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ABSTRACT 

Objective: Astaxanthin is a natural compound that possesses a strong antioxidant activity. This substance demonstrates huge potential for both 
maintenance and therapy. Previous studies suggested this substance could be used as gel therapy for oral cavity ulcers. This research aims to explore the 
characterization and antioxidant properties of gel formulations or conducted skin safety assessments to evaluate the biocompatibility of astaxanthin gel. 

Methods: Characterization assessment of astaxanthin gel at concentrations of 0.1%, 0.5%, 1%, and 5%, measuring material viscosity, pH, 
homogeneity, spreadability, adhesiveness, and organoleptic qualities. Antioxidant assessment was carried out in vitro using the DPPH technique by 
observing the value of antioxidant inhibition (IC50). The acute skin sensitivity and irritation tests were performed in vivo, and the effects were for 
14 days. The result of observing clinical changes and the death of rats were noted. The irritation test is observed from the redness on the skin and 
scored using the Draize-FHSA scoring system and primary irritation index (PII). 

Results: Astaxanthin gel 0.1%, 0.5%,1%, and 5% have a viscosity value of 3250-3500, pH 7.7-7.85, homogeneous, with spreadability of 3.1-3.5 cm. 
Astaxanthin gel 1% has the maximum viscosity, pH range, and spreadability with adhesion duration is 3 min and 7 seconds. The IC50 test showed a 
value of<50 ppm. The gel exhibits no alterations in the skin, fur, eyes, or behavior of rats. The redness and edema score results in all groups are zero, 
indicating no irritation. 

Conclusion: The outcomes of this experiment show that 1% astaxanthin gel has the highest antioxidant impact compared to other concentrations. 
The acute skin toxicity and irritation tests revealed that this gel is acceptable in all concentrations. 
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INTRODUCTION 

The notion of biocompatibility has gained significant recognition, 
particularly in the domains of medicine and dentistry. Material is 
biocompatible and must not negatively impact the recipient [1]. The 
dental material we use for oral wound healing therapy is in gel form. 
Topical gels are adaptable owing to their capacity to integrate solid 
and liquid elements. They must be transparent, homogeneous, inert, 
non-adhesive, stable, non-irritating, possess appropriate viscosity, and 
exhibit antibacterial properties, assuring no interaction with other 
components [2]. Given the numerous benefits of this formulation, it is 
prudent to construct a gel with astaxanthin as the primary ingredient, 
owing to its notable antioxidant and anti-inflammatory properties. 

Astaxanthin, a xanthophyll derivative of carotenes, is a prominent 
carotenoid group that provides several health benefits due to its 
antioxidant capabilities and interaction with cell membranes. 
Astaxanthin is a carotenoid generated by bacteria, microalgae, and 
yeast, primarily by Haematococcus pluvialis [3]. Astaxanthin exhibited 
stronger antioxidant activity rather than such carotenoids as lycopene, 
lutein, and α,β-carotene. Xanthophylls and carotenes are two 
important types of carotenoids that provide various health benefits 
[4]. It exerts advantageous benefits on human wellness, such as 
reducing oxidative stress, inhibiting low-density lipoprotein (LDL) 
oxidation, enhancing immunological response, and possessing anti-
inflammatory and anti-aging qualities. Moreover, due to its primary 
function as a scavenger of ROS, or reactive oxygen species, and its 
antioxidant capabilities, astaxanthin is tenfold more potent compared 
to other defenders such as canthaxanthin, lutein, and zeaxanthin [5]. 

Research on the benefits of astaxanthin has been extensively 
studied. According to Aripin et al. research on the administration of 
astaxanthin, which is generated by Haematococcus pluvialis species, 
a concentration of 0,5% and 1% astaxanthin gel results in decreased 

ulcer diameter in traumatic ulcer rats model [6]. A previous study 
conducted by Andriani et al. found Astaxanthin gel 0.5% and 1% had a 
therapeutic impact in raising the number of neutrophils, macrophages, 
and fibroblasts on day 3, as well as fibroblast and collagen density on 
day 7 of the healing phase of an oral traumatic ulcer [7]. Nonetheless, 
we have not yet performed safety testing of the gel on the dermis. It is 
now obligatory to guarantee public confidence and detect risk issues. 
Consequently, toxicological screening is crucial for determining the 
possibility of intoxication [8]. 

Understanding astaxanthin's significant antioxidant properties and the 
fact that antioxidants can neutralize free radicals and reduce the 
possibility of oxidant damage, an antioxidant test utilizing astaxanthin 
incorporated in gel form is required. Antioxidant testing in gel 
formulations is essential, and toxicity testing is also vital to assess the 
safety of the gel for therapeutic usage. Therefore, this study was 
conducted to evaluate the characterization of the gel and measure the 
antioxidant value, acute skin sensitivity, and irritation test of 
astaxanthin gel with concentrations of 0.1%, 0.5%, 1%, and 5%. 

MATERIALS AND METHODS 

This research is an experimental laboratory (with in vitro and in 
vivo tests) with a one-shot case study design (post-test only group). 
The in vitro testing in this study is the antioxidant test using the 
DPPH method. In contrast, the in vivo test is conducted to assess the 
toxicity of the astaxanthin gel formulation at concentrations of 0.1%, 
0.5%, 1%, and 5%. Animal handling is carried out following ethical 
guidelines for animal research. Ketamine and xylazine are used to 
anesthetize the rat both before its termination and before its fur is 
trimmed. This research has received ethical approval from the 
Research Ethics Committee of the Faculty of Dentistry, Hang Tuah 
University (No. EC/080/KEPK-FKGUHT/IX/2024). 
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Materials 

Astaxanthin derived from green microalgae Haematococcus pluvialis 
in powder form, obtained from Indonesia (PT. Evergen). The powder 
was placed into plastic food storage bags weighing around 250g and 
frozen at-20 °C till usage. 

Gel preparations for test 

The gel base was made based on Sagar et al. (2020) [9]. Weigh the 
HPMC, add it to water, and stir until it dissolves and a gel forms. 
Then, add propylene glycol. Weigh the hyaluronic acid, dissolve it in 
water, and mix it into the gel. Weigh the astaxanthin and incorporate 
it into the gel divided into 0.1%, 0.5%, 1% and 5%. Dissolve the 
methylparaben in glycerin, then add it to the gel. Finally, check the 
characterization of the gel. The last stage is that the gel is packed in a 
tightly closed container and stored at room temperature. 

Characterization of gels 

Characterization evaluation of astaxanthin gel at concentrations of 
0.1%, 0.5%, 1%, and 5% was performed with five replications for 
each concentration. The assessments comprise:  

 Assessment of viscosity of the gel substance utilizing a viscometer 
(Ametek Brookfield, USA). Fifty milliliters of gel was introduced 
into a beaker, after which the viscometer spindle was positioned 
at the gel's center and activated at a speed of 100 rpm. The scale 
measurement is recorded once the rotation is stable. 

 pH assessment utilizing a pH meter (Amtast AMT20, Indonesia). 
Fifty milliliters of gel is deposited into a beaker, after which the 
pH meter's probe is positioned in the gel's center and activated; 
the pH measurement of the gel is subsequently documented. 

 Assessments of homogeneity, spreadability, and adhesion through 
visual examination of the gel formulation, focusing on consistent 
coloration and the absence of particulates. 0.5 g of gel was applied 
to a glass microscope slide and permitted to rest for 3 min. The 
spreadability was assessed both transversely and longitudinally 
and subsequently averaged. Concurrently, adhesion was 
evaluated by positioning 0.5 g of gel on a glass slide, overlaying it 
with another glass slide, and exerting a 1 kg weight for 3 min. The 
adhesion assessment was predicated on the duration necessary 
for the separation of the two glass slides. 

 The organoleptic evaluation included assessing the gel's color and 
odor. The color test is performed visually, whereas the odor test is 
performed by olfactory evaluation of the gel. 

Antioxidant test 

Antioxidant assay against free radicals utilizing the technique known 
as the DPPH (2,2-diphenyl-1-picrylhydrazyl) method, comprising 
five sample duplicates for each test. The antioxidant activity was 
assessed by generating a 0.06 mmol solution of 2.2-diphenyl-1-
picrylhydrazyl (DPPH) and then combining DPPH with methanol. 
The test solution was produced by soaking 10 mg of each specimen 
in methanol. The material was thereafter serially diluted with 
methanol p. a. Aquercetin solution served as the standard. 
Subsequently, 3.5 ml of DPPH solution was incorporated into 1 ml of 
methanol. The absorption value of the solution was quantified with a 
UV-Vis spectrophotometer at a wavelength of 517 nm. The 
antioxidant activity of the sample was assessed by introducing 4 ml 
of DPPH solution to 1 ml of each sample concentration. The solution 
was subsequently assessed for absorbance at the highest point 
wavelength. The absorbance value is afterward input into the 
formula for calculating the % inhibition of free radicals. IC50 
Calculation to determine the sample concentration that can inhibit 
50% of DPPH free radicals. This value is calculated by putting the 
computation results into linear regression [5]. 

Acute dermal test 

This test is based on OECD (2017) Test Guideline 402 for assessing 
acute skin toxicity using up to 3 Rats for each test. The treatment and 
control doses were evaluated on eighteen healthy (three per group), 
male wistar rats to avoid hormonal intervention, weighing 150-200g 
in each group. Before being treated, the rats were acclimatized for 7 d. 
Rats to be treated had their back fur shaved in 3x3 cm sections with a 

shaver and rested about an entire day before starting treatment. The 
test substance was administered by pouring it over shaved flesh. To 
prevent the liquid from evaporating, the treated skin region was 
covered with plastic, and the outermost layer was wrapped in gauze 
and plastered. Behavioral changes and physiological responses were 
observed at one, two, three, and four hours. Behavioral modifications 
and physiological responses were recorded at 1 h, 2 h, 3 h, 4 h, and 24 
h following treatment. Throughout the 24 h monitoring time, the 
plaster cast was removed, the skin was washed with water, and the 
alterations to the skin were documented. Monitoring was conducted 
until the fourteenth day post-treatment by quantifying the number of 
deceased rats and documenting clinical complaints [10]. 

Irritation test 

The test was carried out on fifteen healthy male Wistar rats 
weighing 150-200g (three per group). The fur on the animal's dorsal 
half was carefully shaved in 3x3 cm sections about 24 h before 
testing began. The assessment material was administered to the skin 
of the subject animal, with an untreated area functioning as a 
control. The test material was administered to a small skin region 
(about 6 cm²) and covered with gauze, secured with non-irritating 
tape. The test material was initially administered on gauze, which was 
subsequently positioned on the skin. Throughout the exposure 
duration, the gauze was maintained in gentle contact with the skin 
using a suitable semi-occlusive dressing. Animals were observed for 
14 d post-patch removal to evaluate the reversibility of effects. The 
animals were evaluated for erythema and swelling and scored at 60 
min, 24 h, 48 h, and 72 h post-patch removal. Following the initial test 
on one animal, the test location was assessed immediately following 
the patch's removal. The scoring utilizes the Draize-FHSA Scoring 
system to assess redness and swelling scores at 24 h, 48 h, and 72 h, 
which are subsequently gathered and averaged to determine the 
primary irritation index (PII) [11]. Irritation results based on 
classification according to the primary irritation index (PII) [12]. 

RESULTS AND DISCUSSION 

The previous study evaluated the anti-inflammatory properties of 
astaxanthin gel [6], and the current formulation we have refined for 
enhanced stability. The combination of mucoadhesive polymeric 
substances, including HPMC, HPEC, Carbomer 934, Na-CMC, 
benzocaine, gum tragacanth, and chitosan, serves in the formulation 
of medicament gels for the oral mucosa to extend the medication's 
contact duration that can increase formation of the protective layer, 
and giving moisture effects [13]. This characterization test is 
performed to assess the formulation by analyzing viscosity, 
homogeneity, spreadability, adhesiveness, pH to ascertain the gel's 
acidity and organoleptic qualities to verify the color and odor are 
acceptable to individuals. 

Table 2 shows the results of the characterization assessment of 
astaxanthin gel. The table indicates that the viscosity of the gels 
ranges from 3250-3500 cP (Centipoise) and 1% astaxanthin gel 
exhibits the maximum viscosity. Viscosity is a material feature of the 
formulation related to the gel's thicknesses. The greater viscosity of 
a formulation impedes medication dispersion [14]. Nevertheless, in 
terms of its value, the gel maintains a comparable viscosity and 
exhibits a spreading ability with a diameter range that is nearly the 
same. In-situ gel formation, influenced by temperature, pH, and UV 
irradiation, is attracting interest for its ability to decrease daily 
dosages, enhance biocompatibility, and offer cost-effectiveness [15]. 

The pH measurements range from 7.5 to 7.85 and it approached 
neutral pH. The best result of this study at 1% and 5% astaxanthin 
gel. The physiological pH of the oral cavity in healthy individuals 
varies from 6.8 to 7.8 [16]. The gel analysis outcomes indicate that 
the 1% and 5% astaxanthin gels are deemed reliable, although the 
0.1% and 0.5% amounts exceed that threshold marginally. All 
sample gels exhibit homogeneity with a spreadability range of 3.1-
3.5 cm, with 0.5% astaxanthin the widest, whereas optimal adhesion 
is achieved with 1% astaxanthin, lasting for 187 seconds or 3 min 
and 7 seconds. The mucoadhesion measurement is essential for the 
formulation and topical administration of the product to the oral 
mucosa. The effectiveness of gel formulation may be improved by 
increasing the stability of the formulation. However, quantitative 
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measurement is challenging due to the reduced adhesive bonding 
strength [17]. The incorporation of astaxanthin results in a 

modification of color and the distinctive odor associated with 
astaxanthin and it remains appropriate. 

  

Table 1: Draize-FHSA scoring system and primary irritation index (PII) [11, 12] 

Draize-FHSA scoring system  
Erythema and eschar formation  Score 
No erythema present 0 
Minimal erythema (seldom noticeable) 1 
Finely delineated erythema 2 
Moderate to severe erythema 3 
Severe erythema (intense redness) to minimal eschar formation (deep tissue damage) 4 
Edema formation Score 
No edema present 0 
Minimal edema (seldom noticeable) 1 
Slightly edema (boundaries of the area distinctly elevated) 2 
Moderate edema (around 1 mm elevation) 3 
Severe edema (elevated over 1 mm and surpassing the region of exposure) 4 
Primary irritation index (PII) and classification of skin irritancy:   
Classification PII 
Insignificant 0–0.4 
Slighly irritation 0.5–1.9 
Moderate irritation 2–4.9 
Severe irritation 5–8 

 

Table 2: Characterization of astaxanthin gel result 

Sample 
number 

Sample 
size 

Sample Viscosity (cP) pH Homogeneity Adhesion 
(s) 

Spreadability 
(cm) 

Color Odor 

Mean±SD Mean±SD Mean ±SD Mean ±SD 

I 5 Astaxanthin 
0.1% 

3250±53.86a 7.9±0.05a Homogeneous 63± 2.17a 3.2±0.03a Transparent with 
slight red 

Slight 
fishy 

II 5 Astaxanthin 
0.5% 

3400±146.80a 7.8±0.09a Homogeneous 158±1.58b 3.5±0.04b Transparent with 
slight red 

Slight 
fishy 

III 5 Astaxanthin 1% 3500±70.00b 7.7±0.05b Homogeneous 187±1.79c 3.1±0.04a Transparent with 
midly red 

Slight 
fishy 

IV 5 Astaxanthin 5% 3300±50.87a 7.7±0.03c Homogeneous 167±1.58d 3.3±0.04c Transparent with 
midly red 

Slight 
fishy 

p-Value (One-way ANOVA) 0.009* 0.038* - 0.000* 0.000* - - 

Describe as: cP = centipoise, s = second, cm = centimetre, *statistically significant at α=0.05, abcdThe identical superscript denotes no distinction 
between groups (Posthoc LSD), n=3 

 

A correlation exists between antioxidants and the process of wound 
healing. A study indicated an elevation in antioxidants in patients 
with oral cavity ulcers, namely Recurrent Aphthous Stomatitis (RAS) 
[18]. An antioxidant substance is required to counteract the oxidant; 
thus, this study utilized astaxanthin synthesized in gel form as the 
antioxidant. Numerous antioxidant assessment methods, including 
the 2.2-diphenyl-1-picrylhydrazyl (DPPH) assay, the 2.2′-azino-bis 
(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assay, and the 
dichloro-dihydro-fluorescein diacetate (DCFH-DA) assay. We 
performed the DPPH assay approach to validate our antioxidant 
activity [19]. Astaxanthin exhibits antioxidant properties that are 
sixty-five times stronger than those of vitamin C and fifty times more 
powerful than vitamin E, as well as other carotenoids like coenzyme 
Q [20]. Consequently, this study mentioned vitamin C as a standard. 

Table 3 and fig. 2 show the results of the antioxidant test with 
astaxanthin gel. According to the results of the antioxidant activity 

tests, the IC50 value for sample 2 is 0.96059 ppm, sample 3 is 0.6739 
ppm, sample 4 is 0.19466 ppm and sample 5 is 0.63831 ppm. Jumina 
et al. (2019) categorize antioxidant strength into four tiers: highly 
potent (IC50<50 μg/ml), potent (IC50: 50–100 μg/ml), intermediate 
(IC50: 101–150 μg/ml), and weak (IC50: 250–500 μg/ml) [21] As a 
consequence, the preparation of astaxanthin gel is in the<50 ppm 
range, indicating that it could potentially prove to be a highly potent 
antioxidant. Our result showed astaxanthin gel 1% has the best 
antioxidant activity compared to the other concentrations due to the 
smallest number of IC50. Antioxidant activity is quantified by the 
IC50 value (Inhibition Concentration 50). A smaller IC50 value 
indicates more free radical scavenging activity [22]. According to 
studies by Andriani et al. (2024), the 1% astaxanthin gel has the 
most effective anti-inflammatory properties [7]. This result can be 
linked to the higher antioxidant levels identified in this study's 
results.

 

Table 3: IC50 value antioxidant testing using the DPPH method 

Sample number Sample Regression equation IC50 (ppm) 
I Vitamin C Y=8.0201 X+9.0272 

R = 0.9998 
5.10875 

II Astaxanthin 0.1% Y = 51.662 X+0.3742 
R = 0.7817 

0.96059 

III Astaxanthin 0.5% Y = 71.241 X+1.9905 
R= 0.664 

0.6739 

IV Astaxanthin 1% Y = 251.98 X+0.9488 
R= 0.9123 

0.19466 

V Astaxanthin 5% Y = 74.603 X+2.3799 
R= 0.1961 

0.63831 
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Fig. 2: Graph of linear regression for antioxidant testing 

 

Crude Astaxanthin from green alga Haematococcus pluvialis extract 
proved to have antioxidant and hepatoprotective activity [23]. The 
high antioxidant content reduces oxidative stress, a condition where 
oxidants outweigh antioxidants, leading to molecular damage and 
various diseases like diabetes mellitus [24]. Elevated ROS production 
in diabetic wounds leads to dysfunctional wound healing, elevated 
levels of cell senescence and death, lipid peroxidation, oxidative stress, 
protein alteration, and DNA damage are all symptoms of this condition 
[25]. Astaxanthin mechanism as an antioxidant stimulates the Nrf2 or 

HO-1 antioxidant pathway by producing modest levels of reactive 
oxygen species (ROS) and also regulates the antioxidant enzymes 
catalase, superoxide dismutase 2, and glutathione peroxidase 1, as well 
as proteins targeting Nrf2 HO-1 [26]. Astaxanthin’s benefits may be 
linked to the Nrf2 signaling pathway, which activates antioxidant 
enzymes by nuclear translocation, mitigating oxidative stress, 
reducing oxidative stress, and protecting cells from damage [27]. 
Astaxanthin exerts antioxidant effects on cells via this route, which can 
facilitate the acceleration of wound healing. 

 

Table 4: In vivo acute dermal toxicity results 

Group Sample 
size 

Material Skin, fur, 
eyes 

Behaviour Mean± SD body weight (g)  Mortality Result 
Day-0 Day-4 

Healthy Control (C1) 3 No Material Normal No Change 163.67±5.51 183.33±11.02 No Non-toxic 
Gel base control (C2) 3 Gel Base Normal No Change 154.33±5.13 180±15.39 No Non-toxic 
Treatment 1 (T1) 3 Astaxanthin 0.1% Gel Normal No Change 158.33±1.53 186±12.29 No Non-toxic 
Treatment 2 (T2) 3 Astaxanthin 0.5% Gel  Normal No Change 159.33±0.58 182±15.39 No Non-toxic 
Treatment 3 (T3) 3 Astaxanthin 1% Gel  Normal No Change 168.00±5.00 191±10.41 No Non-toxic 
Treatment 4 (T4) 3 Astaxanthin 5% Gel  Normal No Change 168.67±7.51 187.67±10.79 No Non-toxic 

N=6 

 

The results of the acute skin sensitivity are shown in table 4. There 
is no change in skin, fur, eyes, or behavior in rats after treatment. 
Weight gain was recorded on day 14 and the rats survived. This 
indicates that the formulation of this gel is non-toxic and safe to use. 
The results of the irritation testing based on the scoring from the 
Draize-FHSA Scoring system and primary irritation index, our 

research results show no erythema (0) and no edema (0) at 1, 24, 48 
and 72 h, indicating that all formulations of this gel are safe and does 
not irritate the skin. 

Cosmetic chemicals with less harmful or harmless effects are not 
permitted for industrial applications. Industrial safety assessors 
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must evaluate skin and mucous membrane irritation, sensitization 
potential, and genotoxicity [28]. One of the skin sensitivities caused 
by medication is allergy contact dermatitis. Allergy contact 
dermatitis is a skin hypersensitivity reaction triggered by exposure 
to external chemicals or physical agents, manifesting in acute, 
subacute, and chronic forms, with aute presentations marked by 
erythema, edema, and crusting [29]. Our research results show 
alterations in skin, behavior, and body weight and no mortality in 
the rats, suggesting that the gel is non-toxic. Acute dermal toxicity 
tests and irritation tests were conducted to ensure the safety of 
astaxanthin gel as a candidate for oral ulcer healing therapy, and our 
results verify that this gel is safe.  

Herbal products and formulas are widely used in various fields due to 
their safety or low toxicity, with the use of oral toxicities being critical 
for not only determining potential dosages but also assessing potential 
clinical effects [30, 31]. The presence of antioxidant effects and the 
safety of this astaxanthin gel formulation make 1% astaxanthin gel 
recommended for oral cavity wounds, especially in the condition of 
diabetes mellitus. Preclinical evaluations regarding the 
characterization and safety of the substance have been performed. 
Additional testing is required to assess the material's stability and 
antibacterial properties to evaluate its durability and effectiveness. 
Clinical trials of the substance are necessary to assess its potential as a 
therapeutic agent for the treatment of oral cavity ulcers. 

CONCLUSION 

According to this research, the 1% astaxanthin gel provides a great 
characterization of the gel and the highest level of antioxidants. 
Astaxanthin gel is safe and causes no edema or erythema. This gel is 
potentially applied as an antioxidant for oral cavity wound 
treatment. Further investigation is needed to determine the effect of 
this gel on wound healing. 
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