.00± 0.58
F7 4 1.5 10 5.63± 0.25 42.97± 1.70 16.13± 0.70 29.37± 1.63 28.67± 1.35 9.14± 0.64
F8 3 1.5 20 5.53± 0.40 45.27± 4.32 16.37± 0.55 25.23± 3.01 35.27± 1.21 8.98± 0.31
F9 2 3 20 6.87± 0.25 46.93± 2.47 18.50± 0.98 21.97± 2.73 24.73± 1.78 8.70± 0.38
F10 2 1.5 10 6.20± 0.20 33.63± 3.37 17.87± 0.61 17.40± 0.95 20.07± 1.65 8.68± 0.24
F11 4 1.5 30 6.10± 0.17 47.93± 3.86 14.43± 0.71 25.73± 1.50 41.33± 3.83 9.12± 0.18
F12 3 3 10 5.50± 0.20 58.50± 2.69 16.47± 0.80 26.70± 1.83 37.67± 1.89 8.89± 0.18
F13 2 0 20 5.87± 0.15 29.97± 2.99 20.93± 0.80 15.47± 1.36 21.93± 2.90 7.94± 0.38
F14 3 3 30 6.43± 0.40 60.60± 3.52 16.33± 1.05 22.13± 2.05 41.13± 4.52 9.19± 0.35
F15 3 0 10 5.73± 0.15 26.43± 3.65 18.87± 0.74 27.43± 0.99 31.37± 3.46 8.81± 0.26
F16 3 0 30 5.70± 0.30 35.93± 3.04 19.40± 0.70 26.40± 0.90 34.47± 1.65 8.85± 0.18
F17 3 1.5 20 5.60± 0.20 44.60± 2.76 16.93± 1.10 29.10± 1.67 28.40± 2.14 8.78± 0.33
∗Based on the amount of dry polymer.
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replaced with an equivalent volume of fresh, pH 7.4 isotonic
phosphate bufer solution. Te UV–visible scanning spec-
trophotometer (UV-1800, Shimadzu Corporation, Japan)
was used to measure the quantity of nicotine detected at
260 nm at room temperature.

Te slope of the linear portion plot between the steady-
state fow of the cumulative amount of nicotine permeated
(mg/cm2) and time (h) was used to determine the perme-
ation rate (Jss, mg/cm2/h). After that, the permeability co-
efcient (Kp, cm/h) was obtained by dividing the fow by the
initial loading of nicotine [21].

2.8. Stability of Date Palm Mucilage With PVA-Based Plaster
Gel. Te optimized plaster gel containing nicotine was
stored at ambient temperature, refrigerated, and avoided
light while its physical characteristics and drug content were
monitored.

2.9. Statistical Analysis. Microsoft Excel was used to com-
pute the means and standard deviations for every experi-
ment. A one-way analysis of variance (ANOVA) was used to
statistically analyze all the data, with a signifcance level of
p< 0.05.

3. Results and Discussion

3.1. Optimization of Date Palm Mucilage With PVA-Based
Plaster Gel. Te physical properties of the crude date palm
mucilage showed that, after purifcation, the dark brown
color became light brown.Tis change might be the result of
contaminants being removed. Furthermore, the physical
characteristics changed from hard and spongy to glossy and
crystalline. Te investigation yielded a percentage of
50.26± 6.85% [15], which was less than the yield reported in
the earlier publication [3, 5]. However, the flm produced
from date palm mucilage was brittle and had low elasticity;
also, the flm had an incomplete formation; hence, PVA and
glycerin were added to solve these disadvantages. Te BBD
technique was used to further optimize the formulation to
provide higher-order response surfaces with fewer in-
vestigations. Tree independent components were consid-
ered: date palm mucilage (A), PVA (B), and glycerin (C),
whereas the pH value (Y1), viscosity (Y2), drying time (Y3),
UTS (Y4), EB (Y5), drug content (Y6) were considered
dependent variables.

It was discovered that all of the produced plaster gels
were homogenous, satisfactory, and devoid of lumps or
grit. Teir color ranged from light to dark brown,
depending on the amount of date palm mucilage. Te
optimization of ingredients for date palm mucilage with
PVA-based plaster gel loading nicotine drug has been ef-
fectively achieved by the application of BBD. Table 2
summarizes the results of the ANOVA test, which
revealed signifcant models for the chosen independent
variables (p < 0.05). Six dependent variables (Y1–Y6) were
shown to be signifcantly infuenced by each of the in-
dependent variables, according to the ANOVA analysis.
Tree-dimensional response surface plots were generated

based on these coded equations (Table 3) to show how the
examined independent factors afected the dependent re-
sponses in Figure 1.

3.1.1. pH Value (Y1). Plaster gel’s pH value demonstrated
that the amount of date palm mucilage increased and that
this caused the pH decrease, indicating that the solution was
quite acidic. Plant mucilage is a complex polymeric sub-
stance that is mostly made up of carbohydrates and poly-
saccharides with highly branched structures. It also contains
a variety of compounds in diferent portions, especially
certain acids [7, 22]. Consequently, the resulting solution
would seem rather acidic upon dissolving plant mucilage in
water. Te pH of plaster gel was signifcantly positively
impacted by PVA and glycerin. Tis meant that as the
concentration of glycerin and PVA increased, the formu-
lation’s pH value also increased. All formulations, however,
had pH values between 5.0 and 7.0, which is the typical range
for human skin [23]. Tey would consequently not irritate
the skin, resulting in their safe to use.

3.1.2. Viscosity (Y2). Te plaster gel’s viscosity was de-
pendent on the amounts of date palm mucilage, PVA, and
glycerin. When date palm mucilage, PVA, and glycerin
concentrations increased, the viscosity also increased.
Furthermore, the viscosity was signifcantly positively
impacted by the interactions between date palm mucilage
and PVA as well as glycerin, but negatively impacted by the
interactions between PVA and glycerin. It was also note-
worthy to mention that polymers varying in concentration
could form a gel and retain their viscosity over time. Te
viscosity of the nicotine-loaded plaster gel is signifcantly
infuenced by hydrogen bonding and polymer-polymer
interactions among its components. Date palm mucilage,
rich in hydroxyl (-OH) and carboxyl (-COOH) groups,
forms strong hydrogen bonds with PVA, enhancing vis-
cosity by creating a well-structured polymer network.
Similarly, mucilage interacts with glycerin, contributing to
viscosity retention through molecular entanglement and
water-binding capacity [1, 24]. In contrast, PVA-glycerin
interactions negatively impact viscosity, as glycerin, acting
as a plasticizer, disrupts polymer-polymer bonding by
intercalating between polymer chains and weakening in-
termolecular forces [25, 26]. Tis reduction in viscosity
aligns with studies demonstrating that plasticizers interfere
with hydrogen bonding in polymer matrices. Furthermore,
variations in polymer concentration play a crucial role in
gel formation and viscosity maintenance over time.
Terefore, hydrogen bonding served as the primary
mechanism governing viscosity changes, with mucilage-
PVA and mucilage-glycerin interactions enhancing vis-
cosity, while PVA-glycerin interactions diminish it.
Moreover, because plaster gel formulations are applied to
the thin layers of skin, consistency is one of the most
signifcant features: the gel’s viscosity plays a major in-
fuence in regulating drug absorption [27]. All plaster gel
formulations were determined to have good skin adherence
properties.

Advances in Pharmacological and Pharmaceutical Sciences 5



Ta
bl

e
3:

Re
sp
on

se
m
at
he
m
at
ic
al

m
od

el
s
an
d
ac
tu
al

eq
ua
tio

ns
.

R
es
po

ns
es

M
at
he
m
at
ic
al

m
od

el
s

A
ct
ua

le
qu

at
io
ns

A
de
q
pr
ec
is
io
n∗

Y
1:
pH

Li
ne
ar

Y
1

�
6.
03

−
0.
30
(A

)+
0.
23
(B
)+

0.
02
(C
)

8.
42
50

Y
2:
V
isc

os
ity

(c
P)

Q
ua
dr
at
ic

Y
2

�
−
14
.3
6
+
18
.1
5(
A
)+

0.
04
(B
)+

1.
51
(C
)+

2.
92
(A
∗
B)

+
0.
03
(A
∗
C)

−
0.
12
(B
∗
C)

−
2.
86
(A

2 )
+
0.
89
(B

2 )
−
0.
03
(C

2 )
23
.0
32
1

Y
3:
D
ry
in
g
tim

e
(m

in
)

Li
ne
ar

Y
3

�
25
.0
0

−
2.
28
(A

)−
0.
73
(B
)+

0.
03
(C
)

16
.1
19
1

Y
4:
U
TS

(M
Pa

)
Li
ne
ar

Y
4

�
7.
13

+
6.
18
(A

)+
1.
08
(B
)−

0.
08
(C
)

9.
10
48

Y
5:
EB

(%
)

Q
ua
dr
at
ic

Y
5

�
−
41
.1
4
+
46
.6
7(
A
)+

5.
39
(B
)−

0.
91
(C
)−

1.
20
(A
∗
B)

+
0.
09
(A
∗
C)

+
0.
01
(B
∗
C)

−
7.
07
(A

2 )
−
0.
32
(B

2 )
+
0.
02
(C

2 )
7.
27
71

Y
6:
D
ru
g
co
nt
en
t(
m
g/
g)

Li
ne
ar

Y
6

�
7.
60

+
0.
34
(A

)+
0.
14
(B
)+

0.
01
(C
)

14
.3
45
8

∗
T

e
A
de
q
pr
ec
isi
on

va
lu
e
m
ea
su
re

as
se
ss
es

th
e
sig

na
l-t
o-
no

ise
ra
tio

.A
ra
tio

gr
ea
te
rt
ha
n
4
is
pr
ef
er
re
d,
in
di
ca
tin

g
th
at
th
is
m
od

el
ca
n
be

ut
ili
ze
d
to

ex
pl
or
e
th
e
de
sig

n
sp
ac
e
w
ith

ou
tt
he

ne
ed

fo
ra

dd
iti
on

al
te
st
s.

6 Advances in Pharmacological and Pharmaceutical Sciences



3.1.3. Drying Time (Y3). Drying time is the amount of time it
takes for solvent components to evaporate and the formu-
lation changes from a liquid gel to a flm on the skin.Te flm
formation time should thus be short and appropriate.
Furthermore, drying time is afected by regional factors and
weather conditions [13, 28]. Te regional factors likely refer
to environmental conditions such as temperature, humidity,
and airfow, which infuence the drying time of plaster gels.
High temperatures and low humidity promote faster drying,

while cooler temperatures and high humidity slow it down.
Airfow also plays a role, with better ventilation accelerating
the process [28]. Te drying time was signifcantly impacted
negatively by date palmmucilage and PVA, but positively by
glycerin. Tis occurred when highly distilled water solvent
was utilized in formulations with low polymer concentra-
tions, resulting in slower evaporation. Moreover, most of the
evidence indicated that glycerin hindered the evaporation of
the solvent, which increased the amount of weight in the

C: Glycerin 10% w/w* C: Glycerin 20% w/w* C: Glycerin 30% w/w*
*Based on the amount of dry polymer
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Figure 1: Response surfaces of dependent variables of plaster gel formulation.
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formulation and prolonged the drying time. Tis result
corresponds to Raoult’s law, which states that the vapor
pressure above a solution will be lower than that of a pure
solvent if any nonelectrolyte compounds are dissolved in
it [29].

3.1.4. UTS (Y4) and EB (Y5). Tis experiment reported two
diferent tensile properties: EB and UTS. Te type and
chemical composition of the components that produce flms
have an impact on their mechanical characteristics generally.
Te mechanical characteristics of flms ofer important in-
formation about their workability and application [30].
Although mucilage is a natural excipient composed of
polymeric polysaccharides, it becomes brittle when pro-
duced into a flm, potentially reducing its fexibility. Tus,
the addition of PVA and glycerin would improve its dis-
advantage. In this research, date palm mucilage and PVA
had a considerable positive impact on the UTS and EB, but
glycerin had a negative infuence. We hypothesize that an
increase in network bonding between polymer-polymer was
the cause of the stronger constructed flm from the plaster
gel formulation as the amount of polymer increased [31].
Tis suggested that the PVA addition was the cause of the
flms’ strengthening efect. It is noteworthy that flms
constructed entirely of PVA exhibit a higher UTS than flms
that are compounded of other materials [24]. Increasing the
amount of glycerin added to the formulation had varying
efects on the mechanical properties of UTS and EB. Te
addition of glycerin improved the polymer chain mobility,
which was expected to cause UTS decrease and EB increase.
Plasticizing molecules, such as glycerin can reduce sec-
ondary indicates in polymeric chains by occupying the
narrow intermolecular spaces between chains due to their
low molecular weight [26, 32]. Furthermore, when the flms
were mechanically fractionated, an increase in glycerin
concentration increased the enhancement of deformation.
Tis phenomenon might likely be attributed to glycerin’s
capacity to decrease connections between polymeric chains,
hence reducing resistance and enhancing flm fexibility
[25]. Additionally, the interactions between date palm
mucilage and glycerin as well as PVA and glycerin had
a signifcant desirable infuence on the EB, but the in-
teractions between date palm mucilage and PVA had
a negative impact. Overall, the addition of PVA signifcantly
enhanced the UTS and EB properties of the nicotine-
containing plaster gel flms by strengthening the network
structure of the brittle mucilage-based flms. Tese fndings
aligned with prior research, which highlighted PVA’s su-
perior mechanical reinforcement capabilities. However,
increasing glycerin content reduced UTS while promoting
EB, confrming glycerin’s plasticizing efect. A previous
study reported that PVA forms a robust matrix, enhancing
UTS [24], while another highlighted the role of glycerin in
reducing bonding resistance and increasing flm fexibility
[25].Tese observations validate the present study’s fndings
and underscore the compatibility of date palmmucilage with
PVA and glycerin for producing mechanically optimized
transdermal flms.

3.1.5. Drug Content (Y6). It was found that the drug con-
centration in the plaster gel formulation was positively
caused by the three independent ingredients of date palm
mucilage, PVA, and glycerin. It might have been concluded
that as the amount of polymer in the formula increased so
did the viscosity and capacity for holding the drug. Tese
values might lower than the ideal amount of drug loading. A
lower entrapment value may be the consequence of some
drugs being frmly entrapped in the formulation and being
unable to be entirely removed from the formulation [33].
Nonetheless, research demonstrated that the drug molecules
remained present in the formulations throughout the pro-
duction process without any loss.

In addition, Table 3 shows that the average prediction
error is compared to the range of expected values at the
design points, and the signal-to-noise ratio is assessed (a
ratio greater than 4 is judged acceptable) [34]. Tere was no
need for further testing because the ratio was more than 4,
indicating that the model could project outcomes inside its
targeted region.

Te efects of components and interactions on their fnal
results were impacted when the quantities of date palm
mucilage, PVA, and glycerin increased. Tis was evident in
the summary of all dependent variables. Te experiment was
designed using a statistical strategy to quickly optimize
system performance using known parameter values. A
screening experimental design procedure comprising all
known parameters suspected of infuencing the system’s
performance is the frst step in the process. Reducing the
number of research elements to a manageable few is an
important objective of the experiment when there are too
many of them. Another planned experiment or test plan
targeted at enhancing the system’s performance usually
follows this [35–37]. Because we were planning on using
PVA to help produce a completed flm of mucilage, it should
be used in small amounts to get the ideal formula. Overall,
based on Figure 1 and Table 2, the highest viscosity and
pH values were preferred because they allowed for skin
contact while the plaster gel was still gel-like and allowed for
the application of the gel on the skin without irritating [38].
Because it would quickly form a flm on the skin, the time
required for drying should be as short as possible. Tere
should be adequate fexibility, or low TS and high EB values
after the plaster gel has created a thin flm on the skin. Lastly,
there should be the highest amount of drug fnding possible
in the formulation. Consequently, the criteria for optimizing
nicotine-loading plaster gel are summarized in Table 1.
Table 4 shows that this study was efective in reducing the
number of trials necessary for producing the plaster gel
formulation including date palm mucilage, PVA, and
glycerin at a weight ratio of 3.5%:1.8%:30% w/w, re-
spectively.Temaximum desirability value for a weight ratio
was 1.000. Te appropriate weight ratio was established
again to confrm the accuracy of Design-Expert’s pre-
dictions, as shown in Table 4.Te percentage of errors varied
between 1.17% and 10.41%. Tese results meant that the
predictions made by Design-Expert had a low proportion of
error and were correct. For the next pharmaceutical ap-
plication study, the ideal weight ratio of date palm mucilage,
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PVA, and glycerin—3.5%:1.8%:30% w/w—was thus used.
Light brown was the color of the produced optimum plaster
gel containing nicotine (Figure 2(a)).

3.2. Characterization of Fabricated Film of Date Palm
Mucilage With PVA-Based Plaster Gel

3.2.1. Liquid Drying Time. A profle of the plaster gel drying
times is presented in Figure 3. Tere was no signifcant
diference seen in the drying times of nicotine-loading
plaster gel and blank plaster gel. All formulations had fast
evaporation rates within the frst 10 minutes, which were
estimated to be responsible for 30 percent of the weight loss.
Subsequently, the solvent would progressively evaporate at
its evaporation rate. It took approximately 15min to pro-
duce a complete flm. Te dry flm formed at 45.33± 4.16%
and 44.67± 9.45% of the total weight of blank and nicotine-
loaded plaster gel, respectively.

3.2.2. DSC. A thermal method known as DSC is used to
investigate the glass transition temperature (Tg), melting
temperature (Tm), and crystallization temperature (Tc), in
addition to the enthalpy that is connected with each step.
For pure nicotine, the DSC curve shows an endothermic
thermal event at 242.68°C.Tis temperature corresponds to
the melting point of nicotine, which is reported in the
previous work [39]. Te characteristic Tm of nicotine, on
the other hand, did not appear in the DSC curve that we
presented in Figure 4(a). Although this curve did not show
nicotine characteristics, it was discovered by extracting and
analyzing it with HPLC. Tis was due to the simple reason
that the formulation contained a signifcantly lower
quantity of nicotine than other constituents. Tere was
a possibility that the DSC curve of the nicotine-loading
plaster gel might only be shown for polymer blends in the
formulation (Figure 4(a)). Two regions of thermal char-
acteristics were observed, and those regions were Tg and
Tc. Te frst peaks that were seen occurred at 108.17°C, and
the energy of the reaction was 113.55 J/g, which corre-
sponds to the Tg. Te thermogram in the present case
began at 45.01°C and concluded at 161.66°C. Tis indicates
that water evaporation occurred, and the heating produced
a large endothermic peak, which is characteristic of organic
compound materials with lower molecular weights or short
chains that include hydrophilic groups seen in plant

mucilage [40]. Te semicrystalline structure of the muci-
lage was demonstrated by the second peak, which was
found to occur at 225.67°C and where the energy of the
reaction was 46.01 J/g. Tis peak corresponds to the Tc of
the formulation.

3.2.3. XRD. Te amorphous, semicrystalline, or crystalline
structure of the flm of the plaster gel was investigated using
XRD.Te XRD pattern of nicotine-loading plaster gel is seen
in Figure 4(b). Te XRD pattern indicated the high-intensity
peak of the semibroad peak found at 20.08° which supported
the semicrystalline structure of the plant mucilage.Tis XRD
observation was in agreement with the DSC result that
indicated a semicrystalline structure. Plant mucilage has
several hydroxyl groups that may be advantageous for the
formation of hydrogen-bonded interactions between and
within molecules, resulting in variability in the mucilage’s
crystallinity [40, 41]. Because of its semicrystalline structure,
mucilage may be used as a thickening, strengthening, and
possibly reinforcing agent [42].

3.3. In Vitro Release. Te initial concentration of nicotine in
the plaster gel was 9.51± 0.19mg/g. Consequently, a nicotine
solution of 10mg/g was prepared in distilled water to be
equivalent to the nicotine content in the formulation and
placed in the donor compartment. Te profles of nicotine
release are shown in Figure 5(a). Pure nicotine was faster
released into the medium from distilled water than from the
plaster gel formulation. Tis resulted from the possibility
that the gel might delay the release of nicotine. Te highest
nicotine release observed in a 24-h study was 97.80± 6.13%
for distilled water and 86.89± 13.15% for plaster gel for-
mulation. Te delay in nicotine release from the plaster gel
formulation was attributed to the structural and composi-
tional characteristics of the gel, specifcally the interactions
between date palm mucilage, PVA, and glycerin. Tese
components formed a cohesive polymer matrix that regu-
lated drug difusion through several mechanisms. Firstly,
date palm mucilage, rich in polysaccharides and hydroxyl
groups, formed a semicrystalline network with a high ca-
pacity for hydrogen bonding. Tis network created a difu-
sion barrier, which hindered the rapid release of nicotine
molecules. Te semicrystalline structure, as evidenced by
XRD pattern, supported a slower release by limiting free
molecular movement [43]. Secondly, PVA contributed to

Table 4: Predicted value, experimental value, and percentage error of plaster gel.

A
(% w/w)

B
(% w/w)

C∗

(% w/w) Y1
Y2
(cP)

Y3
(min)

Y4
(MPa)

Y5
(%)

Y6
(mg/g)

3.5 1.8 30

Predicted value from Design-Expert® program
6.07 50.97 15.86 28.26 41.33 9.13

Experimental value
6.14± 0.05 45.67± 1.75 14.77± 1.19 26.83± 2.15 38.20± 2.39 9.51± 0.19

Percentage error∗∗

1.17 10.41 6.87 5.06 7.58 4.14
∗Based on the amount of dry polymer.
∗∗Percentage error� [(Experimental value− predicted value/experimental value)× 100].
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the formation of a robust polymer matrix, further rein-
forcing the difusion barrier. Its hydrogen-bonding in-
teractions with mucilage increased the gel’s structural
integrity and created a tightly knit network that restricted
nicotine difusion.Te role of PVA as a difusion-controlling
agent had been demonstrated in previous studies, where it

provided sustained drug release due to its crystalline do-
mains [44]. Lastly, glycerin acted as a plasticizer, enhancing
flm fexibility but simultaneously contributing to the gel’s
water-retention properties. Tis slowed down solvent
evaporation and helped maintain the gel matrix, which
further moderated the difusion of nicotine. Similar fndings

(a) (b)

Figure 2: Appearance of nicotine-loading plaster gel: (a) fresh preparation and (b) stability test. Stability test 4 weeks: (left) ambient
temperature and (right) refrigerator.
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Figure 4: (a) DSC thermogram and (b) XRD pattern of nicotine-loading plaster gel.
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were reported in formulations where glycerin prolonged the
release of active compounds by increasing gel moisture
content and stability [45]. Te combined efects of these
interactions—mucilage’s semicrystalline nature, PVA’s
network reinforcement, and glycerin’s water-retention
properties—created a difusion-controlled environment.
Tis mechanistic understanding aligned with studies dem-
onstrating how polymeric gel matrices modulated drug
release profles through difusion and polymer relaxation
processes. Tus, the gel’s ability to delay nicotine release was
attributed to these complex interactions, which maintained
a controlled and sustained release environment.

Te DDSolver application is utilized to calculate the
kinetic releases (Table 5). It was discovered that the frst-
order model with the highest R2 provided the appropriate
kinetic release of nicotine from both distilled water and
plaster gel formulation. Te fact that the release was pro-
portional to the amount of nicotine remaining in the for-
mulation and time-dependent was also readily evident. Te
release rate of nicotine from distilled water was approxi-
mately twice that of the plaster gel formulation. Te
Korsmeyer–Peppas model has the beneft of allowing for
mechanistic problems such as modeling the drug release
process from formulation using the transport exponent, n.
When there are no limits, nmust equal or be less than 0.5 to
have a Fickian difusion process; on the other hand, values of
n between 0.5 and 1 show non-Fickian difusion and suggest
the presence of a boundary region infuencing passive drug
difusion [46]. Te Korsmeyer–Peppas model predicted that
the difusion exponent n-value for nicotine release from the
plaster gel formulation was 0.323, which might be explained
by Fickian difusion. In summary, it was found that the
release of nicotine from the plaster gel formulation was
probably caused by a difusion-controlled process.

3.4. In Vitro Permeation. An in vitro permeation study was
performed to assess the nicotine’s efectiveness to enter the
dermis and epidermis of dead pig skin. Te profles of
nicotine permeation are shown in Figure 5(b). Te highest
nicotine permeation observed in a 24-h study was
88.92± 10.13% for distilled water and 78.82± 13.57% for

plaster gel formulation. In vitro procedures using animal
skin are frequently used to examine the penetration of
potentially topical drugs. Te permeability features of the
stratum corneum, which may be considered as the rate-
limiting step for skin absorption, remain unchanged after
removal from the body, allowing for direct comparison [47].
Nicotine might permeate the epidermis to a limited extent,
despite having a high release profle. Te calculated pa-
rameters for the in vitro nicotine permeation from distilled
water, Jss, and Kp were 0.35± 0.02mg/cm2/h and
3.57± 0.17×10−2 cm/h, respectively, whereas the values
from plaster gel formulation were 0.30± 0.01mg/cm2/h and
3.13± 0.11× 10−2 cm/h, respectively.

In our study, the plaster gel formulation exhibited
a sustained nicotine release, with approximately 86.89% of
nicotine released over a 24-h period following a frst-order
kinetic model. Tis controlled release profle contrasts with
the faster release observed from a pure nicotine solution,
indicating that the natural polymeric network—formed by
date palm mucilage, PVA, and glycerin—efectively retards
drug difusion. Such a mechanism is largely attributed to the
semicrystalline structure of the gel, where extensive hy-
drogen bonding within the mucilage-PVA matrix creates
a difusion barrier. Furthermore, the in vitro permeation
studies revealed a maximum nicotine permeation of 78.8%
over 24 h, with Jss and Kp values of 0.30mg/cm2/h and
3.13×10−2 cm/h, respectively. When comparing these
fndings with conventional transdermal nicotine patch-
es—typically formulated using synthetic polymers—it is
evident that our formulation achieves a slower, more con-
trolled permeation profle. Literature reports often highlight
that synthetic polymer-based systems tend to exhibit higher
initial fuxes and faster overall permeation rates [39, 48]. Te
novelty of our approach lies in the use of a natural, plant-
derived mucilage from P. dactylifera (date palm), which not
only contributes to the eco-friendly and sustainable nature
of the formulation but also imparts unique physicochemical
properties.Te natural mucilage, with its high concentration
of hydroxyl groups, enhances the formation of a robust,
semicrystalline network. Tis network is key in moderating
both the release and permeation of nicotine, thereby

0

20

40

60

80

100

0 4 8 12 16 20 24

Cu
m

ul
at

iv
e o

f n
ic

ot
in

e r
el

ea
se

 (%
)

Time (hrs)

Nicotine solution Plaster gel

(a)

0

20

40

60

80

100

0 4 8 12 16 20 24Cu
m

ul
at

iv
e o

f n
ic

ot
in

e p
er

m
ea

tio
n 

(%
)

Time (hrs)

Nicotine solution Plaster gel

(b)

Figure 5: (a) In vitro release and (b) in vitro permeation of nicotine from plaster gel.
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Table 5: Kinetic models of nicotine release from plaster gel using add-in DDSolver program.

R2
Release rate∗K1 (h−1) n

Zero-order model First-order model Higuchi’s model Korsmeyer–Peppas model

Nicotine solution 0.7255 0.9843 0.9011 0.422 —
Plaster gel 0.7989 0.9863 0.9461 0.205 0.323
∗Calculated from best kinetic (frst-order model).
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Figure 6: Properties of the produced optimum plaster gel containing nicotine after the stability test. (a� p< 0.05 and b� p> 0.05).
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potentially reducing the likelihood of peak-related side ef-
fects often associated with more rapid drug delivery. By
situating our fndings within the broader context of nicotine
delivery research, it becomes clear that the incorporation of
date palm mucilage provides a promising alternative to
traditional synthetic systems. Te controlled release and
moderate permeation parameters observed in our study may
translate into improved patient compliance and a reduced
risk of adverse efects, ofering a novel pathway for NRT.

3.5. Stability. Te plaster gel formulation was found to be
stable after 4 weeks of storage, as evidenced by the absence of
color changes in tests performed both at ambient temper-
ature and in a refrigerator with light protection (Fig-
ure 2(b)). Figure 6 shows the product’s characteristics,
including pH, viscosity, and drying time, indicating modest
variations; however, these might be better controlled by
storage in a refrigerator instead of at the ambient temper-
ature. Surprisingly, there was no signifcant variation in
mechanical properties between UTS and EB following
storage under both conditions compared to fresh prepara-
tion. Although storage would have nearly identical efects,
nicotine became available in the formulation after stability
tests revealed that keeping it in the refrigerator maintained
more of the drug than keeping it at ambient temperature.
Te amount of nicotine that remained in the plaster gel
formulation decreased due to its volatility and potential for
fast degradation when exposed to weather conditions. Tese
results therefore showed that the nicotine-loading plaster gel
showed high physical stability with little alterations noted;
we highly recommended keeping it in a refrigerator rather
than at ambient temperature.

Although our study included stability tests under both
ambient and refrigerated conditions over a 4-week period,
a more in-depth evaluation of the long-term stability and
shelf life of the nicotine-loaded plaster gel is essential for its
practical application. Extended stability studies should
consider the following aspects:

1. Nicotine degradation: Over longer storage periods,
nicotine is prone to degradation due to its inherent
volatility and susceptibility to oxidative processes. To
ensure therapeutic efcacy, it is crucial to monitor the
degradation rate of nicotine using advanced analytical
techniques such as HPLC. Future studies should in-
clude accelerated stability testing under controlled
conditions (e.g., 40°C/75% RH) over six to 12 months,
which will help predict the shelf life and establish
appropriate storage conditions.

2. Gel consistency: Te physical consistency of the gel,
including its viscosity and drying time, is expected to
remain stable to guarantee consistent drug release
performance. Extended studies should assess whether
any phase separation or polymer degradation occurs
over time, which could alter the gel network. Regular
evaluations of viscosity and flm formation properties
will provide insight into potential changes in gel

structure that might afect both application and drug
release.

3. Mechanical properties: Mechanical integrity, char-
acterized by parameters such as UTS and EB, is critical
for ensuring the durability and user comfort of the
plaster gel. Prolonged storage might lead to a decline
in these mechanical properties due to ongoing mo-
lecular rearrangements or loss of plasticizer efcacy.
Terefore, long-term assessments should monitor
these properties periodically to confrm that the flm
maintains adequate fexibility and strength through-
out its intended shelf life.

In summary, while initial stability tests indicate that the
formulation remains robust over a short period, compre-
hensive long-term stability studies are necessary. Tese
studies should focus on quantifying nicotine degradation,
maintaining gel consistency, and preserving mechanical
properties to reliably predict the formulation’s shelf life.
Such data will be instrumental in guiding storage recom-
mendations and ensuring the consistent performance of the
nicotine-loaded plaster gel during its entire lifecycle.

4. Conclusions

Te most important objective of this research was to opti-
mize the various components utilized in the nicotine-
containing plaster gel of a plant mucilage obtained from
the fresh fruit of P. dactylifera (date palm), with an emphasis
on assessing its practical properties. Te physicochemical
features of the resultant (pH value, viscosity, drying time,
UTS, EB, and drug content) were found to be infuenced by
a variety of factors, including date palm mucilage, PVA, and
glycerin. Te results showed that the date palm mucilage,
PVA, and glycerin at a weight ratio of 3.5%:1.8%:30% w/w
were benefcial in lowering the number of trials required to
produce the nicotine-containing plaster gel formulation.Te
optimal nicotine-containing plaster gel formulation in-
dicated about 15min to make a complete flm that formed at
44.67± 9.45% of the total weight of the dried flm. Because it
was made from plant mucilage, the optimal formulation of
nicotine-containing plaster gel had a semicrystalline struc-
ture. It was also easily apparent that the formulation could
regulate the release of nicotine by making it proportionate to
the total amount of nicotine remaining in the formulation
and time-dependent.Te highest nicotine permeation found
in a 24-h investigation was 78.82± 13.57%. In vitro nicotine
permeation yielded Jss and Kp values of 0.30± 0.01mg/cm2/
h and 3.13± 0.11× 10−2 cm/h, respectively. Te nicotine-
loading plaster gel consequently demonstrated good phys-
ical stability with few changes seen, according to stability
testing; we strongly advised storing it in a refrigerator in-
stead of room temperature.
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