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					ABSTRACT  

					ARTICLE INFO  

					Diadema setosum is believed to possess considerable anti-inflammatory properties for burn  

					therapy. Cream is considered the most practical topical wound therapy as it is non-sticky, and  

					completely covers the wound. Developing appropriate formulations of Diadema setosum is  

					essential for its advancement as better and safer topical burn therapy. This study aimed to ascertain  

					the physical properties and irritant effect of 70% ethanol extract of Diadema setosum in cream  

					formulations at concentrations of 1% (F1) and 3% (F2) extract. This research was a genuine study  

					with a fully randomized design. The characteristics of the cream formulations including  

					organoleptic, pH, viscosity, emulsion type, spreadability, and adhesiveness were evaluated using  

					standard procedures. Occlusivity test was done using in vitro method and the irritation test was  

					performed in vivo using Wistar rats. The results showed that the formulations met the criteria for  

					an ideal cream. The creams were an oil-in-water type with pH ranging from 5.66 to 5.77. The  

					creams had viscosity values of 16563.33 ± 422.87 cP (F1) and 21255.00 ± 465.89 cP (F2);  
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					permits unrestricted use, distribution, and reproduction spreadability values were 6.55 ± 0.28 cm (F1) and 5.66 ± 0.36 cm (F2). The adhesiveness values  

					in any medium, provided the original author and  

					source are credited.  

					were 107.00 ± 5.66 s (F1) and 140.33 ± 4.11 s (F2). The occlusivity of the creams after 48 hours  

					were 75.52 ± 1.58% (F1); and 76.94 ± 0.29% (F2). After 48 hours, cream formulations showed  

					no irritation on rats’ skin. This study concluded that cream formulations with 1% and 3% Diadema  

					setosum extract creams have good physical characteristics and non-irritating.  

					Keywords: Diadema setosum, Sea Urchin, Burn Therapy, Cream, Irritation Test.  

					The sea urchin is an herbivorous invertebrate within the marine  

					ecosystem. Sea urchin shells contain the bioactive chemicals  

					Introduction  

					Burns constitute a trauma that is often overlooked, as they  

					can occur to anyone, at any time, and in any location. Burns can  

					obliterate skin and other tissues, including blood vessels and nerves,  

					thereby elevating the risk of infection, increasing Disability-Adjusted  

					Life Years (DALYs), and mortality. Burns are typically managed with  

					several pharmacological agents to facilitate the healing process,  

					including silver sulfadiazine (SSD), and bacitracin as an antibacterial  

					agent.1 The gold standard for burn wound management is SSD, which  

					inhibits bacterial infections; nevertheless, it does not facilitate rapid  

					healing and is reported to exert cytotoxic effects on fibroblasts and  

					keratinocytes, hence hindering new tissue production.2 Burn therapy is  

					intricate, does not facilitate rapid healing, inflicts damage on the skin  

					resulting in scars post-recovery. The latest therapy for burn wounds  

					involves the application of growth factors that can expedite tissue  

					regeneration; nevertheless, this therapy remains underutilized due to its  

					high cost and lack of status as a primary therapeutic agent.  

					Apelasteroida A and B, along with Polyhydroxy naphthoquinone  

					(PHNQ) derivatives, including, Spinochrome A-E, Echinocrome, and  

					Echinamine A, B, and E. Sea urchin exhibits promise as an  

					antioxidant,3-5 anti-inflammatory,6,7 antipyretic/analgesic,8,9 and  

					antibacterial agent.3,7,10 Diadema setosum is a type of sea urchin that is  

					very common in Indonesian waters. Diadema setosum has been  

					demonstrated to possess saponins, flavonoids, quinonoids, steroids, and  

					tannins.13 Saponin can induce an elevation in Vascular Endothelial  

					Growth factor (VEGF) and its signaling, augments the quantity of  

					fibroblasts, and inhibit the synthesis of Interleukin-6 (IL-6) and Tumor  

					Necrosis Factor-α (TNF-α). The omega-3 content in the gonads  

					functions as an anti-inflammatory agent and enhances wound healing  

					via the alteration of collagen signaling. The PHNQ compound in  

					Diadema setosum exhibits potential activity as an antioxidant, anti-  

					inflammatory, antibacterial, and antipyretic, which is crucial in the  

					healing phase of burn wounds.11-13 The Flores Sea is home to an  

					abundance of Diadema setosum, which was collected from Maumere,  

					East Nusa Tenggara, Indonesia for this study. The literature indicates  

					that Diadema setosum has the capacity to promote the regeneration of  

					tissue that has been injured by first and second degree burns.14 An in  

					silico study identified 47 secondary metabolites with potential anti-  

					inflammatory properties from Diadema setosum.15 Diadema setosum  

					extract has been demonstrated to possess potential anti-inflammatory  

					activity due to its ability to inhibit IL-6 and TNF-α. Consequently, it is  

					anticipated that it will be capable of alleviating inflammation due to  

					burn. To harness the potential of Diadema setosum as a burn therapy, it  
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					is essential to formulate  

					a

					topical preparation that effectively  

					incorporates Diadema setosum as the active ingredient, ensuring  

					optimal delivery into the skin to improve burn healing efficacy.  

					Numerous medicines extensively utilize cream as topical formulation.  

					A high-quality cream must possess excellent physical properties, ensure  
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					safety, and maintain stability. Currently, there is no safety data available  

					for Diadema setosum as a topical therapy. The present study was  

					designed to address the following challenges: (1) there is no known  

					cream formulation that incorporated Diadema setosum extract, and (2)  

					the cream formulations that contain marine substances typically induce  

					allergic reactions, hence necessitating irritant test on experimental  

					animals to evaluate their safety.  

					was first calibrated using a neutral standard buffer solution (pH 7.00)  

					and an acidic pH buffer solution (pH 4.00). Then the electrode was  

					washed with distilled water and dried. The electrode was then dipped  

					into 50 mL of the preparation, and the value shown on the LCD was  

					recorded. The pH measurement was done 3 times.16  

					Evaluation of cream type  

					One gram (1 g) of the cream was placed on a watch glass, followed by  

					the addition of  

					a

					drop of methylene blue. Subsequently,  

					visual observation was conducted to ascertain if the cream was of the  

					oil in water (o/w) or water in oil (w/o) form. Methylene blue was  

					solubilized in water; thus, if the blue colour is uniformly dispersed  

					throughout the cream and the globules seem colourless, the cream  

					preparation is classified as oil in water (o/w). The opposite situation  

					defines water in oil (w/o) type cream.17  

					Materials and Methods  

					Chemicals and Reagents  

					The materials used in this study are Diadema setosum 70% ethanol  

					extract, PEG-7 Glyceryl Cocoate (Pharm Grade, Bratachem), Medium  

					Chain Trigliseride (MCT) (Pharm Grade, Croda), Tween 80 (Pharm  

					Grade, Merck), Propylene glycol (Pharm Grade, Bratachem), Cetyl  

					palmitate (Pharm Grade, Merck), Stearic acid (Pharm Grade, Merck),  

					Sodium Lauryl Sulphate (Pharm Grade, Bratachem), Methylene blue,  

					and distilled water. The equipment used in this study include glassware,  

					hotplate and stirrer (Thermo Fisher Scientific, USA), viscometer  

					(Brookfield Ametec, USA), pH meter (Horiba Laqua PH 1200-S  

					Benchtop PH / ORP, Japan), and electric shaver.  

					Viscosity test  

					Viscosity measurement was done using a DVE Viscometer (Brookfield  

					Ametek, Asia). The cream preparation (100 mg) was placed on a glass.  

					The appropriate spindle was selected, and the desired speed was set.  

					The value displayed on the viscometer LCD was recorded.19 Triplicate  

					measurements were made.  

					Spreadability test  

					Collection and identification of Diadema setosum  

					The cream preparation (0.5 g) was weighed and placed on a first glass,  

					then covered with a second glass. To the second glass was applied a  

					load of 50 g initially, and increased gradually until the final load was  

					150 g. Every additional load was left for a duration of 1 minute. The  

					diameter of the spreaded power was measured, and the result was  

					record. The wider the diameter, the better the spread.16 The  

					measurement was done in 3 replicates.  

					Diadema setosum samples (spine and whole body) were obtained from  

					Donates Sera Sea, Sikka Province, Maumere, East Nusa Tenggara,  

					Indonesia with GPS coordinates: 8°37'09.7"S 122°13'16.3"E. The  

					sample was collected at 4-5 m below sea level. Video footage was taken  

					by the fisherman during sample collection. The samples were rinsed  

					with seawater to remove contaminants, and sun-dried. The samples  

					were identified at the Biology Service Unit of Airlangga University,  

					Indonesia.  

					Adhesion test  

					A total of 0.1 g of Diadema setosum extract cream (1% and 3%) was  

					placed in one object glass and attached to another object glass, then  

					pressed with a load of 100 g for 5 minutes. The load was removed, the  

					end and bottom of the cover glass object was attached to the clamps on  

					the adhesion tester, the load holder was removed, and the time it took  

					the glass object to fall was recorded using a stopwatch. The adhesive  

					power of a semi-solid dosage form should not be less than 4 seconds.20,21  

					Triplicate determination was made.  

					Preparation of Diadema setosum extract  

					The desiccated samples were separated from the spines, and only the  

					dried shells were used in this investigation. The dried shells (250 g)  

					were pulverized into a powder, and macerated in 70% ethanol (2.5 L)  

					at room temperature for 3 days. The resulting liquid extract was  

					concentrated using a rotary evaporator and subsequently heated in an  

					oven at 40°C.  

					Preparation of Diadema setosum cream  

					Occlusivity test  

					Two cream formulations incorporating 1% (F1) and 3% (F2) of a 70%  

					ethanol extract of Diadema setosum were made. Each cream  

					formulation comprises a 5% MCT oil phase, 1% stearic acid, and 5%  

					cetyl palmitate. In the formulation, an 8% concentration of PEG 7 GC,  

					along with 6% Tween 80 were used as surfactants, complemented by  

					10% propylene glycol as a cosolvent incorporated within the aqueous  

					phase. The cream formulation process commenced with the melting of  

					the oil phase, accompanied by the heating of the water phase, both  

					maintained at a temperature of 65oC on a hotplate with constant stirring.  

					Subsequently, the 70% ethanol extract of Diadema setosum was  

					incorporated into a mixture of propylene glycol, PEG 7 GC, and Tween  

					80, and agitated until a homogeneous consistency was achieved at a  

					stirring speed of 300 rpm. This was then incorporated into the oil phase,  

					and stirred until a uniform mixture was achieved. To the final mixture  

					was added the remaining water, and stirred uniformly until the  

					temperature reached 25˚C.  

					The occlusivity test was conducted via an in vitro approach. An empty  

					vial was weighed and dried. To the vial was added 5 mL of water and  

					weighed, sealed with a filter membrane (cellulose filter, 0.45 mm pore,  

					Whatman no. 4), and secured with a rope. Subsequently, 10 drops of  

					isopropyl myristate were introduced to saturate the membrane and  

					allowed to rest overnight. Subsequently, 0.05 g of the test preparation  

					was uniformly placed on the membrane and monitored for 48 hours.  

					These tests were conducted in triplicate, and the average value was used  

					to calculate the occlusion factor (F) using the formula shown in  

					equation 1 below.  

					F = [(A – B/A)] x 100 ……………………………. Eq. 1  

					Where A represents the water loss in the container without the sample  

					(reference), and B defines the water loss in the container with the  

					sample. The occlusion factor (F) ranges from 0 to 100, where 0 indicates  

					no occlusive impact, and 100 suggests the highest occlusion.22  

					Organoleptic examination  

					The organoleptic assessment of the cream was conducted by the  

					observation of its colour, odour, and homogeneity.16 A homogeneity  

					test was performed by weighing one gram of Diadema setosum extract  

					cream at concentrations of 1% and 3%, and placed on a glass slide.  

					Thereafter, the slide was covered and evaluated for uniformity of the  

					cream and smoothness on application to the skin's surface. An efficient  

					formulation is devoid of coarse particles when applied to the skin.17,18  

					In vivo irritation test  

					The irritation test was conducted on rats according to the OECD  

					guidelines, and the Primary Dermal Irritation Index (PDII) was  

					evaluated.23,24  

					Ethical approval  

					Prior to the irritation test, an ethical approval was granted by the Health  

					Research Ethics Commission of the Faculty of Medicine, Universitas  

					Hang Tuah, Surabaya, Indonesia, with approval reference number  

					1/103/UHT.KEPK.03/VIII/2024.  

					pH measurement  

					The pH of the preparation was measured using a pH meter (Horiba  

					Laqua PH 1200-S Benchtop PH / ORP Meter; Japan). The pH meter  
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					Animals  

					Statistical analysis  

					Twenty-four (24) male Wistar rats (2 – 3 months old) weighing between  

					All observational data regarding quantitative parameters were analyzed  

					statistically employing an independent paired t-test using SPSS  

					software version 28. Numerical values were reported as mean ±  

					standard deviation (SD). Differences between means were considered  

					significant if the p-value is less than 0.05 (p < 0.05).  

					150  

					–

					200  

					g

					were obtained from Veterinary Pharma Center,  

					Surabaya, East Java, Indonesia. The rats were kept in individual cages  

					and housed in the pharmacology laboratory under controlled  

					temperature (25 – 28oC), photoperiod (12 h dark/12 h light), with  

					controlled humidity (50 - 60%), and acclimatized for seven days. The  

					rats were fed with standard rodent pellets and had allowed access to  

					drinking water ad libitum.  

					Results and Discussion  

					Physical characteristics of Diadema setosum extract cream  

					The purpose of physical characteristics testing was to ascertain whether  

					the cream preparations are consistent with the characteristics of topical  

					preparations. The following results were obtained from the organoleptic  

					evaluation of the test cream preparations. The cream was white to  

					slightly brown in colour (Figure 1).  

					Test procedure  

					A day before the irritation test, all rats had their backs clipped and  

					shaved from the dorsal and trunk area to a size of 3 x 3 cm using an  

					electric shaver. The rats were randomly assigned to four groups of six  

					animals each: Cream base group, 1% extract cream group, 3% extract  

					cream group, and sodium lauryl sulfate (SLS) 20% group. On the day  

					of irritation test, prior to application, the animals were examined for  

					health and the skin checked for any abnormalities. No pre-existing skin  

					irritations were observed. The test cream preparation was applied to the  

					rat's skin at a dose of 0.25 grams per rat, and the skin of the rat was  

					subsequently covered with plastic wrap and tape for 24 hours. After 24  

					hours, the plastic wrap and tape were removed and the rat skin was  

					rinsed with saline. The rat's skin was observed to see whether erythema  

					or edema occurred after 24 hours of cream application. The erythema  

					and edema condition was analyzed as shown in Table 1.  

					Table 1: Primary skin irritation scoring system  

					Value Erythema and Eschar  

					Formation  

					Value Edema Formation  

					Figure 1: Visual appearance of (A) F1 (1%) and (B) F2 (3%)  

					Diadema setosum extract cream  

					0

					1

					No Erythema  

					0

					1

					No edema  

					The brownish colour of the cream results from the dark brown colour  

					of the 70% ethanol extract of Diadema setosum. The cream had a  

					slightly fishy odour. Homogeneity test yielded a uniform formulation  

					upon application to the skin meaning that the 1% and 3% Diadema  

					setosum extract cream have a good homogeneity with the type of oil-in-  

					water (o/w) cream preparation.  

					The pH of the formulas was not significantly difference (p > 0.05) with  

					values of 5.66 ± 0.13 (F1) and 5.70 ± 0.14 (F2) (Figure 2), which is  

					within the limits of normal skin pH of around 4 - 6.27 A recent study  

					indicated that the application of topical acidifiers, demonstrates  

					superior efficacy in the wound healing process. Wounds exhibit  

					diminished oxygen saturation as a result of vascular compromise. Upon  

					exposure to air, there is a loss of CO2, resulting in an alkalotic state. The  

					application of products characterized by an acidic pH influences the  

					mitigation of a strongly alkaline pH towards a more physiological  

					range, thereby preventing cytotoxic levels detrimental to keratinocytes  

					and fibroblasts, while concurrently inhibiting the activity of matrix  

					metalloproteinases (MMPs).28  

					Very Slight Erythema  

					(barely perceptible)  

					Well-defined Erythema  

					Very Slight Edema  

					(barely perceptible)  

					Slight Edema  

					2

					2

					(edges of area well  

					defined by definite  

					raising)  

					3

					4

					Moderate-to-severe  

					Erythema  

					3

					4

					Moderate Edema  

					(raised ~ 1 mm)  

					Severe Edema  

					(raised more than 1  

					mm and extending  

					beyond area of  

					exposure)  

					Severe Erythema  

					(beet to crimson red) to  

					slight eschar formation  

					(injuries in depth)  

					6.00  

					5.00  

					4.00  

					3.00  

					2.00  

					1.00  

					0.00  

					Observation was continued for 48 hours after administration of the  

					cream. The presence of erythema and edema was calculated and  

					classified by descriptive rating for Primary Dermal Irritation Index  

					(PDII) as shown in Table 2.24-26  

					Table 2: Descriptive rating for primary dermal irritation index  

					(PDII)  

					Primary Dermal Irritation Index  

					(PDII)  

					Classification  

					F1 (1%)  

					F2 (3%)  

					0

					Non-irritating  

					> 0 – 2.0  

					>2.1 – 5.0  

					> 5.0  

					Slightly Irritating  

					Moderately Irritating  

					Severely Irritating  

					Figure 2: pH of Diadema setosum extract cream  
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					The viscosity of the extract cream met the criteria of an ideal cream in  

					the range of 2000 - 50000 cP.29 Diadema setosum extract cream 1% and  

					3% formulation produced a viscosity value of 16563.33 ± 422.87 cP  

					and 21255.00 ± 465.89 cP, respectively (Figure 3). The 3% extract  

					cream (F2) exhibited a significantly (p < 0.05) higher viscosity than the  

					1% extract cream (F1) due to its larger extract concentration. Viscosity  

					is inherently related to ease of use and reduces phase separation in  

					cream formulations.30 The viscosity of a system has an inverse relation  

					to its spreadability.31 A greater viscosity value corresponds to reduced  

					spreadability, and conversely, a lower viscosity value indicates more  

					spreadability. This explanation aligns with the findings from this study,  

					where F2 which had a higher viscosity than F1, exhibited spreadability  

					value of 6.55 ± 0.28 cm which was lower than that of F1 (5.66 ± 0.36  

					cm). (Figure 3).  

					acceptable range of 2 - 300 seconds.27 The results of the extract cream  

					physical characteristic test are shown in Table 3.  

					Occlusivity Diadema setosum extract cream  

					The cream base exhibited an occlusivity percentage of 56.67 ± 1.08%  

					at 24 hours of storage and 54.67 ± 0.3% at 48 hours of storage, as  

					indicated by the results of in-vitro occlusivity test. The occlusivity  

					percentage of the 1% extract cream preparation was 77.36% ± 0.10 at  

					24 hours of storage and 75.52 ± 1.58% at 48 hours of storage, which  

					was significantly (p < 0.05) higher than that of the base preparation. The  

					occlusivity percentage of the 3% extract cream was 78.13 ± 0.63% at  

					24 hours and 76.94 ± 0.29% at 48 hours, which was significantly (p <  

					0.05) higher than that of the base and 1% extract cream. This  

					demonstrates that the 3% Diadema setosum extract cream formulation  

					has the highest level of occlusiveness (Figure 4), which enables it to  

					preserve skin moisture for 24 and 48 hours.  

					30000.00  

					20000.00  

					10000.00  

					0.00  

					100.00  

					80.00  

					60.00  

					40.00  

					20.00  

					0.00  

					24 hours  

					Cream base  

					48 hours  

					F3 (3%)  

					F1 (1%)  

					F2 (3%)  

					F1 (1%)  

					Figure 3: Viscosity of Diadema setosum extract cream  

					Figure 4: Occlusivity of Diadema setosum extract cream  

					An ideal cream should have spreadability between 5 and 7 cm in  

					diameter. The assessment of cream spreadability relates to its capacity  

					to effectively cover the skin upon treatment. A greater spreadability  

					indicates a larger contact area between the cream and the skin surface,  

					enhancing the distribution of the active ingredients.32 The adhesiveness  

					produced by the extract cream were 107.00 ± 5.66 s (F1) and 140.33 ±  

					4.11 s (F2), this is considered satisfactory because it fell within the  

					The occlusion factor is an indicator that assesses the formulation's  

					capacity to retain skin moisture. The occlusive properties of fatty  

					substances enhance skin hydration and the absorption of drugs in their  

					active form. Certain compounds may serve this function. Lipid content  

					such as fatty acids found in the gonads of Diadema setosum is thought  

					to play a role in producing occlusive properties in cream preparations.33  

					Table 3: Physical characteristics of Diadema setosum extract cream preparation  

					No  

					1.  

					Characteristic  

					Organoleptic  

					1% extract formula  

					3% extract formula  

					Smell: typical marine extract (fishy)  

					Colour: white  

					Smell: typical marine extract (fishy)  

					Colour: slight brown  

					Form: lotion  

					Form: lotion  

					Texture/consistency: semisolid  

					Homogenous when applied to skin  

					Texture/consistency: semisolid  

					Homogenous when applied to skin  

					2.  

					3.  

					4.  

					5.  

					6.  

					7.  

					Homogeneity  

					Type of cream  

					pH  

					Oil in water (O/W)  

					5.70 ± 0.42  

					Oil in water (O/W)  

					5.66 ± 0.13  

					Viscosity  

					16563.33 ± 422.87 cP  

					5-7 cm  

					21255.00 ± 465.89 cP  

					5-7 cm  

					Spreadibility  

					Adhessiveness  

					140.33 ± 4.11 second  

					107.00 ± 9.93 second  

					Skin occlusion enhances absorption, as occlusive composition creates a  

					film on the skin that diminishes transepidermal water loss (TEWL).34  

					Reducing TEWL is an essential approach in scar management, as its  

					mitigation can avoid hypertrophic scarring. The primary objective is to  

					reduce TEWL to levels characteristic of normal skin by achieving an  

					optimal balance of occlusion and hydration.35 Therefore, the potential  

					of Diadema setosum as a moisturizer through an occlusive mechanism  

					supports its effectiveness as a burn therapy.  

					Irritatant effect of Diadema setosum extract cream  

					Sodium lauryl sulphate (SLS) was used as a positive control because  

					SLS is an anionic surfactant that distorts cell membrane proteins. It is  

					also known to induce irritation under occlusive patch application  

					starting at 0.5%.24,36 Erythema and edema were not observed in any of  

					the rats that were administered the cream base, 1% extract cream, or 3%  

					extract cream during the irritation test, while there were erythema and  

					slight edema in SLS group (Figure 5).  
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					Conclusion  

					The 1% and 3% concentrations of the 70% ethanol extract cream of  

					Diadema setosum demonstrated beneficial qualities, effective  

					occlusivity, and did not induce edema or irritation in rats. The results  

					suggest that the use of Diadema setosum extract within this  

					concentration range requires additional investigation into stability and  

					effectiveness to facilitate the development of Diadema setosum  

					formulations for topical burn treatment. Research on Diadema setosum  

					is essential for advancing burn therapy and optimizing marine  

					resources, particularly in Indonesian waters, for strengthening the blue  

					economy.  
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					Figure 5: Irritation test of cream preparations on rats  

					This demonstrates that the Diadema setosum extract cream preparation  

					does not cause irritation when applied topically or has a PDII value of  

					zero (Table 4).  
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