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Introduction  

An ulcer is a destructive epithelial lesion extending beyond 

the basal membrane, with well-defined borders, often resulting in 

wounds. Oral ulcers usually present as oval, painful lesions. Ulcers 

typically present as oval, painful lesions. They may appear as white to 

yellowish necrotic patches surrounded by extensive erythematous 

areas.1,2 Oral ulcers are inflammatory reactions of the oral mucosa, 

triggered by various factors such as irritants, allergens, infections, or 

poor oral hygiene. The recovery of oral ulcers follows the fundamental 

principles of wound healing observed in other areas of the body. This 

process generally occurs in several phases, including hemostasis 

(cessation of bleeding), inflammation (clearing the wound and fighting 

infection), cell proliferation (reconstructing tissue), and remodeling 

(enhancing and refining newly developed tissue).3,4 Inflammation is the 

natural response of the body to combat antigens, eliminate 

microorganisms, and repair damaged tissues. This process involves the 

participation of vascular and inflammatory cells such as leukocytes and 

macrophages, which play a crucial role in destroying invading 

microorganisms (antigens) during inflammation. Lymphocytes 

contribute to wound healing by producing lymphokines, which 

influence the behavior of other cells involved in the inflammatory 

process.5,6 
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Interleukin-6 (IL-6) is a type of lymphokine that regulates the quantity 

and activity of various inflammatory cells involved in the inflammation 

process. IL-6 is a pleiotropic cytokine with diverse effects. It acts as 

both a pro-inflammatory and anti-inflammatory cytokine. As an anti-

inflammatory agent, IL-6 stimulates the production of tissue-degrading 

matrix metalloproteinases and inhibits the synthesis of pro-

inflammatory cytokines, such as IL-1β and tumour necrosis factor 

(TNF). IL-6 also functions as a pro-inflammatory cytokine, inducing 

reparative responses during inflammation. However, excessive 

activation of pro-inflammatory signalling pathways can interfere with 

wound healing and increase the risk of infection.7,8 

Interleukin-10, a widely recognized anti-inflammatory cytokine, plays 

a pivotal role in minimizing scar formation. IL-10 is synthesized and 

secreted by nearly all components of the immune systems, including 

granulocytes (neutrophils), mast cells, keratinocytes, and endothelial 

cells.9 As an anti-inflammatory mediator, IL-10 inhibits the production 

of several cytokines, such as TNF, IL-1, chemokines, and IL-12, while 

also suppressing macrophage activity that supports T-cell activation 

during the wound healing process. IL-10 activity results in the 

suppression of both non-specific and specific anti-inflammatory 

responses mediated by T-cells. This dual action has earned IL-10 the 

designation of "cytokine synthesis inhibitory factor" as well as "anti-

inflammatory cytokines."10 Indonesia is a vast archipelago comprising 

over 17,000 islands, boasts a rich abundance of marine resources, with 

more than 75% of its territory covered by water. Among these resources 

is Stichopus hermanii, a marine species found particularly around 

Selayar Island that is valued as a human food source. Stichopus 

hermanii is a sea cucumber species that was originally described by the 

taxonomist Jean-Baptiste Lamarck in 1816. The species is part of the 

family Stichopodidae.11-13 Stichopus hermanii is recognized as a food 

rich in polyanions, particularly glycosaminoglycans (GAGs) which 

have been shown to aid wound healing. As the largest producer 

of Stichopus hermanii, Indonesia holds significant potential for 
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Glycosaminoglycans and collagen in Stichopus hermanii have been shown to support the wound-

healing process, and Indonesia is the largest producer of this species. This study aimed to 

investigate the anti-inflammatory effect of Stichopus hermanii extract gel as a novel natural, cost-

effective, and potentially more effective wound healing agent. This study employed a laboratory 

experimental design with a post-test-only control group to evaluate the effects of Stichopus 

hermanii extract on IL-6 and IL-10 expression in oral ulcers of Rattus norvegicus. The 

experimental groups included a positive control group (Kenalog in Orabase), negative control 

group (carboxymethyl cellulose, or CMC), and treatment groups which were administered 

Stichopus hermanii extract gel at concentrations of 80%, 40%, and 20%. Treatments were applied 

twice daily for 10 days following ulcer would incision in rats. Interleukin-6 (IL-6) and Interleukin-

10 (IL-10) levels were determined by enzyme-linked immunosorbent assay (ELISA) following 

the manufacturer’s instruction. The results demonstrated that Stichopus hermanii extract at 80% 

concentration produced the greatest reduction in IL-6 and the highest increase in IL-10 expression 

levels, suggesting its efficacy in enhancing the wound healing process of oral ulcers. This findings 

therefore revealed the potential of Stichopus hermanii extract as an alternative therapy for oral 

inflammation. 
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harnessing this marine resource to advance natural and effective wound 

healing solutions.14 

Rattus norvegicus is a well-established rodent model for studying oral 

ulcers and wound healing processes because its oral anatomy and 

healing responses closely resemble those observed in humans. In this 

study, the effects of the extract on key inflammatory mediators, such as 

IL-6 and IL-10, which are critical in regulating the wound healing 

cascade was investigated in Rattus norvegicus. Additionally, this model 

provides a consistent and controlled experimental framework for 

systematically evaluating the anti-inflammatory properties of varying 

concentrations of Stichopus hermanii extract, offering valuable insights 

to guide future clinical research. This study is a novel investigation into 

the potential of Stichopus hermanii from Selayar Island, Indonesia.   

This study explored the wound healing properties of Stichopus 

hermanii, a species commonly found in Indonesia.  It focused on the 

roles of IL-6 as a pro-inflammatory cytokine and IL-10 as an anti-

inflammatory cytokine in the context of oral wound healing. Targeting 

these specific pathways represents an innovative therapeutic approach, 

particularly considering the anti-inflammatory properties of Stichopus 

hermanii. This highlights a promising opportunity to develop natural, 

cost-effective, and potentially more effective wound-healing therapies, 

leveraging the abundant availability of Stichopus hermanii in 

Indonesia. 

 

Materials and Methods  
 

Collection and identification of Stichopus hermanii 

The sea cucumber Stichopus hermanii was colleed in in January 2024 

from a local market in the Bontoharu District, Selayar Island, Indonesia 

(GPS: coordinate: -6.133830, 120.457656).  The species was identified 

based on morphological characteristics and confirmed by Asmawati 

Amin, Laras Panca Sakti dan Ogilvin Maria Wulandari, in accordance 

with the guidelines described by the local fishermen. 

 

Preparation of Stichopus hermanii extract 

Fresh sea cucumbers (Stichopus hermanii) were cleaned, cut into small 

pieces, and separated from unwanted parts before weighing to 

determine their net weight. The sea cucumbers were then oven-dried at 

100oC for 24 h. After drying, the sample was macerated with 500 mL 

of methanol in a maceration vessel for 48 h, The maceration solution 

was filtered through a filter paper to separate the filtrate from the 

residue. The methanol extract was concentrated using a rotary 

evaporator at 40oC and then dissolved in carboxymethyl cellulose 

(CMC) to form a gel, which could be applied topically to test animals. 

 

Animals 

Twenty-five (25) male Rattus norvegicus with average weight of 250 g 

were obtained from a local farm. The rats were housed in cages with 

wood shavings for bedding and placed in a temperature-controlled room 

at 22 ± 2°C with a 12-hour light/dark cycle. They were provided a 

standard rodent diet and had access to water ad libitum. Food and water 

were replaced daily and the cages were cleaned three times a week to 

ensure a clean and hygienic environment. Prior to the start of the 

experiment, the rats were acclimatized to the laboratory conditions for 

seven days to allow them to adjust to their environment and minimize 

stress or other confounding factors. The housing and husbandry 

conditions were carefully designed to provide a comfortable and 

enriched environment, supporting the animals' health and well-being 

throughout the study period.  

 

Ethical approval 

The ethical approval with reference number 

157/UN4.6.4.5.31/PP36/2023 was obtained from the ethics committee 

of Hasanuddin University Dr. Wahidin Sudirohusodo Hospital. 

 

Study design 

Twenty-five male rats were divided into five groups of 5 animals each. 

The groups are as follows: 

Group 1 (Positive control): Rats with oral ulcer treated with Kenalog 

gel. 

Group 2 (Negative control): Rats with oral ulcer treated with CMC base. 

Group 3: Rats with oral ulcer treated with 20% Stichopus hermanii 

extract gel.  

Group 4: Rats with oral ulcer treated with 40% Stichopus hermanii 

extract gel. 

Group 5: Rats with oral ulcer treated with 80% Stichopus hermanii 

extract gel. 

 

Initial blood sample collection 

The animals were anesthetized using ether anaesthesia. Blood samples 

were collected using capillary tubes and transferred into tubes 

containing EDTA as an anticoagulant. 

 

Induction of incision wounds 

A 1 cm long, 1 mm deep incision was made on the gingival area of the 

rat using a sterile, disposable scalpel under ether anesthesia. Any blood 

that emerged was gently washed with distilled water. 

 

Application of Stichopus hermanii extract to animals  

The wounds were treated according to the predetermined groups, with 

Stichopus hermanii extract gel applied twice a day to the incision area 

for 8-9 hours over a period of ten days. The gel was applied at graded 

concentrations: 80%, 40%, and 20% as indicated in the grouping above. 

Kenalog in Orabase served as the positive control, while CMC gel base 

was used as the negative control. 

Following the experimental procedures, animals were anesthetized to 

minimize pain and distress. They were closely monitored for any signs 

of discomfort or complications and received appropriate analgesics and 

veterinary care to ensure their well-being and promote optimal 

recovery. Housing conditions were maintained at the highest animal 

welfare standards, with access to food and water ad libitum and 

environmental enrichment to support the animals' physiological and 

behavioral needs during the postoperative period. 

 

Blood sample collection  

Blood samples were collected one hour after incision and 24 h after 

applying the extract gel to each group to assess the IL-6 expression 

levels. IL-10 levels were measured on the first, third, and fifth day 

following the application of the extract gel in each group. Blood was 

drawn from the eyes of the rats and immediately after collection, it was 

placed in a tube containing the anticoagulant EDTA. A 0.5 mL EDTA 

tube was used for this purpose, as EDTA is effective in preserving the 

stability of most inflammatory biomarkers when blood is stored in a 

refrigerator.15 The samples were then centrifuged at 3000 rpm for 15 

minutes at 2-8°C. If there was a delay in testing, the separated plasma 

was stored at -70°C until analysis. 

 

IL-6 and IL-10 expression levels 

The levels of Il-6 and Il-10 expressions were determined using the 

enzyme-linked immunosorbent assay (ELISA) according to the 

manufacturer’s instruction. 

Statistical analysis 

Data were analyzed using a paired sample T-test in SPSS statistics 

version 27, with a significance level set at p < 0.05. Differences between 

the estimated means and true values were tested at α = 5%. 

 

Results and Discussion 
 

Effect of Stichopus hermanii extract on IL-6 and IL-10 expression levels 

This study evaluated the effect of Stichopus hermanii extract on IL-6 

and IL-10 expressions in post-incision wound Rattus norvegicus. There 

was a significant difference in IL-6 expression between the control and 

80% Stichopus hermanii extract treatment groups. IL-6 analysis 

revealed that all groups, except the negative control, experienced a 

decrease in serum IL-6 levels. Table 1 illustrates the difference in IL-6 

expression before and after treatment in all groups treated with 

Stichopus hermanii and in the control group. The results indicated that 

Stichopus hermanii, particularly at concentrations of 40% and 80%, 

significantly reduced IL-6 expression after treatment compared to the 

negative control. 
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Table 1: Mean Il-6 levels before and after treatment 

Treatment 

Group 

Timing of 

Observation 
n Mean + SD 

p-

value 

SH 20% 

  

Before 

Application 
5 

8.32 + 1.29 

0.675  
After Application 

(24h) 
5 

8.24 + 1.19 

SH 40% 

Before 

Application 
5 

7.20 + 1.29 

0.152 
After Application 

(24h) 
5 

6.17 + 0.96 

SH 80% 

Before 

Application 
5 

8.22 + 1.91 

0.016 
After Application 

(24h) 
5 

6.60 + 1.51 

Control (+)  

Before 

Application 
5 

8.92 + 1.26 

0.013 
After Application 

(24h) 
5 

7.35 + 1.20 

Control (-) 

Before 

Application 
5 

8.89 + 1.22 

0.011 
After Application 

(24h) 
5 

9.39 + 1.19 

SH: Stichopus hermanii 

 

On the other hand, the anti-inflammatory effect of Stichopus hermanii 

extract was assessed by measuring interleukin 10 (Table 2) level in the 

plasma samples of Rattus norvegicus on the initial day, and on the third 

and fifth days using the ELISA method. The results showed an increase 

in IL-10 expression across all groups, with the greatest increase 

observed in the group treated with the 80% Stichopus hermanii extract, 

although there was no statistically significant difference. The results 

show that treatment with Stichopus hermanii, particularly at higher 

concentrations (80%), significantly increased IL-10 expression from 

day 3 to day 5, compared to the control group. 

 

Table 2: Mean IL-10 on the third and fifth days 

SH: Stichopus hermanii 

 

These findings highlight the promising anti-inflammatory properties of 

Stichopus hermanii extract in oral ulcer. By examining the modulation 

of key cytokines IL-6 and IL-10 in a Rattus norvegicus model, the 

results offer valuable insights into the mechanisms by which this 

natural, marine-derived compound may exert its therapeutic effects. 

The use of Rattus norvegicus as an experimental model was justified, 

as these animals exhibit wound-healing responses analogous to those 

observed in humans, making them an ideal model for studying the 

biological activities of Stichopus hermanii extract.  

The healing process of an oral ulcer involves several phases including 

hemostasis, inflammation, proliferation, and remodeling. When an 

ulcer occurs, the body's response to wound healing, which consists of 

three stages, enables wound closure to prevent microbial invasion or 

infection of foreign agents into the tissue and prevent chronic infection 

formation.15 Lymphocytes are at the center of the cellular immune 

system and play an essential role in the inflammatory process by 

destroying microorganisms that enter the body (antigens) and forms 

antibody immunity in the form of immunoglobulins. Lymphocytes 

release lymphokines, which trigger other inflammatory cell 

populations. Some released lymphokines can stimulate macrophage 

aggregation during the wound healing process. In addition to 

macrophages, IL-10 is secreted by lymphocytes.5 

IL-6 is a versatile pro-inflammatory cytokine strongly associated with 

both local and systemic inflammatory processes.15 It is produced by T 

cells, B cells, and macrophages, and has diverse biological effects. IL-

6 plays a crucial role in regulating the activation of B cell immune 

responses, immunoglobulin production, and T-lymphocyte 

differentiation. As a confirmed pro-inflammatory cytokine, IL-6 is 

involved in various inflammatory conditions, including oral ulcers.16 

Anti-inflammatory interleukins, such as IL-10 and transforming growth 

factor-beta (TGF-β), are essential for limiting inflammation and 

preventing tissue damage. They inhibit the production of 

proinflammatory cytokines and promote the differentiation and 

activation of regulatory immune cells, which can help control immune 

responses and promote tissue repair.17 

The positive control used in this study was Kenalog in Orabase, which 

contains triamcinolone acetonide, a corticosteroid that helps reduce 

inflammation and relieves symptoms, such as pain and swelling in the 

mouth. Kenalog in Orabase is specifically formulated as an emollient 

dental paste (Orabase), allowing it to adhere well to the gingiva and oral 

mucosa. This anti-inflammatory treatment effectively alleviates the 

inflammation associated with oral ulcers and other inflammatory 

lesions.18,19 

The results indicated that Sthicopus hermanii extract reduced IL-6 

levels in the healing of oral ulcers in Rattus norvegicus. This is evident 

from the significant differences observed between the groups. The 

lowest IL-6 levels were found in the Stichopus hermanii 80% group, 

suggesting that the highest effectiveness was achieved with this 

concentration. The IL-6 levels in the positive control group, treated with 

Kenalog in Orabase, further support that the 80% Stichopus hermanii 

extract is the optimal anti-inflammatory dose, based on the reduction of 

IL-6 expression. 

In line with this study, the research by Zohdi et al. (2011)20 also showed 

that Stichopus hermanii extract significantly modulated the wound 

inflammatory response by reducing pro-inflammatory cytokines, 

including IL-6.20 The initial wound-healing action observed in this 

study can be partly attributed to the early reduction of inflammatory 

responses. The anti-inflammatory and antioxidant properties of 

Stichopus hermanii can be considered as a primary mechanism 

regulating inflammatory reactions. A decrease in pro-inflammatory 

cytokines may lead to fewer neutrophils and macrophages being 

recruited to the wound and fewer cytokines being released to provide 

conditions that allow the wound healing process to continue. Excessive 

production of pro-inflammatory cytokines may lead to the progression 

of advanced tissue damage. Additionally, this study is in agreement with 

the findings from the study of Damayanti (2015) which showed that rats 

treated with 80% Stichopus hermanii extract had the most significant 

reduction in ulcer diameter and the highest expression of type I collagen 

compared to the 40% and 20% concentrations.13  

Overall, this study suggests that Sthicopus hermanii enhances IL-10 

levels during Rattus norvegicus gingival wound healing. This was 

evident from the average increase in IL-10 levels in the treatment group 

on days 3 and 5, which was higher than that in the control group. 

Flavonoids in Stichopus hermanii extracts are known for their strong 

anti-inflammatory properties. These flavonoids promote an increase in 

M2 macrophages, which in turn secrete anti-inflammatory cytokines, 

such as IL-10. Therefore, the increase in M2 macrophages leads to 

increased production of the anti-inflammatory cytokine, IL-10.21 

IL-10 plays a crucial role in the wound healing process by regulating 

and suppressing pro-inflammatory cytokine expression during the 

recovery phase of infection, thereby reducing the tissue damage caused 

by inflammatory cytokines. The group treated with 80% Stichopus 

hermanii extract gel showed the highest level of IL-10 compared to the 

other groups, indicating that this concentration is the optimal dose for 

its anti-inflammatory effects. Previous in vitro and in vivo studies have 

shown that Stichopus hermanii is non-toxic and can stimulate fibroblast 

growth factor-2 (FGF-2) in rats with traumatic ulcers. This is attributed 

to the presence of glycosaminoglycans (GAGs) and omega-3 fatty acids 

Treatment 

Group 

Day of 

Observation 
n Mean + SD 

p-

value 

SH 20% 
Day 3 5 83.81 + 20.55 

0.700 
Day 5 5 90.04 + 17.08 

SH 40% 
Day 3 5 81.55 + 36.07 

0.623 
Day 5 5 94.01 + 26.24 

SH 80% 
Day 3 5 93.51 + 33.03 

0.651 
Day 5 5 104.16 + 19.01 

Control (+)  
Day 3 5 81.38 + 16.43 

0.726 
Day 5 5 88.26 + 31.65 

Control (-) 
Day 3 5 71.64 + 22.29 

0.147 
Day 5 5 87.58 + 13.03 
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in Stichopus hermanii, which play a role in tissue remodeling. GAGs in 

Stichopus hermanii can act as inflammatory modulators, activating 

macrophages, which are essential for the wound healing process. These 

include hyaluronic acid, dermatan sulfate, chondroitin sulfate, heparin, 

and heparan sulfate, all of which are required for the wound healing 

process. Hyaluronic acid is essential in the early inflammatory process 

as it can increase inflammatory cell infiltration and pro-inflammatory 

cytokine products.6 

About 80% of the protein content of the ethanol extract of Stichopus 

hermanii is composed primarily of collagen. During the hemostasis and 

inflammation phases, collagen helps in the clotting process, attracts 

macrophages through chemotaxis, and aids in naturally resolving 

inflammation. During the proliferation phase, collagen forms a scaffold 

that unites fibroblasts and attracts them to the wound site. As a part of 

the matrix structure, it serves as a framework for new tissue growth. In 

the maturation phase, collagen strengthens new tissues and enhances 

the organization of specific collagen fibers during the remodeling phase 

of wound healing.22-27 

Stichopus hermanii is commonly found in the marine regions of 

Indonesia. The observed reduction in pro-inflammatory IL-6 levels and 

increase in anti-inflammatory IL-10 levels after treatment with 

Stichopus hermanii extract suggest that this natural substance has 

potential as a therapeutic agent for treating oral ulcers and other 

inflammatory conditions. These findings emphasize the need for further 

research, including studies on the relationship between dosage and 

response as well as the effects of the extract on other indicators of 

inflammation and healing. If these preclinical results can be 

successfully translated into clinical practice, they could lead to 

innovative therapies derived from natural sources. 

 

Conclusion 

Findings from this study has revealed the potential anti-inflammatory 

effect of Stichopus hermanii extract in ulcer wound healing. The 80% 

concentration of the extract was found to be the most effective in 

reducing IL-6 levels and increasing IL-10 levels. Therefore, Stichopus 

hermanii extract shows potential as an alternative therapy for oral 

inflammation. These findings highlight the need for further research, 

including studies on the relationship between dosage and response, as 

well as the effects of the extract on additional inflammatory markers 

and recovery. 
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