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Optimization of Quercetin Gel Formulation using Factorial Design
Method and Antibacterial Test against Propionibacterium acnes
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Ilham Kuncahyo Quercetin is a flavonoid from a group of polyphenolic flavonoid
Ana Indrayati compounds. Quercetin can be used as an alternative to acne

treatnnt, predominantly triggered by Propionibacteriun acnes. This
study aimed to determine the effect and proportion of carbopol 940,
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Setia Budi, Surakarta, Central Java, gel, the ability of the optimum formula in an antibacterial test, and
Indonesia its diffusion using Franz diffusion. This study uses the factorial

design method for formula optimization. Optimization was carried
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including  viscosity, disnsibility, antibacterial, and Franz
diffusion. The combination of carbopol 940, glycerin, and propylene
glycol affected the physical quality test of quercetin gel, carbopol
and glycerin significantly affected viscosity. In contrast, glycerin
and propylene glycol significantly dfffected Franz's dispersion,
antibacterial, and diffusion properties. The optimum proportion of
the combination of carbopol 940,ocr‘m, and propylene glycol in
the manufacture of quercetin gel using the factorial design method
obtained a concentration of carbopol 940 of 0.5%, glycerin of 15%,
and propylene glycol of 10%. The optimum formula ability in the
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INTRODUCTION

Acne or acne vulgaris is an infection or inflammation that occurs in areas of the body that produce much oil, such as facial
skin. The activation of excess oil causes acne, causing clogged pores or oil gland ducts on the facial skin and hair
(pilosebaceous tract)!. A bacterial infection can also cause acne. The most dominant bacteria that can trigger the formation
of acne is Propionibacterium acnes’ggcne treatment requires another alternative: natural compounds, such as quercetin.
Quercetin is one of the flavonoids from a group of polyphenolic flavonoid compounds; quercetin is generally obtained as
aglycones from several flavonoid glycosides®. Quercetin has a mechanism of action as an antibacterial that causes acne by
inhibiting protein synthesis in bacteria and inhibiting the production of toxin metabolites in bacteria. Based on the
mechanism of action of quercetin, it can be used as an antibacterial treatment to facilitate its use and other considerations so
mt quercetin is prepared in advance.

Quercetin is a hydrophobic compound dlassified in the Biopharmaceutical Classification System (BCS) II, which means that
quercetin has high permeability but low solubilitys. The problem with quercetin in oral administration is that it has low
bioavailability in the body, where its absorption is limited, its elimination is rapid, and it is extensively metabolizeds.
Problems that occur in quercetin gel preparations, the study's results” found that the largest inhibition zone was found in
formula 1 with aconcentration value of 0.05% w/w. In comparison, the minor inhibition zone was found in formula 3 with
the highest concentration of 0.50% w/w; the higher the concentration, the greater the minimum inhibition zone obtained.
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However, the results obtained in this study were contrary; the greater the concentration used, the smaller the minimum

inhibition zone. This is because the phenol (-OH) group of quercetin will bind to HPMC to replace the -OH group of distilled
water, resulting in decreased antibacterial inhibition?, So this study was further developed by using different gelling agents
and different bacteria and optimizing the quercetin gel formula to obtain the optimum formula, which is expected to give
better results. This study makes quercetin in gel preparations because it is to help treat acne by determining the optimum
formula so that the quercetin gel preparation will be even more optimal in the composition of the formula concentration
and antibacterial activity.

Transdermal dosage forms, one of which is a gel preparation. The gel is one of the dominant drug preparations used by the
public?. Good pharmaceutical preparation mustmeet safety parameters butalsohave an optimum composition. A balanced
composition between gelling agent and humectant will improve gel stability so that the gel can mmhe parameters of
pharmaceutical preparations that are good, effective, acceptable, and safe to usel?. This study used carbopol as a gelling
agent, propylene glycol, and glycerin as a humectant. The combination of humectants between propylene glycol and
glycerin will maintain the stability of the preparationtl.

Testing the anbbacla’al activity of quercetin gel preparations uses the well diffusion method. The advantage of the well
diffusion method is thatitis easier to measure the area of the inhibition zone formed because the isolates are active not only
on the top surface of the nutrient agar but also down to the bottom!2. The well diffusion method is selected because it can
accommodate a higher sample concentration than the disc method so that it diffuses faster in the media, which causes the
inhibitory effect of bacteria to become stronger'®. Based on this, it is known that quercetin compounds have problems in
their bicavailability when made in xa.[ preparations. Therefore, researchers are interested in making quercetin compounds
in gel preparations, optimizing the mrcef:in gel formula using factorial design methods, and testing antibacterial activity
against P. acnes mtena To obtain the optimum formula from the results of the physical quality test of the quercetin gel
preparation and the antibacterial activity test using the well diffusion method.

MATERIALS AND METHODS

Tools and materials

The tools used in this study were analytical balance (AD-600i), micropipette, slide, microscope, hot plate (THERMO
Scientific), centrifuge (HC6 Centrifuge), UV-Vis Spectrophotometry (T60), pH meter Atc, 30 viscomm NDJ-5S, incubator
(ESCO Isotherm), autoclave, Laminar Air Flow (LAF), weights, and Franz cell diffusion (FDC-2C). The materials used in
this study were quercetin, Carbopol 940, glycerin, propylene glycol, nipagin, nipasol, TEA, aqua PA, doxycycline antibiotics
30 m/ disc, Nutrient Agar media, P. acnes ATCC 11827 bacteria, Mueller-Hinton A gar media, hydrogen peroxide, rabbit
plasma, crystal violet, Lugpol's, alcohol acetone, ethanol 96%, safranin, and phosphate buffer pH7 4.

Sterilization of tools and materials
Equipment and materials used in the test weresterilized first. Tgsls such as test tubes, stirring rods, Erflenmeyer, Petri dishes,

or test materials such as NA and MHA media aquadest were sterilized using an autoclave at 121°C for 15 minutes. Tools
such as wire loops were sterilized by heating overa flame.

Media preparation
The manufacture of MHA media started by weighing 2.66 g of MHA and dissolved into an Erlenmeyer flask with distilled
water until it reached a volume ml, then heated until homogeneous. The media was sterilized using an autoclave at

121°C for 15 minutes. The media was poured into a petri dish of 35 mLand allowed to solidify?=.

Bacterial suspension preparation

The suspension of the P. acnies ATCC 11827 test colonies obta.hB:l from the hospital and laboratory equipment chemical
scientific supply-General Trade, North Jakarta, was rejuvenated by taking ane dose of the colony from solid NA media into
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a test tube containing 5 mL of physiological NaCl. The turbidity of the test colony suspension was standardized to the 0.5
McFarland standard (approximately 15 x 108 CFU/mL). The suspension should be used as the inoculum within 15

minutes’,

ﬁ'epamﬁon of quercetin gel

The composition of the quercetin gel is presented in Table L First, the weighing was carried out according to the formula,
then grinding was carried out on the powder material taken. Carbopol swelling was carried out using distilled water at
3742°C with constant grinding (mixture 1). Quercetin was dispersed into propylene glycol and then mixed until
homogeneous (mixture 2). Nipagin and nipasol were dispersed into glycerin and mixed until homogeneous (mixture 3).
Mixtures 2 and 3 were mixed and stirred using a stirrer (mixture 4). mixture 4 was added little by little into Mixture 1 until
homogeneous by grinding. Distilled water was added until 100 mL. TEA was added drop by drop while grinding slowly
until a homogeneous gel with good consistency was formed. The quercetin gel was evaluated, including organoleptic
examination, homogeneity, viscosity, spreadability, pH, antibacterial, and Franz diffusion test?.

1

Table L Composition of Carbopol 940, glycerin and propylene glycol

Composition (%)

Formula Carbopol 940 Glycerin Propylene glycol
1 0,5 15 5
2 2 5 >
3 2 5 10
4 0,5 15 10
5 0,5 5 5
6 2 15 10
7 0,5 5 10
8 2 15 5

Physical quality check of quercetin gel
22

Organoleptic and homogeneity test

An organoleptic test was carried out by observing the quercetin gel preparation, including color, odor, and shape. The
homogeneity test was carried out using a certaj ount of preparations smeared on glass pieces. Observations were made
on the preparations: the preparations had to show a homogeneous arrangement, and no coarse grains were seer; the
homogeneity test was repeated three times16,

Viscosity t

A viscosity test was carried out bydcling 15 g of gel to the container. The test was carried out using a Viscometer NDJ-55
withrpm30and spindle No 4. The viscosity results were observed. The procedure was repeated three times. Good viscosity

ranged between 3,000-50,000 cPsv.
Spreadability test

The spreadability / dispersion test was carried out after 24 hours of manufacture. This test is carried out by taking 05 g of the
gel preparation and placing it in the middle of a round glass that hasbeen givwca]e. Then covered with glass as the initial
load and allowed to stand for a minute. A fter a minute of adding a load of 50 g, the diameter of the dispersion was measured.
The load was then added 50 g and allowed to stand again for a minute, and the exact measurements were carried out as
before for each addition of 50 g of load to 250 g, repeated three times'®.

pH test

The pH test was carried out usnm pH meter by dissolving 1 g of the gel preparation in 10 mL of aquadest. The pH meter
be&m.lse was calibrated using acetate buffer pH 4.0 and phosphate buffer pH 7.0. The calibrated pH metn was ready for
use by dipping it into the gel. The pH value on the device was recorded, and repetitions were performed three times. The
PH value of the gel preparation must be in the range of a neutral pH or suitable for the skin, between 4.5-6.5.
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Antibacterial test

A suspension of 100 L of P. acnies bacteria was inoculated into six Petri dishes containing MHA media, then leveled on the
media using L rods. Wells were made using a cork borer. 70 mg of gel was nserted into the wells that had been made; the
holes were in the media with a diameter of 6 mm, and the size of the petri dish was 11 cm. One petri dish consisted of four
wells for four fmmua of the quercetin gel preparation; a total of six Petri dishes and two Petri dishes for positive control
and negative control were then incubated for 24 hours at 37°C. The clear inhibition zone around the well was observed and
measured using a caliper. The procedure was repeated three times?.

eﬁmnination of the optimum formula for quercetin gel

The opbmugnnnula was determined after testing the gel preparation's physical quality: vimity, dispersibility,
antibacterial, and in vifro penetration tests usinngalmiffusim cells. The results of the physical quality of the gel preparation
were then processed using expert design software using the factorial design method. The optimum formula selected was
expected to have a desirability value close to 1. The optimum formula for the resulting quercetin gel was expected to have a
suitable viscosity value of 3,000-50,000 cPs. The spreadability of a good gel preparation was 5-7 cm. The antibacterial value
in the strong category was in the range of values of 11-20 mm. In vifro penefration of Franz diffusion results reaches 40-90%2.,

RESULTS AND DISCUSSION

Organoleptic test

Organoleptic aservaﬁons were seen from the gel preparation's shape, color, and odor, and the results obtained were
recorded. The organoleptic ru.lfs of eight quercetin gel formulas can be seen in Figure 1 and Table IL Purpose organoleptic
examination was carried out to determine the physical properties of the gel-based on the results of direct visual Dbsera'on.
Research conducted by Irianto ef al. 2 related to organoleptic tests also observed the gel preparations made, including the gel
preparation’s shape, color, and odor. This test needs to be done because it relates to the convenience of use as a topical
preparation. Observation of the homogeneity of the eight quercetin gel tions gave good results, which looked
homogeneous. Purgiyanti and Pratiwi® also reported that the gel homogeneity test was carried out to determine the mixing
of each component in the gel manufacture.

Figure 1. Quercetin gel preparation

PH test

The pH test in this study aims to determine whether the gel produced is acceptable for skin pH because it can cause skin
irritation if not in a;:cmtlamaiﬂ'l skin pH. The results of the pH test for quercetin gel preparations can be seenin Table IIL
According to Gozali ef a2, the skin's pH balance ranges from 4.5 to 6.5 because if the pH value is less than 4 and more than
7,1itis feared that it can imritate the skin. In normal skin with balanced sebum secretion, the pH of facial skin is at 5.5.
Meanwhile, oily skin tends to be more acidic, resulting in a lower pH, often owned by people with acne-prone and easily
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irritated skin. The results of the pH test in this study were by the requirements if used on normal skin or acne-prone skin
because the pH range obtained was still in the pH range of 45-6511,

Table IL  Organoleptic examination of quercetin gel
Formula Shape Color 35
1 Soft thick Yellow Typical
2 Soft thick Yellow Typical
3 Soft thick Yellow Typical
4 Soft thick Yellow Typical
5 Soft thick Yellow Typical
[} Soft thick Yellow Typical
7 Soft thick Yellow Typical
8 Soft thick Yellow Typical

Table Ill. pH examination of quercetin gel

Formula pHiSD
56405
554020
58+005
56410
56415
57415
56H15
56410

L= B = B

Antibacterial tes

The quercetin gel antibacterial activity test was carried out using the well diffusion method. The pitting method was chosen
because this method can accommodate a higher gel concentration than the disc method. So that it diffuses more qujar in
the media, which causes the inhibitory effect of bacteria to be stronger. The antibacterial activity test of quercetin gel can be
seen in Table IV. The components that influence the antibacterial activity in this study are glycerin and propylene glycol.
Clycerin has a preservative for antimicrobials if used in concentrations <20%; therefore, glycerin influences the results of
antibacterial tests. Glycerin can also increase the active substance's permeability toincrease the gel preparation's antibacterial
inhibition®. According to Anastasia ef al.%, the addition of glycerin in the formula affects the activity of the inhibitory zone
of the active substance, which can be seen from the comparison of the diameter of the inhibition zone ineach formula. Zhang,
et al.” also stated that propylene glycol facilitates mixing between quercetin and gel base, so the higher the propylene glycol
concentration is used, the antibacterial activity will increase. Propylene glycol has lipophilic properties, so it will help
quercetin to penetrate the cell wall of bacteria. Propylene glycol has a synergistic effect helping the penetration of the active
substance and works as an antimicrobial component.

Table IV. Antibacterial activity of quercetin gel

Formula Inhibition zonexSD (mm) Antibacterial activity category
1 18.88+0.06 Strong
2 15.47+0.44 Strong
3 15.7940.72 Strong
4 18.68+0.05 Strong
5 17.39:0.02 Strong
] 16.62+0.02 Strong
7 17.6620.02 Strong
8 16.4240.27 Strong

Determination of the optimum formula for quercetin gel

Propionibacterium acnes grow optimally ata pH of 6-7%; the preparations obtained a pH of around 5. This causes the bacteria
not to grow optimally because the pH is too acidic. This condition can increase the inhibitory power of the gel preparation,
which is made more significant. In general, gel viscosity influences the inhibition of bacteria. This is because the high
viscosity will inhibit the release of the active substance quercetin®. However, in this study, the large viscosity did not affect
the release of quercetin because it was assisted by propylene glycol and glycerin. On the contrary, it would increase the
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contact time of the gel with the skin, thereby increasing the antibacterial inhibition. The calculation results of the factorial
design response to the value of viscosity, dispersion, antibacterial, and diffusion Franz can beseenin Table V. The equations
presented arranged based on the factorial design chart for the response values of viscosity, spreadability, antibacterial, and
Franz diffusion. Based on these data, it can be observed that the value of each parameter obtained varies with each formula.
There are differences in these values. It was caused by Carbopol 940, glycerin, and propylene glycol levels.

Table V. Calculation of the factorial design response

Response Factorial design equation
Viscosity Y= +2191.50 (A) +0.6100 (B)- 66.480 (C)
Spreadability Y= -0.3500 (A) +0.0175 (B)+0.04500 (C)
Antibacterial ¥=-1.385 (A) +0.107 (B) +0,029 (C)
Franz diffusion Y=-15.17 (A) +0.880 (B)+1.549 (C)

In the equation generated from the viscosity response, it is known that the most influential factors in changing the viscosity
value are Carbopol 940 and glycerin. The interaction between Carbopol 940 and glycerin components in each formula has
a significant effect. The mechanism of gel formation by Carbopol 940 is by binding the solvent to the structure of the carbopal
polymer so that crosslinks occur in the polymer, causing water to be trapped in it. When carbopol comes into contact with
the water environment, anionic polyelectrolytes are formed, which then form a hydrogel structure®. When TEA is added,
thenegative charge repulsion along the polymer chain will increase, and the osmotic pressure inside the expanding polymer
causes the formation of a three-dimensional structure. In other words, carbopol macromolecules combine to form flocks in
solution. Increasing the polymer concentration in the aqueous environment will increase crosslinked polymer chains after
adding the base agent. The higher the polymer concentration in the aqueous environment, the resulting gel network is
denser and more compact so that the viscosity will increase®. According to the results obtained, glycerin affects viscosity.
The mechanism of glycerin in increasing viscosity is by increasing the surface tension of the gel2.
In the equation generated from the spreadability response, it is known that glycerin and propylene glycol are the most
influential factors in changing the dispersion value. The interaction between the two components of glycerin and propylene
glycol in each formula has a significant effect. The positive value of the equation is found in the components of glycerin and
propylene glycol, which indicates that these two components affect the spreadability of the quercetin gel preparation. Semi-
solid preparations will experience an increase in the number of dissolved particles caused by glycerin and propylene glycol.
This will increase the interaction of the particles so that the movement of molecules in the preparation increases the spread
of the gel®. If preparation has a high spreadability, the active substance will be evenly distributed and more effective in
producing a therapeutic effect™.
In the equation generated from the Franz diffusion response, it is known that glycerin and propylene glycol are the most
influential factors in changing the dispersion value. Based on this equation, the value of the glycerin and propylene glycol
components showed positive results, which indicated that the two components affected the percent penetration value of
quercetin. Glycerin and propylene glycol cause dehydration of the skin membrane. This will increase the active substance's
permeability from formulations with a water base®.
The Desigr-Expert version 13 program will select a formula with the highest desirability so that the selected optimum
formula will produce the desired physical pmpe“'es of the gel. A good desirability value is close to 1. The Superimposed
quercetin gel contour plot preparation is shown in Figure 2. Based on the contour plot in the figure, the optimum point is
ined, which is marked by a box labeled prediction accompanied by a given wrabi]ity value of 0.928.
The results of the physical properties test of the optimum quercetin gel formula were compared with the predicted values
obtained from the Design-Expert program by statistical analysis using a one-sample t-test The calculation is intended to
determine the difference between the experimental value of the optimum gel formula and the predicted results from the
program. These results indicate that the resulting fornula has physical properties that match the predictions. All parameters
of physical properties have a significance value greater than 0.05, so it can be concluded that the comparison of program
prediction data with experimental values of the optimum quercetin gel formula is not significantly different. The optimum
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formula composition obtained from the factorial design software shows that the pmpmﬁcmwf the optimum formula
concentration is carbopol 940 0.5%, glycerin 15%, and propylene glycol 10%. A comparison of the predicted value with the
experimental value of the optimum formula can be seen in Table VL

Factor Coding: Actual

- Overay Plot
Overlay Plot Viskoutas 113285
Viskositas Dyl e, §225
At 187425
Daya Sebar m!..w‘::‘: i
Antibakteri X1 05
Ditusi Franz e
@ Design Points
Xl=a
x2=C 3 i
Actual Factor ';
B=15 B
2
e~
(%] 3
" =
H T T T T
o5 o 1" 14 i
A Karbopel (340)

Figure 2. Superimposed quercetin gel contour plot. (Translation notes: Viskosifns: viscosity; Daya sebar: spreadability; Antibakteri:

antibacterial; Difusi Franz: Franz diffusion)

Table VI. Comparison of the predicted value with the experimental value of the optimum formula

Physical quality Predictive value Trial value Sig.
Viscosity (cPs) 11,328 14,980 0.088*
Dispersibility (cm) 6.02 720 0.057*
Antibacterial/ inhibition zone (mm) 18.76 22.20 0.053*
Franz diffusion (%) 83.37 97.91 0.051*

* Notsignificantly different

A one-sample t-test with a 95% confidence level was used to oggpare the predicted and experimental values. In the viscosity
response, a value of >0.05 was obtained, so it was concluded that there was no significant diﬁfeglce between the predicted
and experimental values. In the dispersion response, a value of >0.05 was obtained, concluding that there was no significant
difference I:Bwem the predicted and experimental values. In the antibacterial response, a value of >0.05 was obtained,
concluding that there was no significant difference be the predicted and experimental values. In the Franz diffusion
response, a value of >0.05 was obtained, concluding that there was no significant difference between the predicted and
experimental values. It can be concluded that the results of the overall one sample t-test between the Franz diffusion
predictions and the experimental values are not significantly different, indicating that the experimental values are close to
the software predictions because the sign values of all tests are >(0.05.

CONCLUSION

The factorial design equations obtained from the response to the viscosity, dispersibility, antibacterial, and Franz diffusion
tests can be concluded that the combination of carbopol 940, glycerin, and propylene glycol has a significant effect. The
optimum formula composition from the predicted factorial design is carbopol 940 of 0.5%, glycerin 15%, and propylene
glycol 10%. Moreover, the optimum formula ability of quercetin gel against antibacterial test has an inhibition zone value of
2220 mm and penetration of the active substance quercetin with a cumulative percentage of penetrated quercetin in the gel
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preparation of 97.91%. C(nparism of the results of the predicted value and the experimental value of the physical quality
test of the quercetin gel, it can be concluded that the overall results of the test using the one-sample t-test between the
predicted value and the experimental value were not significantly different, because the sign values of all tests were >0.05.
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