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	ABSTRACT

	Soursop leaves (Annona squamosa L.) contain flavonoids, which work by inhibiting the cyclooxygenase enzyme that is involved in inflammation. These are anti-inflammatory drug agents that act against the process of inflammation—the body’s response to tissue damage caused by physical trauma, chemical substances, or microbiological agents—which can be characterized by redness, heat, pain, and swelling. This study was conducted to determine whether the ethanol extract of soursop leaves (Annona squamosa L.) can be used as a gel preparation that is stable against chemical and physical changes, and to determine whether the gel preparation can provide anti-inflammatory effects in male white rats (Rattus norvegicus). The method used in this study was a laboratory experiment, with soursop leaves extracted using the maseration method and 96% ethanol as the solvent. The extract was then formulated into a gel preparation with concentrations of 5%, 6%, and 7%, followed by evaluation of organoleptic properties, pH, spreadability, viscosity or cycling test, and anti-inflammatory activity using the 1% carrageenan induction method with 15 rats. The results of the anti-inflammatory test showed that the soursop leaf extract gel preparation in male white rats met the stability criteria for gel preparations, and the anti-inflammatory test yielded a significant value (p > 0.05), where even at a concentration of 5% it already exhibited an anti-inflammatory effect. Ethanol extract of soursop leaves can be made into a gel preparation that is physically and chemically stable and can provide anti-inflammatory effectiveness in male white mice.
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INTRODUCTION
Traditional medicine is an ingredient or medicinal herb derived from plant parts that have properties to cure various kinds of diseases and has been practiced since ancient times for generations (Sambara, 2016). Traditional medicine has been developed in the field of health; therefore, it has the potential to be further explored, especially in Indonesia, which possesses a high level of biodiversity (Dewi, 2019). One of the traditional medicinal plants commonly used empirically (hereditarily) is the srikaya plant (Annona squamosa L.), which is widely found in Indonesia. Among the community, parts of the srikaya plant are believed to be able to treat rheumatism, soreness, and low back pain (Elfrida et al., 2021; Farida et al., 2024). Srikaya leaves, in particular, are believed to have a diuretic effect that facilitates the excretion of uric acid through urine, possess anti-inflammatory properties to relieve pain, and contain active ingredients (Aryantini et al., 2020).
Phytochemical screening of srikaya leaves (Annona squamosa L.) has confirmed the presence of flavonoids, saponins, tannins, and phenolic compounds, as supported by chromatographic and spectroscopic studies (Preliminary phytochemical analysis of Annona squamosa leaves, 2023). These flavonoids are known to exert anti-inflammatory activity by inhibiting the release of arachidonic acid and lysosomal enzymes from neutrophils and endothelial cells (Tordera et al., 1994; Audina et al., 2018). Inflammatory diseases are prevalent globally, and flavonoids such as quercetin, kaempferol, and luteolin have shown significant roles in modulating immune responses by suppressing oxidative stress and enzyme-mediated pathways (Natural flavonoids..., 2023; Anti-inflammatory activity of phytochemicals..., 2023). Other phytochemicals like saponins and tannins also contribute to anti-inflammatory mechanisms through lysosomal stabilization and inhibition of pro-inflammatory mediators (Varieties of phytochemicals..., 2016). Additionally, phenolic-rich compounds derived from Annona species have demonstrated the ability to modulate inflammatory enzyme systems like phospholipase A₂ and prostaglandin synthase (Cholakova & Tcholakova, 2025). Understanding these mechanisms is essential, considering that inflammation remains a significant factor in many chronic and degenerative diseases worldwide (Natural flavonoids..., 2023; Anti-inflammatory activity of phytochemicals..., 2023).
Inflammatory conditions can be treated with anti-inflammatory drugs, which may be administered orally or topically (Placha & Jampilek, 2021). The use of topical preparations, such as gels, is generally more effective because they do not pass through the digestive system and therefore do not cause severe side effects, whereas oral preparations may irritate the stomach (Sugihartini, 2020).
According to Putri et al. (2020), a study using srikaya leaf extract (Annona squamosa L.) in male white mice (Mus musculus) at doses of 100, 200, and 300 mg/kgBW demonstrated an anti-inflammatory effect. Pramitaningstuti (2017) also showed that ethanol extract of srikaya leaves (Annona squamosa L.) at doses of 100 and 200 mg/kgBW was effective in reducing edema in male white rats (Rattus norvegicus). Based on these findings, the researcher is interested in studying the formulation and anti-inflammatory testing of srikaya leaf extract gel preparations (Annona squamosa L.) in male white rats (Rattus norvegicus).
One such plant is the srikaya leaf (Annona squamosa L.), which is traditionally used by local communities to treat conditions such as rheumatism, soreness, and pain. Phytochemical studies have identified active compounds in srikaya leaves, including flavonoids, tannins, and saponins, which exhibit anti-inflammatory effects through inhibition of arachidonic acid release and lysosomal enzyme activity. Previous studies (e.g., Putri et al., 2020; Pramitaningstuti, 2017) have shown promising anti-inflammatory potential of srikaya leaf extract in vivo using various animal models and dosage regimens.
Despite these findings, there remains a gap in research concerning the formulation of srikaya leaf extract into a topical gel that is both physically and chemically stable. Topical gel preparations offer several advantages over oral administration, such as localized effects, fewer systemic side effects, and improved patient compliance. However, the formulation must meet certain pharmaceutical standards in terms of pH, viscosity, spreadability, and physical stability. Thus, this study aims to formulate a gel preparation of ethanol extract of srikaya leaf and evaluate its anti-inflammatory activity in male white rats (Rattus norvegicus), with the novelty lying in the combination of formulation and biological efficacy testing.
The hypothesis of this study is that ethanol extract of srikaya leaves, when formulated into a gel with appropriate pharmaceutical excipients, will demonstrate both physical stability and significant anti-inflammatory activity comparable to standard anti-inflammatory treatments. The expected outcome is a stable, effective gel formulation that can serve as a prototype for herbal-based topical anti-inflammatory products.

METHOD
This study is a type of laboratory experimental research that aims to determine the formulation and test the anti-inflammatory activity of gel preparations based on ethanol extract of srikaya leaf (Annona squamosa L.) on the legs of male white rats (Rattus norvegicus). This research was carried out from March to May 2024 at the Laboratory of Phytochemistry, Preparation Technology, and Biopharmaceuticals of Megarezky University Makassar. The analysis and laboratory testing process will continue until April 2025. The purpose of this research is to provide an alternative treatment based on natural ingredients that have the potential to be anti-inflammatory.
The tools used in this study include a blender (Miyako), a mixing rod, a chemical cup and measuring cup (Pyrex®), a pH meter, an oven (Memmert®), a viscometer (Brookfield LV®), a rotary evaporator (Heidolph®), and a digital and analytical scale. The ingredients used include aquadest, 96% ethanol, aluminum foil, ether, srikaya leaf condensed extract, glycerin, cetyl alcohol, propylene glycol, HPMC, carrageenan, methyl paraben, and sodium diclofenac as a comparator in anti-inflammatory tests. The combination of these tools and ingredients allows the formulation and evaluation process of gel preparations to be carried out systematically and accurately.
The work procedure begins with the collection of srikaya leaves, which is carried out in the morning. The leaves are then washed clean, dried by aeration for seven days, and ground using a blender to obtain a powder. The extraction process is carried out by the maceration method, which involves soaking 500 grams of leaf powder in 5000 mL of 96% ethanol for five days, with stirring every 24 hours. After that, the mixture is filtered to separate the pulp and filtrate. The filtrate is then evaporated using a rotary evaporator until a thick extract of srikaya leaves is obtained, which is ready to be used in the formulation of anti-inflammatory gels.
The data obtained from the results of the study using the carrageenan induction method are used to determine the artificial edema area, by calculating the value of % anti-inflammatory power (%DAI), which is statistically 95% reliable. For the stability test data, the analysis used was the paired sample T-test to determine the difference in values (p > 0.05) before and after the cycling test. For the anti-inflammatory effect data, a normality test was performed (p > 0.05). Subsequently, a one-way ANOVA parametric test was conducted on the % anti-inflammatory power data between the treatment groups. If the data showed a significant difference, p < 0.05.

RESULTH AND DISCUSSION
Gel Formulation  

Table 1. Gel preparation formula
	     No.                      
	Name of the material
	Use
	Concentration (%) 

	
	
	
	FI
	FII
	FIII
	K(-)

	1
	Annona squamosa L.)
	    Extract  
	5
	6
	7
	0

	      2
	     Hidroxy propyl methyl cellulose
	     Basis 
	2
	2
	2
	2

	       3
	P    Propilenglikol
	     Humektan 
	5
	5
	5
	5

	       4
	M  Metil paraben 
	     Preservatives 
	0,3
	0,3
	0,3
	0,3

	       5
	Aquadest ad
	     Solvent 
	50
	50 
	50
	50


Source: by Researcher

1. Evaluasi sifat fisika kimia sediaan gel 
a. Uji organoleptik sediaan gel 

Table 2. Results of observation of organoleptic tests of gel preparations
	
	Color Construction 
	
	Appearance 

	Formula
	Before the cycling test
	Before the cycling test
	Before the cycling test
	Formula
	Before the cycling test
	Before the cycling test

	FI
	Dark Brown
	Typical extracts
	  Semi-solid
	FI
	Dark Brown
	Typical extracts

	FII
	Dark Brown
	Typical extracts
	Semi-solid
	FII
	Dark Brown
	Typical extracts

	FIII
	Dark Brown
	Typical extracts
	Semi-solid
	FIII
	Dark Brown
	Typical extracts

	K (-)
	Clear  
	   Construction khas base
	Semi-solid
	K (-)
	Clear  
	   Construction khas base


Source : Raw data

Information:
FI : Formula with a concentration of 5%
FII: Formula with a concentration of 6%
FIII : Formula with a concentration of 7%
K (-) :  Negative control
Based on the table above with various concentrations on gel preparations before and after  the cycling test, the cycling test has stable stability, appearance, color and smell.
pH test of gel preparations 

Table 3. Observation results of the pH test of gel preparations
	Formula 
	      Before the cycling test 
	     After the cycling test
	Condition 
	Significance

	FI
	6,3
	4,5
	    4,5-6,5
	0,792>0,05 significant

	FII
	6,3
	4,6
	
	

	FIII
	6,5
	4,7
	
	

	K(-)
	6,2
	4,7
	
	


Source: Raw data

p> 0,05 : Normally distributed (significant)
p< 0.05 : Not normally distributed (insignificant)
Information:
FI : Formula with a concentration of 5%
FII: Formula with a concentration of 6%
FIII : Formula with a concentration of 7%
K (-) : Negative control
Based on the observation results in the table above, it shows that the pH test of gel preparations before and after the cycling test has conditions and is declared stable because the significance value is greater than 0.05 (p>0.05). 
Dispersion test of gel preparations 

Table 4.  Results of observation of the dispersion test of gel preparations
	Formula 
	   Before the cycling test 
	     After the cycling test 
	Condition 
	Significance 

	FI
	7 cm
	8,5 cm
	5-7 cm
	0,383>0,05 significant

	FII
	6,5 cm
	7 cm 
	
	

	FIII
	6 cm
	7 cm
	
	

	K(-)
	8,5 cm
	8 cm 
	
	


Source: Raw data

p> 0.05 : Normally distributed (significant)
p< 0.05 : Not normally distributed (insignificant)
Information:
FI : Formula with a concentration of 5%
FII: Formula with a concentration of 6%
FIII : Formula with a concentration of 7%
K (-): Negative control
Based on the observation results in the table above, it shows that the dispersion of gel preparations before and after the cycling test is qualified and declared stable because the significance value is greater than 0.05 (p>0.05).
Viscosity test of gel preparations 

Table 5. Results of the viscosity test results of gel preparations
	Formula 
	Before the cycling test 
	After the cycling test
	Condition 
	Significance 

	FI
	6940
	3080  
	     2000-4000 cPs
	0, 352>0,05 significant

	FII
	8419
	2640
	
	

	FIII
	7140
	2700
	
	

	K(-)
	8200
	2780
	
	


Source: Raw data

p> 0.05 : Normally distributed (significant)
p< 0.05 : Not normally distributed (insignificant)
FI : Formula with a concentration of 5%
FII: Formula with a concentration of 6%
FIII : Formula with a concentration of 7%
K (-) : Negative control 
Based on the results of the table above, the viscosity test of gel preparations before and after the cycling test showed that the gel preparations were qualified and declared stable because the significance value was greater than 0.05 (p>0.05).
Test the anti-inflammatory effectiveness of gel preparations
Table 6. Results of the observation of the anti-inflammatory effectiveness test of gel preparations
	Treatment
	Initial volume (mL)
	Volume of udema after induction (mL)
	Average udema decrease (%)
	Significance

	FI 5%
	0,15
	0,3
	68,79
	   0,353<0,05

	FII 6%
	0,2
	0,4
	64,05
	

	FIII 7%
	0,2
	0,4
	46,00
	

	K (-)
	0,2
	0,4
	65,55
	

	K(+)
	0,2
	0,4
	58,83
	


Source: Raw data

If p>0.05 then significantly shows no difference in data
If p<0.05 then significantly shows that there is a difference in the data
Information:
FI : Formula with a concentration of 5%
FII: Formula with a concentration of 6%
FIII : Formula with a concentration of 7%
K(-) : Negative control
K(+) : Positive control
         
Based on the data above, it shows that there is a decrease in udema in the legs of rats which can be seen from the difference between positive dick and a 7% FIII concentration has an anti-inflammatory effect on the decrease in udema in white rats.


Figure 1. Test of the anti-inflammatory effect of srikaya leaf gel preparation (Annona squamosa L.) against rat leg udema.
Source: Raw data

	Srikaya (Annona squamosa L.) is one of the plants that grows a lot in Indonesia, besides being often found srikaya plants also have exotic values such as in leaves which contain a lot of chemical compounds in them such as flavonoids, terpenoids and alkaloids which are medicinal compounds that can provide effects or treatment. This study is to find out whether srikaya leaf extract can be used as a physicochemical stable gel preparation and whether it can provide anti-inflammatory effects on male white rats (Rattus norvegicus).
       In this study, the sample used was srikaya leaves (Annona squamosa L.) because srikaya leaves have been empirically used by the community as a traditional medicine where it can treat rheumatism, pain and low back pain. Srikaya leaves also have a deuretic effect that the extract makes can reduce uric acid and can relieve enyeri. Srikaya leaves were taken in Antang village, Manggal District, Makassar City, South Sulawesi. The local community believes that this plant is efficacious in treatment. The research began with the maceration process of srikaya leaf samples (Annona squamosa L.) using ethanol solvent 96% of the extraction process using the maceration method provides a number of advantages, which aims to attract the substances contained in the sample and ensure that the extracted active ingredients will not be damaged by the compound. The selection of 96% ethanol is as a filter fluid because it is able to absorb all active compounds contained in simplicia that are polar, semi-polar, and non-polar, and ethanol solvents are non-toxic. In addition, the use of 96% ethanol is more volatile compared to 70% ethanol so that the maceration process is faster to obtain a thick extract. Then it is evaporated using a rotary evaporator to produce a thick extract and the result obtained is 3.49 grams.
        According to (Nutrisia, 2016) Gel is a semi-solid preparation consisting of a suspension made from small inorganic particles or large organic molecules penetrated by a liquid. Gel preparations are chosen because they dry easily, form a film layer that is easy to wash off and provides a cold feeling on the skin. Gel preparations have a much better potential to administer drugs in a topical manner compared to other topical preparations such as ointments because the gel is non-sticky, requires no energy for formulation, is stable and has good aesthetics. In formulating gel preparations, requiring gelling agent components is a critical factor that can affect the physical properties of the gel used. HPMC (Hydroxy Propyl Methyl Cellulose) base is a gelling agent that is often used in cosmetic and medicinal products, because it can produce a clear gel, is easily soluble in water and has low toxicity. In the manufacture of gel preparations, srikaya leaf extract (Annona squamosa L.) is divided into three types of formulations, namely 5%, 6% and 7%. In the use of these three concentrations, the aim was to find out which concentration was more effective in reducing swelling in the legs of rats (Rattus norvegicus).
        From organoleptic observations of the gel preparation of srikaya leaf extract (Annona squamosa L.) it shows that the dark brown preparation, with a characteristic smell of extract, produces a transparent, non-sticky and cold gel. At concentrations of 5%, 6% and 7%. Based on the results of organoleptic tests, gel preparations are relatively stable because there is no change in color, smell and appearance before and after the cycling test. The Minister of Culture (Tiara, 2013) is a good condition for gel preparation, which is in the form of semi-solid. So it can be concluded that through organoleptic observation, the resulting preparations are not affected by temperature changes, mixing, or stirring at the time of manufacture (Nelly, 2019).
        The next test is where pH, dispersibility, and viscosity tests are carried out to see if there is a decrease or increase in the ethanol extract gel preparation of srikaya leaf (Annona squamosa L.). In the pH test, there was a decrease in the pH value, the dispersion test increased and the viscosity test decreased after the cycling test. This is caused by several factors such as the preparation process where the mixing process of additives, the stirring process and changes in room temperature during the transfer from before and after the cycling test. Where the pH test results obtained still meet the pH requirements of gel preparations according to the skin pH, which is 4.5-6.5 (Ernawati & Nurmila, 2018). It is the same with the dispersion and viscosity test where if the higher the dispersion value, the lower the viscosity value. Based on the results of the research, the dispersion test still meets the normal requirements, namely 5-7 cm (B & Isnaeni, 2016) and the viscosity test results obtained are still qualified, namely 2000-4000 mpas (Ardana et al., 2016). 
        The cycling test was carried out by storing gel preparations at a temperature (4°C) for 24 hours and followed by preparations stored at a temperature (40°C) for 24 hours, which was calculated in 1 cycle. The cycling test was carried out for 6 cycles (12 days) and physical changes were observed from the preparation before and after the test. Cycling test results on gel preparations do not show any separation in gel preparations. 
        Testing of anti-inflammatory activity on srikaya leaf ethanol extract gel preparation (Annona squamosa L.) in male white rats (Rattus norvegicus) induced with 1% carrageenan aimed to see the effectiveness of srikaya leaf ethanol extract (Annona squamosa L.) at concentrations of 5%, 6% and 7%. 1% carrageenan is used because carrageenan can cause inflammation. Inflammation occurs because carcarten is a foreign substance (antigen) that enters the body so that it stimulates antibodies to fight antigens (Amirah et all., 2016). Carrageenan will stimulate mast cell lysis and release inflammatory mediators that can cause vasodilation resulting in exudation of the capillary wall and migration of phagocytes to the inflammatory area resulting in inflammation (Elmitra et all, 2019). Carrageenan is used as an anti-inflammatory inducer because it can cause inflammation in a relatively short time, does not leave marks, provides a more sensitive response to anti-inflammatory drugs, the inflammation that forms develops slowly and can return to normal within 1-2 days (Walidah, 2016). The formation of inflammation can also be clearly observed and cannot cause damage to inflammatory tissues. Carrageenan with a concentration of 1% as much as 0.1 ml was used to induce anti-inflammatory because it was able to produce a clear volume of udem on the soles of the feet of rats. The anti-inflammatory measuring device used is a pletismometer with the principle of measurement based on Archimedes' law, which is that objects inserted into liquid substances will exert upward force or pressure equal to the volume moved. But the error factor that usually occurs in the use of the plethymometer is the inaccurate way of reading it caused by the soles of the rat's feet that often move (Azizah, 2017).
        Based on table 7. The results of the study showed that the largest udema reduction can be seen in the K(+) group of 5 g Voltaren gel containing diclofenac sodium with an average percentage of udema reduction of 58.83% because sodium diclofenac functions as an inhibitor of the formation of cyclooxygenase enzymes, so that the formation of prostaglandins is inhibited and diclofenac sodium also in small doses has provided an anti-inflammatory effect with a half-life of 2-3 hours. Then followed by the results in the FIII group of giving a gel preparation of ethanol extract of srikaya leaves (Annona squamosa L.) 7% with an average percentage reduction in udema which is 46% because the larger the dose given, the greater the anti-inflammatory effect. The data were analyzed using One way ANOVA to see the relationship between the free variable and the bound variable whether there was a relationship between the results obtained and the initial hypothesis. If the significant value (Sig) obtained is Sig, 0.05. The analysis data obtained is 0.353<0.05, so it can be said that there is a relationship between the two or H1 is accepted.

CONCLUSION
The results of this study demonstrate that the ethanol extract of srikaya leaves (Annona squamosa L.) can be successfully formulated into a gel that is both physically and chemically stable and effectively provides anti-inflammatory benefits in male white rats (Rattus norvegicus). The gel met pharmaceutical standards for pH, dispersion, and viscosity, and significantly reduced edema volume induced by carrageenan, particularly at a 7% concentration. Future research is recommended to investigate the long-term effects, potential toxicity, and efficacy of this gel in different inflammation models, as well as to conduct comparative studies with synthetic anti-inflammatory drugs and clinical trials in humans to assess its broader therapeutic potential.
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