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Abstract. Santi TD, Siregar TN, Sutriana A, Andini R, Candra A. 2022. Phytochemical test and optimization of transdermal patches of
Carica papaya extract: Formulation design of transdermal patch as candidate drug for wound healing. Biodiversitas 23: 2904-2913.
Papaya leaves contain metabolite compounds that have anti-inflammatory and wound-healing properties. This leaf extract as a
transdermal patch allows easy application for wound healing. This study aimed to examine the phytochemicals of papaya leaves and
determine the formulation of the transdermal patch. This study employed qualitative methods with color testing and quantitative
methods with Gas Chromatography-Mass Spectrophotometry (GC-MS) to determine the phytochemical profiles of papaya leaves. The
optimization test of patches used Response Surface Methodology with Box-Behnken design on Expert Version 12 software. There were
three factors (x) tested in the study, namely PVP, ethyl cellulose, and Ethanol Extract of Papaya Leaves (EECP). There were also three
responses (y) investigated, namely thickness, weight, and moisture content. The phytochemical color testing results revealed the
presence of alkaloids, steroid, terpenoid, saponins, flavonoids, phenolic compounds and the GC-MS analysis showed six compounds
with the widest areas. From an ANOVA analysist, the p-value was significant (<0.5) while the match value was less significant (p-value
>5%). The optimal patch found in this study was the one containing PVP (0.3 mg), ethyl cellulose (0.4 mg), and EECP (0.3 mg). In
terms of response values (y), the patch had a thickness of 0.25 mm, a weight of 82 mg, and a moisture content of 4.39%.

Keywords: Box-Behnken, formulation, GC-MS, transdermal patch

INTRODUCTION

Transdermal patch is a patch containing active substances
for medication. It is attached directly to the skin to allow the
drugs in it to be absorbed slowly and more protectively into
the skin (Kovacik et al. 2020). Manufacturing transdermal
patches require a penetration enhancer with no therapeutic
effect. Transdermal patches can increase skin permeability,
penetrate the penetration barrier (stratum corneum), and
transport drugs into the skin (Seah and Teo 2018; Szunerits
and Boukherroub 2018).

The use of a transdermal patch can minimize drug
interactions, avoid the first-pass effects, and cause a
systemic reaction. Plasma drug levels are more stable for a
long period due to good bioavailability. They can also be
applied to patients who have difficulty swallowing drugs
and can improve patients’ compliance. The patch use can
be discontinued immediately if side effects occur (Khatoon
2017; Saghazadeh et al. 2018; Sharma et al. 2021).
Preparing traditional medicine as a new drug candidate will

increase its therapeutic effects, convenience, and dosage
accuracy. One plant that can be formulated as a transdermal
patch is Carica papaya L. In Aceh, papaya leaves have
been traditionally used by the locals as an antioxidant, anti-
inflammatory and wound healing (Candra and Santi 2017).

Papaya leaves have a number of bioactive compounds
(Nandini et al. 2020), such as flavonoids (Jimenez et al.
2020), alkaloids (Adedayo et al. 2020), phenolic (Santi
2015), saponins (Nafiu et al. 2019), and other active
components (Sankarganesh et al. 2018). Secondary
metabolites from active C. papaya leaves can be utilized in
the form of transdermal patches for anti-inflammatory, and
wound healing. To obtain an optimal wound healing effect,
it is necessary to develop an optimization formula for
transdermal patches using the Response Surface
Methodology. This method is a mathematical-statistical
technique to analyze response models related to several
factors to optimize responses (Oramahi 2016). One of the
designs in the Response Surface Methodology (RSM) is



SANTI et al. — Phytochemical test and optimization of papaya leaf patches

Box-Behnken Design on Expert Version 12 software which
tests three factorial levels (Tekindal et al. 2012).

This study aimed to examine the phytochemicals of
papaya leaves using color testing method and Gas
Chromatography-Mass Spectrophotometry (GC-MS) and to
optimize the formulation of transdermal patches of Carica
papaya leaves for wound healing using Box-Behnken
design with the quadratic model on Design Expert Version
12 with three factors (x) and three responses (y).

MATERIALS AND METHODS

Materials and tools

Papaya (Carica papaya L) leaves were collected from
Lambhuk, Banda Aceh City, Indonesia. Taxonomic
identification was carried out at the Biology Laboratory,
Faculty of Mathematics and Natural Sciences, Universitas
Syiah Kuala, Banda Aceh, Indonesia.

The other materials used in the study were polyvinyl
pyrrolidone (PVP), ethyl cellulose, Dimethyl Sulfoxide
(DMSO), Papaya Leaf Ethanol Extract (EECP), propylene
glycol, and 50% ethanol. The following tools were utilized:
GC-MS (Agilent Technologies 7890 Gas Chromatograph,
California, USA), Whatman No.1 filter paper, and a
vacuum rotary evaporator (BUCHI R-300, Switzerland).

Research methods
Maceration

Papaya leaves were harvested at 10.00 WIB. The leaves
were purposively selected based on the following criteria:
green and not too old. Then, 1 kg leaves were cleaned
using running water. After being drained, the leaves were
cleaned from any dirt that might still attach to them. Next,
they were dried in the shade and protected from direct
sunlight for 7 days. Dried leaves were then re-sorted and
turned into powder using a blender.

The preparation of C. papaya ethanol extract (EECP)
consisted of several steps. Firstly, five hundred grams of
papaya leaf powder were put into a bottle and mixed with
96% ethanol solvent to produce an extract. Secondly, the
extract was soaked for 72 hours with occasional stirring to
make it completely submerged. Next, a green liquid filtrate
was obtained after the extract was filtered using Whatman
No.1 filter paper. Evaporation was also carried out using a
vacuum rotary evaporator (T: 50°C) to obtain a thick
extract (16 g).

GC-MS method

EECP analysis was carried out at Labkesda Jakarta
using GC-MS (Agilent 5975 with 7890 GC). The mass
spectrum was recorded at 70 eV with fragments of 40,650
Da. GC-MS works by separating the components in the
mixture through gas chromatography. Each of the
components can be made into a mass spectrum with higher
accuracy. The separation by gas chromatography produces
chromatograms, whereas mass spectrometry examination
of each compound results in a spectrum (Nurhaen et al.
2016).
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Transdermal patch formulation

Transdermal patch formulation comprised several steps.
Firstly, a polymer base was created by dissolving ethyl
cellulose in 2 mL of 50% ethanol with the addition of PVP
until they were homogeneous. Next, DMSO was added to
it. After that, the ethanol extract of C. papaya leaves was
made by dissolving propylene glycol and 3 mL of ethanol.
Then, the solvent was added to the polymer base. After
they were homogenized, 10 mL of 50% ethanol was added
to the mixed formula which was then poured into a petri
dish with an area of 19.94 cm and evaporated to dryness at
room temperature.

Characteristics of transdermal patch

The response characteristics (y) of transdermal patches
in the study included the thickness, weight, and moisture
content.

Patch thickness

Patch thickness was measured using a micrometer at
three different points (David et al. 2015), namely the edge
part, middle part, and the part in between. The values of
those three parts were then added and divided by 3 to
achieve the mean of the thickness.

Weight

The transdermal patch weight was obtained by
weighing each patch using an analytical balance. Then, the
average weight was determined.

Moisture content

The transdermal patches that had been shrunk in a
desiccator were weighed and put into a climatic chamber at
40°C for 24 hours and re-weighed. The percentages of their
moisture content were obtained by reducing the final
weight with the initial weight and dividing it by the initial
weight (Patel et al. 2009).

Wa2-—wW1
% Moisture content= w1 x 100

In the above formula, W1 represents the initial weight
while W2 is the final weight.

Organoleptic

The EECP transdermal patch organoleptic test was
assessed from the shape, color, odor, and consistency of the
patch surface.

Statistical analysis

The optimization test of transdermal patch formulation
used the Box Behnken design on Design Expert 12
software. Three factors (x) were tested here, namely
Polyvinyl Pyrrolidone (PVP), ethyl cellulose, and EECP.
Three responses (y) were also tested, namely thickness
(mm), weight (mg), and moisture content (%). The
polynomial equation was obtained based on (Joshi and
Garud 2021):

y = B0 + BLA + 2B + B3C + B4AB + B5AC + B6BC +
B7A2 + BSB? + P9C?
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In this equation, y represents the responses to factor A
(polyvinyl pyrrolidone (PVP)), factor B (ethylcellulose),
and factor C (EECP).

Optimum formula prediction

The optimum transdermal patch formulation was
obtained by analyzing 17 runs, as shown in Table 3. The
research used a quadratic model by looking at the R2 value
and PRESS value, which were then compared with the
responses of the linear model and 2FI model. The value of
R2 shows the regression factors (x) and responses (y),
which is adequate if it is above 70% (Tekindal et al. 2012).

RESULTS AND DISCUSSION

Taxonomy and morphology of C. papaya

The result of taxonomy identification carried out at the
Biology Laboratory, Faculty of Mathematics and Natural
Sciences, Universitas Syiah Kuala, Banda Aceh, is Carica
papaya L. The taxonomy identification was deemed necessary
to ensure the correctness of the plant characteristics being
studied. The results of leaf morphology showed large leaf
blades, fingered, single, and serrated with hollow petioles.
The leaves had a length of 37 cm, a diameter of 25-47 cm,
a green color, and were located at the top of the stem
(Figure 1).

The color test results showed the presence of secondary
metabolites of flavonoids, steroid, alkaloids, terpenoid,
saponins, and phenolic, as presented in Table 1. The
analysis of metabolite compounds used several polar-
specific reagents that interacted with EECP with the
principle of like dissolves like. The reagents were Mayer’s
reagent, Dragendoffs reagent, and Wagner’s reagent. Mayer’s
reagent contains potassium mercury iodide which reacts with
nitrogen alkaloids to form a precipitate. Dragendoffs reagent
contains bismuth-potassium iodide which reacts with
nitrogen alkaloids to form sediments, whereas Wagner’s
reagent consists of iodide-potassium iodide which reacts
with alkaloids to form colored salt complexes that are
difficult to dissolve in water (Raal et al. 2020). The
formation of precipitates in the Mayer, Wagner, and
Dragendoff tests proved that EECP contains alkaloids.

Alkaloids have anti-inflammatory activity (Abbiw
1990), which inhibits cytokine production (Hess 2011),
accelerates wound healing, increases cell motility and
proliferation of dermal fibroblasts, increases the rate of
epithelial cell formation, which thereby accelerates the
process of wound regeneration. In addition, alkaloids
accelerate angiogenesis (Zahra et al. 2011), increasing
blood supply to new epithelial cells (Fetse et al. 2014).

The flavonoid content in EECP was tested using a
Liebermann-Burchard reagent, resulting in a bluish-green
color which indicated the presence of flavonoids. Flavonoids
have broad biological activity as anti-inflammatory and
antioxidant (Gutiérrez et al. 2014). Antioxidants play a role
in accelerating wound healing by preventing reactive
oxygen species (ROS) from penetrating the wound area
(Barku 2019). Flavonoids inhibit the activity of
cyclooxygenase (COX), lipoxygenase enzymes, leukocyte

BIODIVERSITAS 23 (6): 2904-2913, June 2022

accumulation, neutrophil degranulation, and histamine
release (Nijveldt et al. 2001). The presence of these
secondary metabolites indicates that papaya leaves have a
pharmacological effect and potential for wound healing.

The saponins in EECP have wound healing activity that
increases the number of fibroblast cells, macrophages, and
growth factors (FGF-2, GF, TGF-p) for proliferation. TGF-
B is associated with fibroblast activation and collagen
deposition that make up the epithelial layer (Minutti et al.
2017). Saponins can kill or prevent the growth of
microorganisms and form collagen which is essential for
the wound healing process (Hassan et al. 2012).

The results of the analysis in Table 1 showed that
EECP contains phenolics that have antioxidant effects that
inhibit lipid peroxidation and accelerate wound healing
(Miladiyah and Prabowo 2012). Tannins compounds in
papaya leaves, on the other hand, were unidentifiable in the
current study which might be due to several factors, such as
environmental factors that affect the number of secondary
metabolites in plants, including altitude, soil pH, the
intensity of sunlight, and humidity. The results of the
current study differed from those of the phytochemical test
conducted by Shubham et al. (2019) which succeeded in
identifying the presence of tannins. Tannins can also be
identified by (Nandini et al. 2020) and (Nugroho et al.
2017) in a green-black color when tested with ferric
chloride (FeClI3).

Figure 1. Papaya leaf. i: lobes of the lamina, ii: petiole, iii: leaf
base

Table 1. EECP phytochemical test results

Secondary metabolite Reagen Result
Alkaloids Mayer +
Wagner +
Dragendorff +
Steroid Liebermann- Burchard +
Terpenoid Liebermann- Burchard +
Saponins Shaken +
Flavonoids HCI and Mg +
Phenolic FeCls +
Tannins FeCls -
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The property of EECP can be attributed to wound
healing and anti-inflammatory. In study by Santi (2015), C.
papaya leaves have been investigated for anti-
inflammatory activity in rat using carrageenan-induced paw
edema. The result of study showed papaya leaves extract
can inhibit prostaglandins mediated inflammation.
Similarly, in another study conducted by Owoyele et al.
(2008), and Osuki et al. (2010) and the ethanolic extract of
C. papaya significantly reduced paw edema, which might
resemble the effect of a COX selective inhibitor.

Phytochemical compounds are secondary metabolites in
bioactive compounds that play a crucial role in the research
of drugs from plants. In this study, testing of
phytochemical compounds was carried out qualitatively to
prove that the secondary metabolites act as an anti-
inflammatory and wound healing agent. Wound healing is
a series of biochemical reaction to repair the damage in
steps, namely, hemostasis, inflammation, proliferation and
maturation.

EECP phytochemical test with GC-MS

The results of the EECP analysis with GC-MS showed
the presence of several active compounds with different
areas in EECP. Meanwhile, Figure 2 indicated that there
were six compounds with the widest areas, namely n-
Hexadecanoic acid, phytol, methyl linolenate, linolenic
acid, oleoyl chloride, and carpaine (Table 2).

GC-MS analysis can identify various components of
compounds in plant cells, unlike ordinary phytochemical
screening which is only able to identify compound groups
(Hamuel 2012). The chromatogram revealed that there
were six compounds with the largest areas and the largest
component of EECP from Lambhuk, Banda Aceh, Aceh
Province, namely linolenic acid with an area of 16.79%,
methyl  linolenate  14.4%, carpaine 11.78%, n-
Hexadecanoid acid 8.77% and phytol 8.51%. The retention
time of each compound was determined by the boiling
point of the compound. The difference in retention time of
the compounds can be caused by the interaction of the
compounds with the stationary phase, which in this case, is
the column used in the gas chromatography system. The
resulting chromatogram was formed based on the total
number of ions formed in each component of the chemical
compound in a sample. The greater the percentage of a
component in the sample, the higher the peak produced,
and vice versa.
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The GC-MS mass spectra of EECP with retention time
of 28.079 minutes are identical to mass spectra of n-
hexadecanoid acid. This compound belongs to saturated
long-chain fatty acid with the other name Hexadecanoic
acid, palmitic acid. This compound has been reported to
have anti-inflammatory, antioxidant, reduce high-fat diet,
inhibit arthritis, decreased the secretion of exosomes in the
prostate cancer cell, alpha-reductase inhibitor activities,
hypocholesterolemic and hemolytic agents (Souza et al.
2018).

Phytol is a diterpene with other name 2-hexadecen-1-ol,
3,7, 11, 15- tetramethyl-, [R-[R*,R*-{E}]; trans-phytol;
3,7,11,15- tetramethyl-2-hexadecen-1-ol. This compound
obtained in our extract had retention time of 28.603
minutes which is identical to the GC-MS mass spectra.
Phytol has been evident to have anti-inflammatory,
antioxidant, antimicrobial, antitumorous, antidiabetic, dan
antidepressant (Pejin et al. 2014). Similarly, study in silico
by Islam et al. (2015) showed that phytol efficiently with
COX-1and 2, IL-1p.

The methyl linolenate has other name of methyl (9E,
12E, 15e)-9,12,15-octadecatrienoate; 9,12,15-octadecatrienoic
acid, methyl ester; methyl 9,12,15-octadecatrienoate which is
commonly used as anti-melanogenic activity, antioxidant,
antifungal, anti-inflammatory (Huh et al. 2010). This
compound is a fatty methyl ester derived and has retention
time of 28.472 minutes is identical to mass spectra of
methyl linolenate.

The GC-MS mass spectra of the papaya extract with
retention time of 29.155 minutes are identical to mass
spectra of linolenic acid. This compound is an essential
fatty acid that belongs to the omega-3. The other name
9,12,15-Octadecatrienoic acid, (z,z,z); alpha-linolenic acid;
all-cis-9,12,15-octadecatrienoic acid. This compound has
been reported to inhibit the synthesis of prostaglandin,
reduced inflammation, prevention of chronic diseases,
against oxidative stress (Pal and Ghosh 2012).

The oleoyl chloride compound is a fatty acid derivative,
which applications in industries and cosmetic products.
(Prakash et al. 2019) The peak has a retention time of
30.513 minutes and having a relative peak area of 6.93%.
In study by Cardoso (2011), the lesions closure in the 5-day
experimenetal (faster healing of the injured skin).
Furthermore, oleoyl chloride concomitant elevated
expression of IL-17 and TNF-a in angiogenesis (Sainson et
al. 2008).

Table 2. The main EECP compounds identified by GC-MS and biological activities

Phytochemical compounds RT (menit)  Area (%)  Activity

n-Hexadecanoic acid 28.079 8.77 Wound healing, anti-inflammatory, antioxidant, nematicide, pesticide,
hemolytic, 5-alpha reductase inhibitor, potent mosquito larvicide,
antiandrogenic, hypocholesterolemic (Thi et al. 2011; Devi et al. 2018)

Phytol 28.472 8.51 Wound healing, antioxidant, antinociceptive, antimicrobial, anti-
inflammatory, diuretic and anticancer (Pejin et al. 2014)

Methyl linolenate 28.603 14.4 Antioxidant, antibacterial, antifungal (Jalalvand et al. 2019)

Linolenic acid 29.155 16.79 Anti-inflammatory, cancer preventive, hepatoprotective, antiarthritic,
insectifuge, antiacne (Kumar et al. 2010)

Oleoyl chloride 30.513 6.93 Antioxidant (Kannaian et al. 2019), antibacterial (Ghosh et al. 2021)

Carpaine 39.905 11.78 Antimicrobial, antithrombocytopaenic, antiplasmodial, anti-

inflammatory (Priyadarshi and Ram 2018)
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Figure 2. GC Chromatogram of EECP

Carpain is an alkaloid group and have been shown to
antithrombocytopenic  activity, exhibit cardiovascular
effects. The peak of these compounds has a high retention
time of 39.905 minutes. Carpaine contributes to anti-
thrombocytopenic activity and has antioxidant properties.
(Zunjar et al. 2016; Yap et al. 2021). The result study by
Sudi et al. (2022) showed carpaine by improving the
wound healing through the proliferation and improved the
recovery of the MMP

The characteristics of the transdermal patch were
identified based on several parameters: organoleptic,
thickness, weight, and moisture content.

Organoleptic

Overall, an EECP transdermal patch had a film shape, a
brownish-green color, a characteristic odor. It was also
slightly wet, flat, and rather sticky. The organoleptic results
showed that the patch can be applied to the skin.

Optimum formula prediction

The formulation design and responses of the EECP
transdermal patches are shown in Table 3. Analysis of
variance (ANOVA) of the transdermal patch design model
is shown in Table 4.

The results of the formulation of the transdermal patch
preparation of C. papaya leaves are shown in Figure 3.

Thickness

Patch thickness is an important parameter in
transdermal patch preparations. The thickness of the
transdermal patches in the study varied from 0.1 to 0.25
mm. In line with the research (Suryani et al. 2019), the

variation of patch thickness is 0.15-0.21mm. The thickness
of the EECP patches in the current study met the criteria of
an ideal patch thickness, which are less than 1 mm,
flexible, compact, and not brittle (Singh and Bali 2016).
The thickness factor of the quadratic model design had
a significant value (p-value 0.0004<0.05), as shown in
Table 5. Significant thickness factors A, AB, and BC were
0.0405, 0.0120, and 0.0773, respectively. The relationship
between the thickness of the transdermal patch and factors
(x) based on the coefficient value is stated in equation (1).

y=0.14 - 1.27A + 0.60B - 1.07C + 4.42AB — 1.02AC +
2.09BC + 0.14A% - 2.09B2 + 2.21C? 1)

Patch thickness increased with the increasing
concentration of PVP and ethyl cellulose following the
value of p<0.0004, as shown by the 3D plot in Figure 3.
Ethyl cellulose acts as a polymer forming a thin, matrix-
forming film that coats the EECP and controls its release.

Patch weight

Based on the EECP patch weight evaluation, the
patches weighed between 78.4 to 82 mg. The variation in
weight was due to the different weights of formulas A, B,
and C. The increase in the number of polymers A and B
resulted in an increase in the weight of the patch matrix
formed. Polymer A (PVP) is hydrophilic, and its solubility
depends on its molecular weight. Low solubility increases
molecular weight. On the other hand, Polymer B (ethyl
cellulose) is hydrophobic, forming a thin film with a strong
barrier. To facilitate drug release, a combination of
hydrophobic and hydrophilic polymers with certain weights
and ratios should be used (Mukherjee et al. 2005).
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Table 3. Formulation Design and Responses of the EECP Transdermal Patches

Run Factor 1 Factor 2 Factor 3 Respone 1 Response 2 Response 3
A:PVP B: ethyl cellulose C:EECP Thickness Weight Moisture content
mg mg mg mm mg %
1 0.2 0.3 0.3 0.16 80.1 3.87
2 0.2 0.3 0.1 0.14 78.4 1.91
3 0.3 0.5 0.2 0.24 81 4.07
4 0.2 0.4 0.1 0.13 79.5 2.64
5 0.3 0.4 0.1 0.2 81 4.19
6 0.3 0.4 0.3 0.25 82 4.39
7 0.1 0.4 0.1 0.1 79 2.15
8 0.2 0.4 0.1 0.13 79.5 2.51
9 0.3 0.3 0.1 0.1 78.6 1.78
10 0.2 0.4 0.1 0.13 79.5 2.38
11 0.1 0.3 0.1 0.1 78.5 1.65
12 0.2 0.4 0.1 0.13 79.5 2.51
13 0.2 0.4 0.1 0.13 79.5 2.52
14 0.2 0.5 0.3 0.25 81 4.07
15 0.1 0.4 0.3 0.2 80.2 3.99
16 0.2 0.4 0.2 0.16 80 3.87
17 0.1 0.4 0.1 0.1 79 2.53

Table 4. Characterization of the EECP statistical transdermal patch design model

Response Source Std.Dev R-Square Adj R- Pred R- Adeq PRESS
square square precisior

Thickness Linear 0.0205 0.8776 0.8494 0.7581 17.0586 0.0108
2FI 0.0179 0.9282 0.8852 0.5583 13.8857 0.0198
Quadratic 0.0159 0.9607 0.9103 0.4095 13.0128 0.0265

Weight Linear 0.4419 0.8439 0.8079 0.6729 15.0797 5.32
2FI 0.4329 0.8848 0.8157 0.2005 12.081 13
Quadratic 0.2516 0.9728 0.9377 -1.8834 19.0194 46.9

Moisture content  Linear 0.4720 0.8042 0.7591 0.6239 12.5731 5.56
2FI 0.4245 0.8782 0.8051 0.5587 10.5740 6.53
Quadratic 0.4269 0.9138 0.8029 -5.3958 8.7053 94.61

Thickness Thickness
@ Design Points 0

Design Pounts
o1 Moz 3D Surface o ol 3D Surface

X1=APVP X1 APVP X1 = B Etil Selulosa
X2 = B: Etil Selulosa X2 = C: EECP X2 = C: EECP

3D Surface

Actual Factor
APVP =0

Actual Factor
B Etil Selulosa = 0

Actual Factor
CEECP=0

Thickness
Ao N &
This

3 e &

A

Figure 3. 3D plot of the relationship. A. PVP and ethyl cellulose and thickness. B. PVP, EECP, and thickness. C. Ethyl cellulose, EECP,
and thickness

The results of the ANOVA analysis of the quadratic  relationship between the weight of the transdermal patch
model of transdermal patch EECP weights are shown in  and factors (x) based on the coefficient value is stated in
Table 6. The model showed significant results where the p-  equation (2).
yalue was 0.0001. Significant weight values were a_Iso y =717 - 24.9A + 47.1B — 13.1C + 66.7 AB + 1.66AC
influenced by the values of factor A, B, AB, and B? which 354BC + 1552 69,382 + 54 3C2 @)
were 0.0176, 0.0068, 0.0152, and 0.0107, respectively. The ' ' ' '
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Table 5. ANOVA analysis for the quadratic model of EECP transdermal patch thickness

Source Sum of Squares df Mean Square F-value p-value Prob > F Characterization
Model 0.0431 9 0.0048 19.03 0.0004 significant
A-PVP 0.0016 1 0.0016 6.29 0.0405
B-Ethyl cellulose 0.0002 1 0.0002 0.6035 0.4627
C-EECP 0.0007 1 0.0007 2.65 0.1473
AB 0.0028 1 0.0028 11.33 0.0120
AC 0.0005 1 0.0005 2.00 0.2001
BC 0.0011 1 0.0011 4.28 0.0773
A2 7.665E-06 1 7.665E-06 0.0305 0.8663
B2 0.0007 1 0.0007 2.74 0.1417
cz? 0.0006 1 0.0006 2.24 0.1784
Residual 0.0018 7 0.0003
Lack of Fit 0.0018 2 0.0009
Pure Error 0.0000 5 0.0000
Cor Total 0.0448 16
Table 6. ANOVA Analysis for the EECP Transdermal Patch Weight of the Quadratic Model

Source Sum of squares  df Mean Square F-value p-value
Model 15.82 9 1.76 21.77 0.0001 significant
A-PVP 0.6041 1 0.6041 9.54 0.0176
B-Ethyl cellulose 0.9113 1 0.9113 14.39 0.0068
C-EECP 0.0993 1 0.0993 1.57 0.2506
AB 0.6459 1 0.6459 10.20 0.0152
AC 0.0013 1 0.0013 0.0210 0.8887
BC 0.0031 1 0.0031 0.0484 0.8321
A? 0.0945 1 0.0945 1.49 0.2613
B2 0.7527 1 0.7527 11.89 0.0107
cz? 0.3390 1 0.3390 5.36 0.0539
Residual 0.4431 7 0.0633
Lack of Fit 0.4431 2 0.2216
Pure Error 0.0000 5 0.0000
Cor Total 16.26 16
Weight Weight Weight
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Figure 4. 3D plot of the relationship. A. PVP and Ethylcellulose and weights. B. PVP and EECP and weights. C. Ethyl cellulose and

EECP and weights

The combination of hydrophobic polymer (ethyl
cellulose) and hydrophilic polymer (PVP) with different
concentrations resulted in weight variation. The weight of
the formulation was visible on the 3D plot in Figure 4.
From the image, it can be seen that PVP and ethyl cellulose
play an important role in determining the weight of a

transdermal patch. The higher the PVP, the higher the
patch weight.

Moisture content
The results of the moisture content analysis showed the
percentages of the minimum moisture content, ranging
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from 1.7% to 4.4%. This means the patches have stability
and are protected from microbial contamination. These
moisture content values continued to increase along with
the increasing levels of polyvinylpyrrolidone (PVP) in
Formula 3, Formula 5, and Formula 6. However, the
highest moisture content value was found in Formula 6,
accounting for 4.4%, because it had the highest amount of
PVP. This is due to the fact that PVP has hygroscopic
properties and is able to attract moisture from its
surrounding environment during the patch formulation
process. Another cause was the release of other volatile
materials from the formula, which were presumably
attracted by the desiccator containing silica gel, causing the
density of the air in the desiccator to become more tenuous
than the density of the outside air. The relationship between
the moisture content of the transdermal patch and factors
(x) based on the coefficient value is stated in equation (3).

y = 16.956 — 38.376A -29.8807B — 55.0799C + 168.006
AB - 36.578AC + 86.4921BC -44.8112A2 —22.6121B? +
66.5631C2 3)
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The values of moisture content patches varied among
formulas. PVP has an important role in increasing the
values of moisture content as shown in Figure 5, in which
an increase in PVP resulted in an increase in the moisture
content. The hygroscopic nature of PVP can attract water
vapor in the formula.

The results of the ANOVA analysis for quadratic
moisture content of EECP patch are shown in Table 7. The
model F-value of 8.29 implies the model is significant.
There is only a 0.54% chance that an F-value this large
could occur due to noise. P-values less than 0.0500 indicate
model terms are significant. In this case there are no
significant model terms. Values greater than 0.1000
indicate the model terms are not significant. Model
reduction may improve the model. The lack of fit F-value
of 27.42 implies the lack of fit is significant. There is only
a 0.20% chance that a lack of fit F-value this large could
occur due to noise.

Table 7. ANOVA Analysis for Quadratic Moisture content Transdermal Patch EECP Model

Source Sum of squares df Mean square F-value p-value

Model 13.52 9 1.50 8.24 0.0055 significant
A-PVP 0.2104 1 0.2104 1.15 0.3182
B-Ethyl cellulose 0.5544 1 0.5544 3.04 0.1246
C-EECP 0.4177 1 0.4177 2.29 0.1738
AB 0.2878 1 0.2878 1.58 0.2492
AC 0.3177 1 0.3177 1.74 0.2282
BC 0.1195 1 0.1195 0.6555 0.4448
A2 0.0856 1 0.0856 0.4698 0.5151
B2 0.3673 1 0.3673 2.02 0.1986
cz? 0.0191 1 0.0191 0.1048 0.7556
Residual 1.28 7 0.1822
Lack of Fit 1.17 2 0.5859 28.24 0.0019 significant
Pure Error 0.1037 5 0.0207
Cor Total 14.79 1

Moisture content Moisture content Moisture content
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Figure 5. 3D plot of the relationship. A. PVP and Ethyl cellulose and moisture content. B. PVP, EECP, and moisture content. C. Ethyl
cellulose, EECP and moisture content



2912

EECP from Lambhuk, Banda Aceh, Aceh Province,
Indonesia, contains several active compounds. Six of the
compounds have an area above 6%, namely n-
Hexadecanoic acid, phytol, methyl linolenate, linolenic
acid, oleoyl chloride, and carpaine. These compounds have
potential to be studied further in the future. EECP has an
active component that functions as an anti-inflammatory
and wound healer, which can be formulated as a
transdermal patch that is easy and flexible to use. Based on
the quadratic model in the Box-Behnken design, optimum
formulation was obtained, with 0.3 mg of PVP, 0.4 mg of
ethyl cellulose, and 0.3 mg of EECP. Meanwhile, the
response values were 0.25 mm for thickness, 82 mg for
weight, and 4.39% for moisture content. Therefore, EECP
patch have opportunities arising as agent of formal herbal
medicine product for wound healing.
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