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concentrations of 10%, 15%, and 20%. Twenty-five male mice were randomly
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holothuria atra, different concentrations. Parameters observed included wound diameter
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' pain-related behavioral responses. The results demonstrated that the 15% H. atra

extract ointment produced the highest wound healing effectiveness, with a

wound contraction rate of 96% on day 14, followed by the 10% (84%) and 20%

(75%) formulations. Phytochemical analysis revealed the presence of

flavonoids, saponins, steroids, and alkaloids, which are associated with anti-

inflammatory, antimicrobial, and tissue regenerative activities. The ointment
formulations met homogeneity and organoleptic requirements, although their
spreadability values were below the recommended standard. These findings
highlight the novelty of identifying an optimal concentration (15%) of H. atra
extract ointment that provides superior burn wound healing activity compared
with other tested concentrations. In conclusion, the 15% H. atra extract ointment
shows potential as an alternative topical therapy for second-degree burn wounds.
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INTRODUCTION

Burn injuries are defined as damage to skin tissue caused by various factors, including exposure to high
temperatures, electricity, radiation, chemical agents, and excessive sunlight (Pangayoman, 2023). Based on
the depth and severity of tissue damage, burn injuries are classified into first-degree burns (superficial
thickness), second-degree burns (partial thickness), and third-degree burns (full thickness) (Hayati, 2024).
According to the World Health Organization (WHO), burn injuries remain a significant global public health
problem, causing approximately 180,000 deaths each year, with the majority of cases occurring in low- and
middle-income countries, particularly in Africa and Southeast Asia (WHO, 2023). In Indonesia, the prevalence
of burn injuries is reported to reach 2.2%, with most incidents occurring in domestic environments and
affecting females more frequently than males (Syahabuddin et al., 2023). Pain associated with burn injuries is
categorized as acute pain and, if not adequately managed, may exacerbate inflammatory responses, delay
wound healing, increase the risk of nosocomial infections, and potentially contribute to higher mortality rates
(Yudhanarko et al., 2019). Therefore, appropriate and timely management, including the rational use of
antibiotics, is essential in preventing infection in burn wounds. However, irrational antibiotic use, such as
inappropriate drug selection, dosage, or duration of therapy, may contribute to the emergence of antibiotic
resistance (Putra, 2021).

Sea cucumbers are marine invertebrates widely distributed in Indonesian waters and have long been
utilized as traditional remedies for wound healing in East and Southeast Asian countries. These organisms
contain various secondary metabolites that play important roles in tissue regeneration and wound repair
processes, particularly triterpene glycosides (saponins) and glycosaminoglycans (Arfani et al., 2021). One
species that has not been extensively utilized is the black sea cucumber, Holothuria atra, which contains several
bioactive phytochemical compounds, including saponins, flavonoids, phenolic compounds, and alkaloids.
Previous studies have demonstrated that extracts of Holothuria atra exhibit antibacterial activity against
pathogenic bacteria such as Escherichia coli and Staphylococcus aureus, suggesting its considerable potential
for biomedical and pharmaceutical applications (Dwichayani, 2018).

The development of topical dosage forms derived from natural products has attracted increasing
attention in wound management research. Among these formulations, ointments are widely used because they
are semi-solid preparations that are easy to apply to the skin surface and can provide prolonged contact
between the active compound and the wound area. Ointments also help maintain moisture at the wound site,
improve skin hydration, and facilitate the penetration of bioactive compounds into the damaged tissue (Davis
etal., 2021). These characteristics make ointment formulations particularly suitable for burn wound treatment,
where maintaining a moist environment is essential to support the healing process. Burn wound healing is a
complex biological process that involves several overlapping phases, including inflammation, proliferation,
and tissue remodeling. During the inflammatory phase, immune cells migrate to the wound site to eliminate
pathogens and damaged tissues. This phase is followed by the proliferative phase, characterized by fibroblast
proliferation, collagen deposition, and angiogenesis, which collectively contribute to the formation of new
tissue. Finally, the remodeling phase occurs, during which the newly formed tissue undergoes maturation and
strengthening. Bioactive compounds present in marine organisms such as Holothuria atra are believed to
support these processes through their antimicrobial, antioxidant, and anti-inflammatory activities.

MATERIALS AND METHOD

This study was conducted at the Biology Laboratory, Universitas Negeri Manado, from January to
October 2025. The experimental animals used in this study were 25 male mice (Mus musculus), aged 7-8
weeks with body weights ranging from 20-30 g. Male mice were selected to avoid the influence of hormonal
fluctuations on the wound healing process. The animals were housed in plastic cages measuring 20 x 30 x 15
cm with rice husk bedding and were provided with standard feed and drinking water ad libitum. The number
of experimental animals was determined using Federer’s formula, resulting in five treatment groups with five
mice in each group. The instruments used in this study included digital and analytical balances, a 1 x 1 cm
iron plate, a hot plate, a mortar and pestle, beaker glasses, 1 cc syringes, cotton buds, microscope slides, Petri
dishes, sterile gauze, and a pH meter. The materials consisted of sea cucumber (Holothuria atra) extract, white
petrolatum (vaselin album), lanolin, 1% silver sulfadiazine, anesthetic agents (Castran® and J-PRO), 70%
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ethanol, phytochemical screening reagents (Mayer, Dragendorff, Wagner, FeCls, Mg, HCI, and H.SO.), and
distilled water.

This study employed a Completely Randomized Design (CRD) consisting of five treatment groups: a
positive control (1% silver sulfadiazine), a negative control (no treatment), and three treatment groups
receiving Holothuria atra extract ointment at concentrations of 10%, 15%, and 20%. Quantitative analysis
was conducted by measuring burn wound diameter, while qualitative analysis included physical evaluation of
the ointment and phytochemical screening. The Holothuria atra extract was obtained through maceration and
concentrated using an evaporator by a previous researcher. The ointment was formulated using vaselin and
lanolin as the base at concentrations of 10%, 15%, and 20%, then mixed until homogeneous and stored in
closed containers. The mice were acclimatized for seven days, after which the dorsal hair was removed over
an area of 3 x 3 cm. A second-degree burn wound was induced by applying a heated iron plate to the dorsal
skin for 5 seconds following anesthesia. Treatment was administered twice daily for 14 days according to the
respective treatment groups. Observations were conducted on days 3, 7, and 14 based on changes in wound
diameter and visual wound characteristics. The percentage of wound healing was calculated using the

following formula:

P% =" x 100%

where (d:) is the wound diameter on day 1 and (d) is the wound diameter on the observation day.

Physical Evaluation of the Ointment and Phytochemical Screening. The physical evaluation of the
ointment included homogeneity, organoleptic properties, spreadability, and pH tests. Phytochemical screening
was conducted to identify the presence of flavonoids, steroids/triterpenoids, alkaloids, saponins, and tannins
using standard reagents.

Behavioral Response Observation. Pain responses were observed through changes in mice behavior before
and after treatment on days 3, 7, and 14.

Data Analysis. The data were analyzed using One Way ANOVA followed by Duncan’s multiple range test.
If the data were not normally distributed or homogeneous, the Kruskal-Wallis test was applied, followed by
the Mann—Whitney test using SPSS IBM 20.

RESULTS AND DISCUSSION

Phytochemical Screening. In a series of tests conducted to identify the bioactive constituents of Holothuria
atra, the results demonstrated that the extract contained several active compounds, including flavonoids,
steroids, alkaloids (detected using Dragendorftf’s reagent), and saponins. In contrast, the presence of tannins
and triterpenoids was not detected in the extract. Phytochemical results can be seen in Figure 1 below.
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Flavonoids  Steroids Mayer Dragendorff Wagner Saponins Tannins
Figure 1. Phytochemical Screening Results

Phytochemical screening is an essential preliminary step in natural product research, as it allows
researchers to identify the major classes of secondary metabolites present in biological extracts. These
metabolites often play significant roles in various biological activities, including antioxidant, antimicrobial,
anti-inflammatory, and wound-healing effects. In marine organisms such as Holothuria atra, phytochemical
screening is particularly important because marine invertebrates are known to produce a wide range of unique
bioactive compounds as part of their defense mechanisms and physiological adaptations to their environment.
The results of the phytochemical analysis revealed the presence of several important bioactive compounds in
the extract, namely flavonoids, steroids, alkaloids, and saponins. The detection of alkaloids using
Dragendorff’s reagent indicates the formation of an orange to reddish precipitate, which confirms the presence
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of nitrogen-containing secondary metabolites. Alkaloids are well known for their diverse pharmacological
properties, including antimicrobial, analgesic, and anti-inflammatory activities. The presence of these
compounds suggests that the extract of Holothuria atra may possess significant biological potential that could
be explored for therapeutic applications.

Flavonoids and saponins detected in the extract also contribute to the potential biological activities of the
organism. Flavonoids are widely recognized for their strong antioxidant capacity, which plays an important
role in neutralizing free radicals and protecting tissues from oxidative stress. This property is particularly
relevant in the wound-healing process, as oxidative stress can delay tissue regeneration. Meanwhile, saponins
are known for their ability to enhance immune responses, promote cell proliferation, and exhibit antimicrobial
effects, all of which are beneficial in accelerating tissue repair and preventing infection in damaged tissues. In
addition, the presence of steroid compounds in the extract indicates potential anti-inflammatory activity, which
is crucial in the early stages of wound healing. Steroids may help regulate inflammatory responses and support
the stabilization of cell membranes during tissue recovery. On the other hand, the absence of tannins and
triterpenoids in the extract suggests that these compound classes may not be present in significant
concentrations in the tested sample or may require different extraction methods for detection. Overall, the
phytochemical screening results highlight that the extract of Holothuria atra contains several bioactive
compounds that may contribute to its pharmacological potential, particularly in supporting wound healing and
other therapeutic applications.

Table 1. Phytochemical Screening Results

Bioactive Reagents Observation Result
Compounds
. Concentrated Formation of red- o
J’_
Flavonoids HCl1+0.2 g Mg colored solution Positive (+)
Steroids/ Sulfuric  acid Steroids:  green- .
Triterpenoids (H:S04) colored solution Positive (+)
P 2o observed
Triterpenoids: no
red/orange .
coloration Negative ()
observed
. 2 N H.SOs +  No white/yellow .
Alkaloids Mayer reagent precipitate formed Negative ()
2 N H2SO. + ..
Dragendorff Red ~ precipitate Positive (+)
formed
reagent
2 N H.SOs4 + No brown Negative (-)
Wagner reagent precipitate formed ceative
. Stable foam
Saponins Distilled - water persisted for 3 Positive (+)
+ HCl .
minutes
No green, blue, or
Tannins FeCls 1% purple color Negative (—)
change

Flavonoids act as potent antioxidants by scavenging free radicals generated during the inflammatory
phase of wound healing, thereby preventing further tissue damage. In addition, flavonoids inhibit pro-
inflammatory enzymes such as cyclooxygenase (COX) and lipoxygenase (LOX), which contributes to the
reduction of edema and erythema at the wound site (Maharani et al., 2021). Steroids possess astringent and
antimicrobial properties, as well as anti-inflammatory and analgesic activities, which contribute to wound
healing by preventing prolonged inflammation (Samodra, G., & Kaaffah, S., 2024). Furthermore, steroids
support wound repair by enhancing tensile strength and promoting collagen synthesis (Gohil, 2010). Alkaloids
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are known for their analgesic and antimicrobial activities, which contribute to pain reduction and the
prevention of bacterial infection at the wound site. The presence of alkaloids in wound formulations has also
been reported to accelerate epithelial cell migration and tissue regeneration (Laila et al., 2025). Saponins
possess cleansing and antiseptic properties that contribute to the elimination of pathogens and the inhibition
of microbial growth commonly present in wounds, thereby reducing the risk of severe infection. (Mawarsari,
2015).

Homogeneity. The homogeneity test results showed that all ointment formulations exhibited homogeneous
characteristics, which represent an important indicator of formulation quality. Homogeneity reflects the
uniform distribution of active ingredients and excipients, thereby ensuring therapeutic effectiveness,
application comfort, and product aesthetic quality (Suryani et al., 2024).

Table 2. Results of Ointment Homogeneity Test

Formula Test Result

K3 No coarse particles observed
K4 No coarse particles observed
K5 No coarse particles observed

Caption: K3: Mice treated with 10% sea cucumber (Holothuria atra) ointment, K4: Mice treated with 15% sea cucumber (Holothuria
atra) ointment, K5: Mice treated with 20% sea cucumber (Holothuria atra) ointment.

Organoleptic. The ointment formulations produced were semisolid in nature and exhibited three nearly similar
colors. This variation is attributed to differences in extract concentration, as higher extract concentrations result
in a more intense or brighter ointment color, which may serve as a visual indicator of product consistency and
quality. Hydrocarbon-based ointments, such as those containing petrolatum or paraffin, offer advantages in
maintaining wound moisture and reducing water evaporation from the skin surface. Such formulations have
been shown to effectively retain active compounds, including flavonoids, tannins, and saponins, at the wound
site, thereby prolonging their duration of action to support re-epithelialization and collagen formation (Wijaya
et al., 2014; Maharani et al., 2021). Stable moisture at the wound surface has also been demonstrated to
enhance fibroblast proliferation and collagen synthesis during the wound healing process (Rustiani et al.,
2022).
Table 3. Results of Ointment Organoleptic Test

No Formula Texture Color Odor
Semi- Pale Characteristic
1 K3 .
solid orange extract odor
Semi- Bright Characteristic
2 K4 .
solid orange extract odor
Semi- Neon Characteristic
3 K5 .
solid orange extract odor

Caption: K3: Mice treated with 10% sea cucumber (Holothuria atra) ointment, K4: Mice treated with 15% sea cucumber (Holothuria
atra) ointment, K5: Mice treated with 20% sea cucumber (Holothuria atra) ointment.

Spreadability of the Ointment. An ointment preparation that is comfortable for topical application should
have a spreadability of 5—7 cm, as adequate spreadability allows rapid contact between the drug and the skin
(Hernawan et al., 2020). The results of the spreadability test showed that the 10% formulation had an average
spreadability of 3.43 cm. The 15% formulation exhibited an average spreadability of 3.63 cm, while the 20%
formulation produced an average spreadability of 3.37 cm. Therefore, when these values are compared with
the standard spreadability range considered comfortable for skin application (5-7 cm), it can be concluded that
none of the formulations met the required spreadability criteria for ointment preparations.
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Table 4. Results of Ointment Spreadability Test

Formula Replication Spreadability (cm) Mean £ SD (cm)
K3 1 3.1
2 3.5 343 +£0.31
3 3.7
K4 1 3.9
2 3.4 3.63 +0.25
3 3.6
K5 1 34
2 3.1 3.37+0.25
3 3.6

Caption: K3: Mice treated with 10% sea cucumber (Holothuria atra) ointment, K4: Mice treated with 15% sea cucumber (Holothuria
atra) ointment, K5: Mice treated with 20% sea cucumber (Holothuria atra) ointment.

pH. Based on the pH testing, the 10% formulation exhibited a pH value of 6.58, indicating that it falls within
the acceptable pH range for human skin. In contrast, the 15% and 20% formulations showed pH values of 6.78
and 6.86, respectively, which do not fully meet the criteria for skin-compatible pH. Although these values are
not far from the normal range, they tend to approach alkaline conditions, which may cause discomfort or
irritation, particularly in sensitive skin (Suryani et al., 2024).

K5
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Figure 2. Results of Ointment pH Test

Based on the pH testing results, the formulation containing 10% extract showed a pH value of 6.58, which
is relatively close to the physiological pH of the skin. This indicates that the formulation has good potential
for topical application because it is less likely to disrupt the natural acid mantle of the skin. The acid mantle
plays a crucial role in protecting the skin from pathogenic microorganisms and environmental contaminants.
Therefore, a formulation with a pH that closely matches the natural skin environment can help maintain skin
balance and support the healing process. In contrast, the formulations containing 15% and 20% extract
exhibited slightly higher pH values of 6.78 and 6.86, respectively. Although these values are still relatively
close to the normal skin pH range, they tend to shift toward slightly alkaline conditions. An increase in pH
toward alkalinity may potentially disturb the skin barrier function and reduce the effectiveness of certain
natural defense mechanisms of the skin. As a result, individuals with sensitive skin may experience mild
irritation, dryness, or discomfort when using formulations with higher pH levels.

The increase in pH observed in the higher concentration formulations may be influenced by the chemical
characteristics of the extract or the interaction between the extract and other components of the formulation.
Higher concentrations of bioactive compounds can sometimes alter the overall chemical balance of the product,
leading to slight changes in acidity or alkalinity. Therefore, optimization of the formulation is necessary to
maintain a pH level that remains within the acceptable range for topical applications while still preserving the
therapeutic benefits of the active ingredients (Suryani et al., 2024).
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Table 5. Results of Ointment pH Test

No Formula pH (Acidity
Level)
1. K3 6.58
2. K4 6.79
3. K5 6.86

Caption: K3: Mice treated with 10% sea cucumber (Holothuria atra) ointment, K4: Mice treated with 15% sea cucumber (Holothuria
atra) ointment, K5: Mice treated with 20% sea cucumber (Holothuria atra) ointment

Effectiveness of Holothuria atra Extract Ointment in Burn Wound Healing in Mice. The effectiveness test of
the prepared ointment variations, the ointments were applied daily from the first day to the fourteenth day,
with a 12-hour interval, twice a day.
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Figure 3. Wound Healing Percentage

Caption: K1: Negative control treated with 1% silver sulfadiazine, K2: Negative control without treatment, K3: Mice treated with 10%
sea cucumber (Holothuria atra) ointment, K4: Mice treated with 15% sea cucumber (Holothuria atra) ointment, K5: Mice treated with
20% sea cucumber (Holothuria atra) ointment.

On the third day of observation, all treatment groups still exhibited relatively similar wound conditions,
as the percentage of burn wound healing in K1, K2, K3, K4, and K5 remained at 0%. This finding is consistent
with the characteristics of the early phase of wound healing, during which tissue regeneration has not yet
occurred significantly. On the seventh day of observation, wound healing progression became clearly apparent
in several groups. The positive control group (K1) showed a relatively high healing improvement of 32%. The
K2 group, which did not receive any ointment or healing agent, exhibited the lowest improvement, at 16%.
The K3 group treated with H. atra ointment demonstrated comparable results to the positive control, with a
healing percentage of 32%. The K4 group recorded a healing percentage of 30%, while the K5 group showed
alower progression of 18%. By the fourteenth day of observation, all groups exhibited a much more significant
improvement in wound healing. The positive control group (K1) continued to show very high results, with a
healing percentage of 94%. The K4 group treated with H. atra ointment demonstrated the highest healing
percentage, reaching 96%. Meanwhile, the K3 group achieved a healing rate of 84%, and the K5 group reached
76%. In contrast, the negative control group (K2), which did not receive any ointment treatment, showed the
lowest healing percentage, at 58%.
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Behavioral Response. Based on the research findings, the mean values observed before drug administration
tended to be higher than those recorded after treatment. One possible contributing factor to this difference is
the increased stress level experienced by mice when they were transferred for treatment administration. This
finding is consistent with the study by Gouveia and Hurst (2017), which reported that handling mice using a
cupped-hand method can reduce anxiety and improve animal-handler interaction compared to tail handling.
Therefore, during ointment application, the experimental animals were handled using the cupped-hand
technique, which helped maintain a calmer state throughout the treatment process. Following drug
administration, the mice exhibited more relaxed behavior. This condition may also be influenced by variations
in drug formulations, as different formulations can affect behavioral outcomes, pain assessment, and pain
management in animal studies, considering the potential adverse effects associated with the drugs used
(Suryani et al., 2024). The Kruskal-Wallis test revealed significant differences in wound healing over time (p
< 0.001). Mean ranks were 60.90 on day 3, 39.60 on day 7, and 13.50 on day 14, indicating a gradual and
significant improvement in wound condition from day 3 to day 14.

CONCLUSION

Wound healing over 14 days demonstrated that the ointment containing 10% Holothuria atra extract (K3)
produced a final healing rate of 84%, the 15% concentration (K4) showed an effectiveness of 96%, and the
20% concentration (K5) showed an effectiveness of 76%. Wound healing in the positive control group treated
with silver sulfadiazine reached 94%, while the negative control only achieved 58%. These results indicate
that the most effective concentration for burn wound healing using Holothuria atra extract is 15%.
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