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INTRODUCTION 

Acne is an abnormal skin condition in which clogged pores 

lead to infection, resulting in inflamed pockets of pus. It is 

characterized by the appearance of spots on certain parts 

of the body, such as the face, neck, back, and chest.1 Many 

factors, including genetics, age, cosmetics, hormones, 

food, stress, and bacteria, cause acne. Propionibacterium 

acnes are bacteria that cause acne blackhead formation.2  

Acne is a skin health problem that affects adolescents and 

adults, with a prevalence of 80%.3 Inflammation in acne 

can be triggered by pathogenic bacteria that can enter the 

host body in several ways, one of which is through open 

skin areas such as wounds, hair follicles, and sweat gland 

pockets.4 P. acnes bacteria can cause infection in acne.5 

Acne has been treated with oral and topical preparations 

such as antibiotics and retinoids for many years. However, 

antibiotic resistance, retinoid side effects, and drug 
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ABSTRACT 

Background: Ethanol extract of Tekelan leaves can inhibit the growth of Propionibacterium acnes bacteria. The 

nanogel preparation can penetrate the deepest layer of the stratum corneum. Utilization of Tekelan leaves in the form 

of nanogels that have better absorption capabilities with minimal side effects due to the use of natural ingredients is 

essential to be carried out as an alternative to anti-acne drugs. 

Methods: This study was conducted experimentally, including the preparation of ethanol extract of Tekelan leaves and 

formulation in nanogel preparations, which were then tested for antibacterial activity. The concentration of ethanol 

extract of Tekelan leaves in nanogel preparations were 2.5%, 5%, and 7.5%. 

Results: The organoleptic of nanogel containing ethanol extract of Tekelan leaves showed that the color was brown 

and had a distinctive odor, the preparation was homogen, viscosity was still in the required range, pH was still in the 

required range, 4.5-6.5. The size was below 200 nm, and the cycling test showed that they were stable during storage 

for six cycles. The nanogel preparations with concentrations of 2.5%, 5%, and 7.5% had diameter inhibitions of 7.93 

mm, 9.10 mm, and 10.23 mm, respectively.  

Conclusions: Based on the study's results, it can be concluded that the nanogel preparation of ethanol extract of tekelan 

leaves is stable during 12 weeks of storage and has a particle size below 200 nm. The antibacterial test results of nanogel 

preparations of ethanol extract of tekelan leaves at a concentration of 7.5% have the maximum activity. 
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allergies are also increasing in dermatology treatment. To 

solve these problems, alternative treatments from 

medicinal plants have been widely studied to treat various 

diseases.2  The use of traditional medicine is generally 

considered safer than the use of modern medicine. This is 

because traditional medicine has relatively fewer side 

effects than modern medicine.6  

One of the herbal plants used to treat acne is Tekelan 

leaves. Tekelan is one type of plant from the Asteraceae 

family. Tekelan leaves contain several main compounds, 

such as tannins, flavonoids, saponins, alkaloids, and 

steroids.7  Based on research by Hanphakphoom tekelan 

leaf extract has antibacterial activity against bacteria that 

cause infections on human skin. Based on Yuliani's 

research  C. odorata is effective for healing incision 

wounds in Sprague dawley rats.8,9 

Vijayaraghavan et al stated that the content of 

phytochemical compounds in C. Odorata L., including 

flavonoids including quercetin, sinersetin, sakuranetin, 

padmatin, kaemferol, salvagenin, and phenolic acids.10 

Researcher Nurwahidah stated that based on the results of 

isolation on the leaves of C. Odorata L., quercetin is one 

of the flavonoids. Odorata L. quercetin is the most 

abundant compound found in tekelan leaves.11 Quercetin 

and its glycosides are in the amount of about 60-75% of 

flavonoids. Based on Rahmi's research the quercetin 

compound found in tekelan leaves has very strong 

antioxidant properties, namely 31.145 mcg/ml.12 

Quercetin is part of flavonoid compounds that act as 

antioxidants because it has a molecular structure 

containing phenolic hydroxy groups. Quercetin can also 

act as an enzyme inhibitor useful in forming free radical 

compounds such as xanthine oxidase, lipooxygenase, 

protein kinase-C and cyclooxygenase.12  

One of the disadvantages of quercetin compounds in 

Tekelan leaf extract is its low water solubility and high 

permeability because it is included in the class 2 category 

based on the biopharmaceutical classification system 

(BCS).13  In addition, the penetration properties of 

quercetin compounds are low, which makes it difficult to 

penetrate the stratum corneum layer, which consists of 

keratin and intracellular lipid layer.14 To overcome the 

problem of quercetin present in Tekelan leaf extract, a new 

formula was made in the form of nanogels. 

Cosmetic products using nanotechnology aim to create 

structures that can release poorly water-soluble 

ingredients. This will allow the release to be gradual, safe, 

and localized and improve skin penetration.15 Nanogel 

formulas are designed to have good physical stability and 

use a gel base with a composition that can moisturize and 

increase safety.16 Nanogel preparations can also increase 

the contact surface area so that bioactive delivery becomes 

faster and easier. The smaller particle size is expected to 

increase the contact area of particles with the membrane 

and make it easier for particles to penetrate the 

membrane.17 Nanogels consist of various natural, synthetic 

polymers or combinations that encapsulate small 

molecular particles, oligonucleotides, and proteins. Three-

dimensionally cross-linking polymer chains make 

nanogels with hydrophilic or amphiphilic macromolecules 

that are ionic or nonionic.18 

Nanogels have better stability, exhibit lower critical 

micelle concentrations, slower dissociation rates, and 

longer retention of the loaded drug, and these delivery 

systems usually do not produce immunological responses. 

Nanogels can load hydrophilic, hydrophobic, and soluble 

drug types.19 Nanogel formulations show an increase in the 

amount of drug accumulated on the epidermis up to 5 times 

compared to regular gel formulations. Thus, nanogels 

provide higher efficacy than gels, with drug distribution on 

a larger surface area due to the smaller particle size of nano 

size.20   

Topical nanogels are very suitable for drug delivery 

systems as they are non-greasy, and easier to wash off the 

skin than ointments and creams. Instead of aiming for the 

drug to immediately redeem the skin surface, nanoparticles 

are equipped with a protective barrier from all exogenous 

factors such as viruses, allergens, dust, and bacteria, all of 

which are nano-sized.21 Utilizing drugs in the form of 

nanoparticles to improve skin permeability is not based on 

nano-size but on other physicochemical properties of the 

drug, such as improved solubility, dissolution, charge 

protection, and enhanced contact for better absorption.20  

Based on the description above, we interested in 

developing the use of Tekelan leaves to treat acne 

formulated into nanogel preparations, then tested the 

preparation's stability and antibacterial activity. 

METHODS 

Materials  

The materials used in this study were Tekelan leaves, 

bacteria: P. acnes, distilled water, DMSO (Dimethyl 

sulfoxide), 96% ethanol (Emprove), carbopol 940 (Nipest 

40), rabbit skin membrane, triethanolamine (Merck), 

tween 80 (Merck), propylene glycol (Dow), 

methylparaben (PT. Brataco, Medan), propylparaben (PT. 

Brataco, Medan), nutrient agar (NA), and nutrafor. 

Nanogel formulation  

The nanogel preparation formulation consisted of Tekelan 

leaf ethanol extract (2.5%; 5% and 7.5%), 70% ethanol, 

propylene glycol, tween 80, carbopol 940, methyl paraben, 

propyl paraben, triethanolamine, and distilled water. The 

ethanol extract of Tekelan leaves was used as an 

antibacterial ingredient against acne-causing bacteria. 

Tween 80 was a dispersing agent, stabilizer, and 

surfactant, propylene glycol served as a humectant, the gel 

base used is carbopol 940, methyl paraben and 

propylparaben as preservatives, triethanolamine was used 

to neutralize the carboxylic group of the polymer and 
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ionize, where electrostatic repulsion occurs between 

negatively charged particles to increase the development 

and thickening properties of the polymer (rigid). Nanogels 

were prepared using the polymer dispersion method. The 

ethanol extract of Tekelan leaves was weighed with 

various weight variations. Before formulation, carbopol 

was first developed in a mortar for 24 hours. The ethanol 

extract of Tekelan leaves weighed according to the 

concentration was stirred constantly with a magnetic 

stirrer at 1000 rpm for 15 minutes. Propylene glycol was 

added gradually, then stirred constantly with a magnetic 

stirrer at 1000 rpm for 1 hour (organic phase). Tween 80 

was dissolved in distilled water in a different container and 

stirred constantly with a magnetic stirrer at 1000 rpm for 1 

hour (water phase). The organic phase was added to the 

water phase by dripping little by little while stirring 

constantly with a magnetic stirrer at 2500 rpm for 2 hours. 

Then, the mixture was sonicated for 1 hour until 

nanodispersion was formed. Carbopol that has been 

developed was added to a mixture of methyl parabens and 

propyl parabens, which have dissolved and crushed until 

homogeneous. The carbopol and preservative mixture was 

transferred to a beaker glass container, stirred until 

homogeneous at 2500 rpm, and allowed to stand for 2 

hours. Then TEA was added as much as 2 drops to form a 

gel base. The nanodispersion was added to the gel base and 

the remaining TEA while stirring constantly with a 

homogenizer at 1000 rpm for 30 minutes. After 

homogenization, sonication was carried out for 1 hour to 

form nanogels. pH and particle size measurements were 

taken.22 

Table 1: Tekelan leaf ethanol extract nanogel formula. 

Materials NF 1 NF 2 NF 3 

Leaf ethanol extract 

Tekelan (%) 
2.5 5 7.5 

Carbopol (g) 0.5 0.5 0.5 

Tween 80 (ml) 3 3 3 

Propylenglycol (ml) 4 4 4 

Ethanol (ml) 10 10 10 

Methyl paraben (g) 0.2 0.2 0.2 

Propyl paraben (g) 0.02 0.02 0.02 

TEA (ml) 0.3 0.3 0.3 

Aquadest (ml) 
Ad. 

To100 

Ad. 

To100 

Ad. 

To100 
*NF: Nanogel formula 

Evaluation of nanogels  

Organoleptic test 

Organoleptic examination in the form of shape, odor, and 

color was carried out visually from the nanogel preparation 

made.23 

Homogeneity test 

The homogeneity test was carried out by taking 0.25 grams 

of gel preparation, placing it on a glass plate, and covering 

it with another glass plate. The glass plate was pressed and 

rubbed to see and feel whether the preparation was flat or 

not.24 

Viscosity measurement  

Viscosity measurement was carried out with an NDJ-8S 

viscometer. The nanogel preparation was put into a 100 ml 

beaker glass and placed in a customized container. The 

spindle used for viscosity measurement was spindle 4, and 

the speed was set at 60 rpm because it was adjusted to the 

nanogel preparation. The viscometer was run, and the 

viscosity of the nanogel was observed and recorded. 

Measurement of the pH of the preparation  

The pH of the preparation was determined using a pH 

meter. The tool was first calibrated using a neutral pH (pH 

7.01) and acidic pH (pH 4.01) dapar solution until the tool 

showed the pH price. Then, the electrode was washed with 

distilled water and dried with tissue. The pH test was 

carried out by weighing 1 gram of the preparation and then 

diluted with 10 ml of distilled water. Then, the calibrated 

pH stick was dipped for 1 minute. The pH value read on 

the device was recorded and repeated three times.24 

Determination of particle size  

Particle measurement was carried out with a Fritsch 

particle size analyzer (PSA). The particle measurement 

process was carried out by inserting the preparations into 

the tool until detected. Testing was carried out four times, 

namely after making the preparation, week 4, week 8, and 

week 12. 

Physical stability study of nanogels 

The cycling test method was carried out by storing the 

preparation at two different temperatures in 6 cycles. The 

nanogel preparation was put into a closed container. Then, 

the sample was stored in a refrigerator at 4ºC for 24 hours 

and then transferred to an oven with a temperature of 

45º±2ºC for 24 hours. This treatment was one cycle, and 

the treatment was repeated for six cycles. After that, the 

organoleptic condition of the preparation (shape, color, 

odor, and phase separation) was observed. The physical 

condition of the preparation was compared before and after 

the cycling test. 

Antibacterial activity testing of Tekelan leaf ethanol 

extract nanogel  

Antibacterial activity testing was carried out on Tekelan 

leaf ethanol extract nanogel with various concentrations 

and compared with the existing preparation on the market 

(Nutrafor acne gel). This test was conducted using the agar 

diffusion method. A total of 0.1 mL of inoculum was put 

into a sterile Petri dish, after which 15 mL of Nutrient Agar 

(NA) media was poured at a temperature of 45-50 ℃. The 

cup was shaken on the table surface so that the media and 
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bacterial suspension were evenly mixed and solidified. 

Each petri dish is placed on a paper plate dripped with a 

nanogel test solution of ethanol extract of Tekelan leaves. 

Then, it was incubated at 36-37°C for 24 hours, and the 

diameter of the inhibition zone was measured with a 

caliper expressed in millimeters. The test was conducted 

with 3 repetitions.25 

RESULTS  

The results of nanogel formulations were blackish brown, 

slightly viscous, and had a distinctive aroma (Figure 1). 

 

Figure 1: Nanogel formulation. 

Evaluation of nanogels  

Organoleptic test  

Organoleptic examination results were performed on all 

dosage formulas and evaluated immediately after 

completion. Organoleptic tests were observed visually on 

all formulas, including color, odor, and shape. 

Organoleptic results can be seen in Table 2. 

Table 2: Nanogel formulation results. 

Formula Color Shape Odor 

NF 1 Brown Transparent Typical 

NF 2 Dark brown Transparent Typical 

NF 3 
Blackish 

brown 
Transparent Typical 

*NF: Nanogel formulation 

The organoleptic results of nanogel concentrations of 

2.5%, 5%, and 7.5% were brown, dark brown, and blackish 

brown, respectively, had a distinctive aroma of tekelan 

leaves, and were transparent.  

Homogeneity test 

The purpose of homogeneity was to determine the 

homogeneity aspect of nanogels. The results of the 

homogeneity test can be seen in Table 3. 

Table 3: Nanogel homogeneity check results. 

Formula Homogeneity 

NF 1 Homogen 

NF 2 Homogen 

NF 3 Homogen 
*NF: Nanogel formulation 

Viscosity measurement  

Viscosity measurement aims to determine preparation's 

viscosity so it can flow. Viscosity measurement using 

Brookfield NDJ-85 (Table 4). 

Table 4: Nanogel viscosity measurement results. 

Formula Viscosity (mPa.s) 

NF 1 3891.33±1.52 

NF 2 4342.66±0.57 

NF 3 4565.33±2.08 
*NF: Nanogel formulation 

The viscosity value expresses the amount of resistance a 

liquid has to flow. The higher the viscosity value, the 

greater the resistance to flow. Carbopol is one type of 

gelling agent that provides excellent stability when in a 

neutral pH atmosphere, resulting in the preparation's 

viscosity not shifting and remaining stable. 

pH measurement 

The pH measurement was carried out to determine the pH 

of the nanogel preparation by the skin, because the 

preparation will be in direct contact with the skin and 

affect the skin condition (Table 5). 

Table 5: Results of pH measurement for nanogels. 

Formula pH 

NF 1 4.80±0.01 

NF 2 4.70±0.01 

NF 3 4.60±0.01 
*NF: Nanogel formulation 

From the above results, it can be seen that during storage, 

all nanogel preparations of ethanol extract of Tekelan 

leaves stored at room temperature for 12 weeks showed a 

slight decrease in pH so that the pH value produced still 

meets the pH requirements of the skin, namely pH values 

in the interval 4.5-6.5. 

Particle size measurement  

Particle size measurements were carried out at the 

nanomedicine laboratory, faculty of pharmacy, universitas 

Sumatera Utara using the FRITSCH analysette 22 

NanoTes PSA at room temperature. The average results of 

nanogel particle size measurements and the graph of 

changes in nanogel particle size influenced by the length 

of storage can be seen in Table 6. 
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Table 6: Nanogel particle size results. 

Formula Particle size (nm) 

NF 1 164.36±0.40 

NF 2 171.18±0.79 

NF 3 180.49±0.13 
*NF: Nanogel formulation 

Based on the particle size analysis results, during 12 weeks 

of storage, all formulated Tekelan leaf ethanol extract 

nanogels experienced an increase in particle size. The 

increase in particle size is still within the range of 

nanometer particle size requirements, so all Tekelan leaf 

ethanol extract nanogels can be said to be stable in nanogel 

preparations. During 12 weeks of measurement, it can be 

concluded that the average size of the tekelan leaf ethanol 

extract nanogel meets the size requirements, which does 

not exceed 1000 nm from the beginning of formulation to 

12 weeks of storage.28  

Cycling test stability study  

Cycling test observations were made on the Tekelan leaf 

ethanol extract nanogel preparation which was stored at 

4±2 ℃ in the refrigerator for 24 hours and then transferred 

and stored at 40±2℃ in a climatic chamber for 24 hours, 

this treatment was counted as one cycle. The cycling test 

method was repeated for six cycles, then the physical 

condition of the nanogel preparation was observed by 

comparing the preparation before and after treatment. Data 

on the results of the cycling test of nanogel preparation of 

ethanol extract of tekelan leaves can be seen in Figure 2. 

 

Figure 2 (A and B): Cycling test results of nanogel 

preparation of ethanol extract of tekelan leaf before 

storage and after storage. 

Anti-bacterial activity  

Testing the antibacterial activity of the Tekelan leaf 

ethanol extract nanogel preparation using the agar 

diffusion method; this method was used because it allows 

the nanogel preparation test material to be directly in 

contact with the walls of the agar media so that measuring 

the diameter of the inhibition zone will be easier and can 

be seen visually.29 

Data from the diameter of the inhibition of P. acnes 

bacterial growth against the nanogel preparation of ethanol 

extract of tekelan leaves can be seen in Table 7. 

Table 7: Bacterial diameter measurement results. 

Formula Obstacle zone 

NF 1 7.93±0.115 

NF 2 9.10±0.173 

NF 3 10.23±0.153 
*NF: nanogel formulation 

Based on the table above, it can be seen that the higher the 

concentration of tekelan leaves used, the greater the 

inhibition produced. The quercetin contained in Tekelan 

leaves may play a role as an anti-bacterial, especially 

against bacteria that cause acne. Table 6 also shows that at 

a concentration of 7.5%, the nanogel has more significant 

inhibition. 

DISCUSSION  

The results of the homogeneity examination of the F1, F2, 

and F3 nanogel preparations showed that the nanogel 

preparation of ethanol extract of tekelan leaves was 

homogeneous before and after storage. Homogenous 

distributed active ingredients will maximize the release of 

active compounds on the skin.23 

All formulas showed that the pH after adding the extract 

was getting smaller. This is due to the acidic pH of the 

extract (4.11). After storage for 12 weeks, the pH of all 

preparations decreased slightly but still met the skin pH 

requirements.26,27 

Based on the results of particle size analysis, during 12 

weeks of storage, all formulated tekelan leaf ethanol 

extract nanogels experienced an increase in particle size. 

The increase in particle size that occurred was still within 

the range of nanometer particle size requirements, so all 

Tekelan leaf ethanol extract nano gels can be said to be 

stable in nano gel preparations. During 12 weeks of 

measurement, it can be concluded that the average size of 

the tekelan leaf ethanol extract nanogel meets the size 

requirements, which does not exceed 1000 nm from the 

beginning of formulation to 12 weeks of storage.28 

The cycling test to determine the stability showed that all 

nanogels of ethanol extract of Tekelan leaves showed no 

change in color, odor, or consistency. This indicates that 

A 

B 
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the nanogel preparation of ethanol extract from Tekelan 

leaves is physically stable.29 

The formula 1 was able to inhibit the growth of P. acnes 

bacteria by 7.93 mm. In formula 2, the preparation 

inhibited the growth of P. acnes by 9.10 mm. In formula 

3, the preparation inhibited the growth of P. acnes bacteria 

by 10.23 mm. The inhibition may be due to the presence 

of quercetin in the preparations.30 

In this study the minimum inhibitory concentration of the 

extract inhibiting P. acnes bacteria growth was 

determined. However, the minimum inhibitory 

concentration value was only tested on P. acnes bacteria. 

CONCLUSION  

It can be concluded that Tekelan leaf extract can be 

formulated into nanogel preparations, were stable during 

the cycling test, and had particle sizes below 200 nm. 

Nanogel preparation F3 has the best antibacterial activity 

of 10.23±0.153.  
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