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1. Introduction
  

 Indonesia has over 17,000 islands, 86.7 thousand 
km2 of coral reefs, and 88.5 million hectares of tropical 
forest and mangrove regions spanning 24,300 km2 
from Sabang to Merauke. Moreover, the country has 
the world's highest biodiversity after Brazil with a 
vast diversity of plant, animal, and microbiological 
species (Handayani et al. 2021). Microbes are abundant 
in numerous ecosystems, including acidic thermal 
springs, wetland forests, the Many Islands reef 
complex, Enggano Island, marine life, and traditional 
medicinal plant leaves (Liu et al. 2020). Meanwhile, 
bacteria are widespread organisms that can survive in 
freshwater, saline water, air, soil, and have symbiotic 
relationships with animals as well as plants (Liu et 
al. 2019). Bacillus cereus is an example of a bacteria 
with exceptional adaptability. This bacteria can adapt 
to hot settings, osmolarity fluctuations, nutrition 
and metabolite deprivation, together with oxidative 
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circumstances. It has evolved and survived numerous 
adaptations, including biofilm formation, swarming 
movement, as well as surfactin and metabolic enzyme 
production. Besides, the bacteria cells can adapt 
their physiology to changing external conditions to 
survive and reproduce (Duport et al. 2016). According 
to previous studies, Bacillus cereus is also capable of 
producing superoxide dismutase (SOD) (Zhang et al. 
2020).
 Bacteria can produce three types of SOD: the 
periplasmic Cu/Zn-SOD, the cytoplasmic Mn-SOD, 
and the Fe-SOD. Reactive oxygen species-induced 
oxidative stress can be mitigated by administering the 
SOD enzyme (Sun et al. 2021). The enzyme facilitates 
bacterial survival through the conversion of reactive 
oxygen species (ROS) that have been damaged into 
water and hydrogen peroxide (Najmuldeen et al. 
2019). An imbalance between superoxide radicals 
and antioxidants can lead to elevated amounts of 
ROS in cells. Furthermore, oxidative stress might be 
induced by ROS, causing destroy of structures such 
as proteins, lipids, and nucleic acids. Inflammation, 
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fibrosis, genotoxicity, carcinogenesis (Dayem et 
al. 2017), atherosclerosis, hypertension, and other 
degenerative diseases are also connected with ROS 
(Bardaweel et al. 2018). High concentrations of ROS 
are one of the elements that might trigger the aging 
process in the skin (Treiber et al. 2012). Meanwhile, 
SOD is an antioxidant enzyme capable of maintaining 
homeostatic functions in the body. The enzyme can 
inhibit the expression of matrix metalloproteinases 
(MMPs), thereby inducing collagen synthesis and 
collagen production in the skin (Lee et al. 2021). This 
implies that SOD can also be utilized in anti-aging 
treatment (Younus 2018).
 The skin plays a vital role in the human body as it 
is the primary barrier against pathogens (Richmond 
and Harris 2014). As a result of its anatomical 
positioning at the exterior boundary of the body, the 
skin is susceptible to various environmental factors, 
such as ultraviolet (UV) radiation emitted by the sun 
(Amaro-Ortiz et al. 2014). Furthermore, the primary 
factor contributing to the external aging of the skin, 
commonly referred to as photoaging, is prolonged 
exposure to ultraviolet (UV) light from the sun 
(Zhang and Duan 2018). The effects of UV radiation 
can be prevented by the presence of SOD (Kang et 
al. 2020). Previous studies have demonstrated that 
extracellular SOD can enhance collagen synthesis 
in vitro and in vivo as a preventive measure against 
skin aging (Lee et al. 2021). Moreover, recombinant 
superoxide dismutase (rSOD) from Staphylococcus 
equorum can enhance collagen deposition compared 
to cells without rSOD, which proves that rSOD has 
an anti-photoaging agent potential (Indrayati et al, 
2016). The liposome is an ideal and safe drug delivery 
system with lipid bilayers mirror in the cell's plasma 
membrane (Filipczak et al. 2020). Encapsulation of 
medicine within liposomes boosts protection against 
bioactive chemicals, enhances medicinal efficacy as 
well as therapeutic index, and improves drug stability 
(Naibaho et al. 2019). Meanwhile, the skin's condition 
is a crucial indicator of age and health in daily living 
and photoaging has a significant impact on a person's 
quality of life (Porfire et al. 2009). Hence, the primary 
objective of this research is to examine the liposomal 
SOD activity of B. cereus as a potential anti-photoaging 
agent on the dorsal skin of rabbits based on collagen, 
elasticity, and moisture levels. It was motivated by 
the development of contemporary civilization and 
the increase in life expectancy.
  

2. Materials and Methods

2.1. Materials
 The present empirical investigation was undertaken 
between January and June of 2021 using SOD enzymes 
obtained from  . The bacteria were isolated from water 
in a mangrove forest in Maron Edupark, Semarang, 
Central Java. Additionally, the study employed six New 
Zealand rabbits with an average weight range of 2-4 kg 
and an approximate age of 7-8 months as experimental 
subjects. The assessment of anti-photoaging efficacy 
in animal models adheres to the guidelines set forth 
by the Health Research Committee of Dr. Moewardi, 
located in Surakarta, Indonesia (Decision letter: 213/II/
HREC/2021). The hair of the animals was shaved on the 
back and divided into four parts. Nutrient Agar (N.A.), 
KCl, WST-1 solution, NaCl, KH2PO4, Bradford's reagent, 
Na2HPO, Brain Heart Infusion (BHI), Coomassie 
Brilliant Blue, phosphate buffer, were obtained from 
Merck®; Darmstadt, Jerman. Meanwhile, Blood Agar 
Plate (BAP),  Gram stain of Bacillus cereus Agar (BCA), 
Bovine Serum Albumin (BSA), and Water For Injection 
(WFI), were all acquired from Oxoid, Hampshire, UK. 
Sterile distilled water, phospholipids (Phospolipon 
90G), ethanol P.A, cholesterol (Sigma), H2O2, Brain 
Heart Infusion Broth (BHIB), and rabbit blood plasma, 
were all purchased from Sigma/Aldrich, St. Louis, MO, 
USA.

2.2. Isolation of SOD Enzyme from B. cereus 
 Bacterial cells were broken down by mechanical 
method using sonication, followed by centrifugation. 
One to two Ose needles were taken from N.A. (Nutrient 
Agar) slant media before moving to 10 ml BHI media and 
incubating at 37°C for 24 hours to make a suspension 
of B. cereus. In addition, the enzyme extraction process 
involved the introduction of a 2% bacterial culture into 
a 300 ml BHI production media, followed by incubation 
at a temperature of 37°C for 24 hours (Priadi et al. 
2018). The subsequent step consisted of harvesting 
the bacterial cells by centrifuging the growth medium 
at 5,000 rpm for 15 minutes and at 40°C to separate 
the cells from the supernatant, then the process was 
repeated three times. The pellet was resuspended in 
PBS solution, while the cells were disrupted using 
sonication. Sonication was performed at an amplitude 
of 50 for 5 minutes, with an interval of 1 minute at 
a temperature of 40°C. The suspension underwent a 
second round of centrifugation at a speed of 5,000 
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inhibition rate as a percentage using the following 
formula (Novarini et al. 2020):

rpm for a duration of 15 minutes at a temperature of 
40°C. The supernatant, produced after centrifugation, 
containing the crude extract of the SOD enzyme was 
transferred into a microtube and subsequently stored 
at a temperature of 40°C in a refrigerator (Dos Santos 
et al. 2000).

2.3. Determination of Total Protein Crude 
Extract of SOD Enzyme of B. cereus 
 The quantification of the overall protein 
concentration in the crude extract was conducted 
using the Bradford technique. This was performed by 
adding 4 ɥl of sample to 200 ɥl of Bradford reagent 
and adjusting up to 1 ml with distilled water. The 
absorbance measurement was conducted using a UV-
Vis spectrophotometer at 595 nm (Stelder et al. 2018).

2.4. SOD Activity Analysis of Bacillus cereus
 The activity of the superoxide dismutase enzyme 
isolated from B. cereus was measured by considering 
the value of the inhibition rate using the superoxide 
dismutase activity assay kit (colorimetry). The 
WST-1 from Merck® Darmstadt, Jerman was used, 
which produces a water-soluble formazan dye when 
reducing the superoxide anion. The superoxide 
dismutase activity test was divided into four parts: 
Sample (sample, Enzyme, and WST), Blank 1 (Enzyme, 
WST and H2O,), Blank 2 (buffer, sample, and WST), and 
Blank 3 (WST, sample, and buffer) (H2O, WST, buffer). 
The components of the test and control solutions were 
listed in Table 1.
 Superoxide dismutase extract of Bacillus cereus 
was prepared up to 20 ɥl, which was made in 3 
replications. The sample solution and blanks 1, 2, 
and 3 were prepared with the composition according 
to Table 1. The solution was pipetted and put into 
plate well 96, then homogenized by gently shaking 
the microplate. The measurement of absorbance 
was conducted with a microplate reader set at 450 
nm (Ukeda et al. 1999). The activity of Superoxide 
Dismutase (SOD) was quantified by determining the 

Table 1. Composition of sample and blank solutions
Sample 

(µl)
20 

200 
-
-

20 

Sample 
WST reagent 
Buffer 
ddH2O
Enzyme reagent 

Blank 
1(µl)

-
200

-
20
20

Blank 
2(µl)

20
200
20
-
-

Blank 
3(µl)

-
200
20
20
-

% SOD 
activity × 100%

(blank 1 - blank 3) - (Sample - blank 2)

(blank 1 - blank 3)
=

2.5. Liposome Encapsulation of B. cereus SOD 
Extract 
 Liposomes were prepared by homogeneously 
combining 50 M/ml of phosphatidylcholine and 25 
M/ml of cholesterol with 5 ml of ethanol in a 300 
ml round-bottom flask. The solvent underwent 
evaporation using a rotary evaporator under a pressure 
of 500 C, resulting in the formation of a thin lipid 
coating on the flask's surface. The thin film hydration 
technique was performed by utilizing 5 ml of B. cereus 
SOD enzyme extract with a concentration of 0.5 mg/ml 
in a phosphate buffer solution (PBS) with a pH of 7.8. 
The process was conducted using a rotary evaporator 
at a temperature of 37°C for a duration of 15 minutes. 
The liposomal dispersion formed was maintained 
at 40°C for one hour. Subsequently, the liposomes 
produced were sized uniformly using a sonicator for 
8 minutes (Karn et al. 2013).

2.6. Liposome Characterization of SOD Extract 
from B. cereus
2.6.1. Size of Liposome Particles 
 An instrument (Horiba Scientific, Nano Particle 
instrument SZ-100) was used to measure the particle 
size. Particles size analyzer was read with preparations 
that had been top-down in size with a sonicator on 
PBS (Duraivel et al. 2014).

2.6.2. Determination of Zeta Potential
 Liposome zeta potential was evaluated using a zeta-
sizer on a Nano Particle Analyzer SZ-100. The samples 
were diluted by adding one drop to ten milliliters of 
the dispersion solution, namely a phosphate buffer 
with a pH of 7.4. Prior to measurements, the liposomes 
underwent two rounds of dilution with phosphate-
buffered saline. Subsequently, the samples were 
transferred into a cuvette and subjected to analysis 
at a temperature of 25°C (Fan et al. 2021).

2.6.3. Quantifying the Effectiveness of 
Entrapment
 The efficiency of entrapment was determined by 
centrifuging a mixture of 5 milliliters of SOD enzyme 



liposome and 5 milliliters of 0.05 M potassium 
phosphate buffer at 3,500 rpm for 30 minutes. The 1 
ml supernatant was taken and diluted in a measuring 
flask using distilled water to 25 ml. In addition, a 
volume of 1.0 ml from the solution above was further 
diluted by adding distilled water to get a final volume 
of 25 ml. The measurement of solution absorption 
was conducted utilizing a UV-Vis spectrophotometer 
at the wavelength corresponding to the maximum 
absorption. Subsequently, the concentration of the 
solution was determined by employing the equation 
derived from the calibration curve. This enabled the 
determination of the concentration of the free drug 
(FD). The calculation of entrapment efficiency was 
performed utilizing the prescribed formula:

% EE = × 100%
TC - FD 

TC

Definition:
TC  = The formula contains the total amount of 

chemical
FC  = The quantity of chemicals identified in the 

supernatant (excluding entrapment) (Lujan 
et al. 2019)

2.7. The Anti-photoaging Activity of SOD 
Liposome Extracted from Bacillus cereus on 
the New Zealand Rabbits
2.7.1. Acclimatization of Experimental Animals
 A total of six male New Zealand rabbits, with 
weights ranging from 2 to 4 kg and ages between 7 
and 8 months, were procured from the Pharmacology 
Laboratory at Setia Budi University in Surakarta, 
Indonesia. The test animals were provided with 
a cage and acclimated for one week. The cage was 
placed under the standard laboratory conditions of 
25±2°C ambient temperature, a 12-hour cycle of light 
and darkness and 55±5 percent relative humidity 
(Lee et al. 2014). They were fed pellets on a regular 
basis and had full access to water. The animal testing 
procedures adhered to the guidelines set forth by the 
Health Research Committee of Dr. Moewardi General 
Hospital, Indonesia, and conformed to established 
norms.

2.7.2. Induction of Skin Aging by UV-A 
Irradiation 
 The posterior fur of the rabbit has been trimmed 
and segmented into four equal sections, each 

measuring 2 cm in diameter (Manosroi et al. 2012). 
The rear skin of the rabbit was exposed to Exoterra® 
Daylight Basking Spot, a source of ultraviolet (UV) 
radiation. The light source was illuminated for two 
weeks, with a cumulative dose of 64.69 J.cm-2 per hour 
(Chen et al. 2019). The skin is analyzed to determine 
the proportion of collagen, elasticity, and moisture. 

2.7.3. Application of B. cereus SOD Liposomes 
to Rabbits Following UV-A Radiation 
 Liposomes containing and without SOD and 
collagen were applied to the rabbit's back daily for 
the next 28 days  (Suksaeree et al. 2018). The analysis 
of the rabbit skin was conducted after the end of the 
treatment process. The rabbit's skin is captured in a 
photograph and transmitted to a computer for analysis 
using a skin analyzer (Lee et al. 2014).

2.8. Histology Examination of Rabbit Skin 
Following Treatment with SOD
 Histological preparations were prepared from skin 
tissue collected after treatment completion, ensuring 
that the experimental animals were not harmed. 
The rabbit was taken from its cage and placed in a 
container containing a deadly dose of ether. The skin 
tissue utilized for each treatment was sectioned into 
dimensions of 2 × 2 cm, with a uniform thickness of 
half a centimeter. The tissue was later treatment with 
a 10% formalin solution, with the volume of formalin 
being ten times greater than the amount of tissue 
removed. The obtained skin sample was immersed 
in a solution containing 10% formalin and a neutral 
buffer for 24 hours. Furthermore, slices of biopsied 
or surgically removed tissue were formalin-fixed for 
8 to 48 hours and deparaffinized with xylene. The 
sample was stained with Van Gieson dye for 1 minute 
and subsequently, the specimen was encased within 
paraffin, diced to a thick of one to twenty microns, 
re-stained, and examined under a olympus cx 23 
microscope with a 40x objective lens magnification 
and a 10x eyepiece . Observations were conducted to 
determine the collagen fibers generated in the skin 
tissue (Chen et al. 2019).

2.9. Data Analysis 
 The statistical analysis of the research data was 
conducted using SPSS 17 software. The statistical 
methods employed in this study included the paired 
T-test and one-way ANOVA.
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3. Results

3.1. Extraction of SOD Enzymes from B.cereus
 The process of extraction of the superoxide 
dismutase (SOD) enzyme from B. cereus bacteria 
involved a series of sequential steps, including the 
bacteria's initial cultivation, subsequent harvesting 
of the bacterial cells, and the subsequent disruption 
of the cellular structure through sonication. The SOD 
enzyme is an intracellular enzyme that can be released 
from cells through the process of sonication, which 
causes cell lysis and subsequent extracellular release 
of the enzyme. The extraction of superoxide dismutase 
(SOD) enzyme from B. cereus bacteria yielded 11.3 ml, 
resulting in a volumetric yield of 3.7% v/v.

3.2. Determination of Total Protein
 The quantification of the protein concentration 
in the B. cereus SOD enzyme extract was conducted 
by measuring the absorbance and applying a linear 
formula derived from the BSA curve standard. The 
standard curve yielded the equation y = 0.0292 x + 
0.1075 as the foundation for calculating the sample's 
protein. The total protein content of the SOD enzyme 
obtained from Bacillus cereus was 1.20 mg/ml.

3.3. SOD Enzyme Activity of B. cereus
 The evaluation of SOD activity was judged by 
measuring the inhibition rate of SOD by utilizing the 
Superoxide Dismutase Activity Assay Kit, employing 
a colorimetric method. The SOD enzyme activity test 
results were expressed in percentage inhibition of 
anion superoxide and the results are 79.05%±2.62%. 

3.4. Liposome Characteristics of SOD Enzyme 
from B. cereus 
 A sonication-modified thin-film hydration 
approach was used to produce liposomes from the 
SOD extract. The liposomes that were acquired were 
later analyzed for their size of particle, zeta potential, 
and absorption effectiveness. The findings of the size 
of the particle test, the potential zeta value, and the 
effectiveness of encapsulation are presented in Table 
2. 

3.5. The Results of UV-A Exposure on the Skin 
of the Rabbit's Back 
 The experiment involved subjecting rabbit test 
animals to two weeks of UV-A irradiation to evaluate 
their response to anti-photoaging measures. The 
application of UV-A irradiation led to a reduction 
in the levels of elasticity, moisture, and collagen, as 
indicated in Table 3.

3.6. Anti-photoaging Activity of SOD Liposomes 
of B. cereus
 In anti-aging studies, increasing the levels 
of collagen, elasticity, and moisture are crucial 
elements. The increase after the treatment indicates 
that SOD liposomes have antiphotoaging potential. 
The quantification of the rise in collagen content in 
rabbit skin after the administration of SOD liposomes 
can be ascertained by evaluating the area under the 
curve (AUC) grade. The findings presented in Table 4 
demonstrate an increase in the relative concentration 
of collagen inside the dorsal skin of rabbits after the 
administration of SOD liposomes derived from B. 
cereus.
 Treatment using SOD liposomes from B. cereus 
can increase the percentage of skin elasticity on the 
back of rabbits exposed to UV-A. An increase in the 
percentage of skin elasticity was indicated by higher 
AUC values as shown in Table 5.
 The application of SOD liposomes on the dorsal 
skin of rabbits following exposure to UV A radiation 
resulted in a notable increase of over 10% in skin 
moisture levels, as seen by the data presented in Table 
6.

3.7. Histological Results on Rabbit Dorsal Skin 
Tissue after Treatment with B. cereus SOD 
Liposomes
 Histological observations were carried out using the 
van Gieson method to prove the increase in collagen 
density.  The findings are illustrated in Figure 1 and 
presented in Table 7. The analysis was carried out using 
an optilab tool, and the percentage of collagen density 
was calculated using the image J application. The 



Table 4. Grade of Area Under the Curve (AUC) and collagen % 
increase

a: noticeably distinct from negatively of control, b: noticeably 
distinct from collagen liposome, c: noticeably distinct from 
normally of control, d: noticeably distinct from B. cereus 
liposome

Normally of control 
Negatively of control 
Liposome of B. cereus
Liposome of collagen

Area under the 
curve grade

Type of treatment

1707.23±22.71abd

1552.91±14.22bcd

1610.32±23.52abc

1777.04±41.82acd

9.94
0.00
3.70

14.43

Increased 
collagen (%)

Table 5. Area under curve data of elasticity and percentage 
increase of Elasticity

a: drastically different from negatively of control, b: 
drastically different from collagen-containing liposome, 
c: drastically different from normally of control, and d: 
drastically different from liposome SOD of B. cereus 

Normally of control
Negatively of control
Liposome of collagen
Liposome SOD of B. cereus

Area under 
curve data of 

elasticity

Type of treatment

1703.52±22.32ad

1598.22±15.41bcd

1729.11±26.61acd

1631.72±17.52abc

6.59
0.00
8.19
2.10

Percentage 
increase of 

elasticity (%)

Table 7. Percentage of collagen density using imageJ.app

a: drastically different from negatively of control, b: 
drastically different from liposome collagen, c: drastically 
different from normally of control, d: drastically different 
from liposome SOD enzyme of B. cereus group

Normally of control
Negatively of control
Liposome of collagen
Liposome SOD enzyme of B. cereus 

Type of treatment

23.71±1.65abd

17.84±1.77bcd

39.37±1.82acd

31.10±0.42abc

Percentage of 
collagen density 

using imageJ.app (%)

Table 6. Area Under Curve Data and percentage increase of 
skin moisture

a: noticeably distinct from negatively of control, b: noticeably 
distinct from liposome of collagen, c: noticeably distinct 
from normally of control, d: noticeably distinct from 
liposome SOD of B. cereus

Normally of control
Negatively of control
Liposome of collagen
Liposome SOD of B. cereus

Area under 
curve data of 

elasticity

Group of treatment

347.04±18.51ad

230.91±15.42bcd

335.82±28.73ad

254.03±22.82abc

50.29
0.00

45.45
10.02

Percentage 
increase of skin 

moisture (%)

Table 2. Shows the size of the particle, potential zeta value 
and effectiveness of encapsulation of SOD liposomes 
from B. cereus

Bacillus cereus
Collagen 

(positive 
control)

Size of the  
particle  (nm)

Liposome

148.16±21
126.7±4.2 

28.0±11.7 
50.17±4.4 

85.0
-

Potential zeta 
value (mV)

Effectiveness of 
encapsulation 

(%)

Table 3. Prior to and following UVA radiation, lower levels of 
moisture, elasticity, and collagen

Moisture
Elasticity
Collagen

Prior to UV-A 
irradiated

Kind of 
examining

11.61±1.52
61.82±1.92
60.01±1.58

7.62±1.14 
55.63±1.34
55.61±3.29

34.48 
10.03

7.33

following 
UV-A 

irradiated

Reduction (%)

results on the liposome with UV-A treatment group 
showed collagen with the lowest density, followed 
by the liposome non UV-A treatment, liposome SOD 
enzyme of B. cereus, and the liposome of collagen.

Figure 1. The histological image of rabbit skin connective 
tissue. 1: normally of control treatment type, 2: 
negatively of control treatment type, 3: liposome 
of collagen type, 4: liposom SOD B. cereus group, 
→→: demonstrated collagen mass, →→: demonstrated 
collagen being loosened
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 In this study, the SOD enzyme derived from B. cereus 
was converted into nanopolymers by encapsulating 
it in liposomes as an antiaging medication 
(Azadmanesh and Borgstahl 2018). Liposomes have 
several advantages as drug delivery agents, including 
biodegradability, biocompatibility, non-toxicity, non-
allergenicity, and non-irritability. Other advantages 
include nanoparticle size for easy absorption by cells, 
stable active ingredient content, high active ingredient 
content, and controlled release of the active substance 
(Vorauer-Uhl et al. 2001). SOD liposomes from B. cereus 
had the following characteristics: particle size of 
148.16±21.00 nm, zeta potential value of 28.0±11.7, and 
encapsulation efficiency of 85.0%. The size of the SOD 
liposome particles, which are nanoparticles, caused an 
easy penetration into the cell. The smaller the particle 
size, the easier it will be to enter cells and boost body 
absorption (Shazeeb et al. 2014). According to recent 
studies, only particles with a size between 50 to 500 
nm can permeate the skin, and smaller particles can 
easily breach the stratum corneum barrier (Hou et 
al. 2022). Furthermore, the zeta potential value was 
larger than 25 mV, indicating that SOD liposomes are 
highly stable. When the potential zeta value is high, 
colloids are less likely to flocculate and aggregate 
from tiny to massive sizes inside the cell. Particles 
can attract one another and form flocs when their 
potential zeta value is low. When the potential zeta 
value is low, the layer between particles is skinny, and 
the particles strongly tend to clump together (Honary 
and Zahir 2013). A colloid with a high potential zeta 
exhibits enhanced stability. Furthermore, the concept 
of potential zeta is utilized to assess the stability 
of a dispersion system, considering the prevailing 
repulsive or attractive forces. It is used to evaluate 
physical stability, surface coating effectiveness, or 
drug adsorption on nanoparticles (Yun et al. 2013). 
 Based on the results, the effectiveness of 
encapsulation of B. cereus SOD liposomes was 85%. 
It was measured to determine the polymer's ability 
to adsorb active compounds, the effectiveness of 
the procedure used, and to provide an idea of how 
much medicine was successfully absorbed into the 
nanoparticle system. Based on a prior investigation, 
the thin film dispersion technique synthesized 
elastic liposomes containing percutaneous melatonin 
transport (MLT), and further optimization was 
conducted utilizing the central composite design 
(CCD) methodology. As a result, the encapsulation 

4. Discussion

 Bacillus cereus is a bacterium known for its 
remarkable adaptability, as it can be found in diverse 
ecological niches such as soil, water, and both plant 
and animal environments. This bacterium is capable 
of thriving under different environmental stress 
conditions. This research demonstrated that the 
bacteria generates the enzyme superoxide dismutase, 
as proven by the extraction results, which yielded 
11.3 ml (3.7% v/v) of the SOD enzyme. B. cereus can 
produce SOD because previous research identified 
genes encoding the formation of iron SOD (FeSOD) and 
manganese SOD (MnSOD). In B. cereus, the expression 
of the sodC and sodB genes can stimulate the formation 
of SOD (Wang et al. 2011). SOD was isolated from B. 
cereus bacteria, which thrive in an ideal environment 
at 370°C and pH 7, culminating in the highest 
extraction. Moreover, sonication induces alterations 
in the cellular membrane structure, resulting in the 
liberation of molecules and the diminishment of their 
sizes (Petkar et al. 2013). The SOD principal objective 
in cells is to guard against and minimize oxidative 
damage induced by reactive oxygen radicals. The 
activity test using the WST-1 method revealed that 
superoxide anion inhibition reached 79.05%±2.62%. 
This was similar to the activity of four forms of SOD 
including copper-zinc (CuZnSOD), iron (FeSOD), and 
manganese (MnSODA1 and MnSODA2) from Klebsiella 
pneumonia bacteria against anion inhibition, which 
ranged from 51.67-82.82% (Najmuldeen et al. 2019). 
 The findings indicate that B. cereus exhibits robust 
superoxide dismutase (SOD) activity, surpassing a 
threshold of 50%. Superoxide dismutase (SOD) is an 
enzymatic antioxidant that facilitates the conversion 
of superoxide anion into hydrogen peroxide (H2O2) and 
oxygen (O2), hence mitigating reactive oxygen species 
(ROS) activity (Najmuldeen et al. 2019). Radicalism 
caused by these free radicals can be reduced by the 
antioxidant SOD, which donates electrons to the free 
radicals, causing them to become stable. Furthermore, 
SOD potentially may function via impeding receptor 
activation, as well as suppressing the expression of 
AP-1 and MMP genes. It also stimulates collagen 
production by increasing TGF-b and procollagen gene 
expression (Indrayati et al. 2016). According to a recent 
study, the SOD enzyme from B. cereus exists in four 
forms namely copper-zinc, iron,  and manganese (two 
forms) (Zhang et al. 2020).



efficiency was found to be 73.91%. Considering that 
more than 70% of the chemical was absorbed in the 
nanoparticle system, the encapsulation efficiency 
findings can be considered good (Hou et al. 2022).
 According to the findings, a two-week exposure 
of the rear skin of New Zealand rabbits to UV-A 
radiation leads to a reduction in moisture, collagen, 
and elasticity levels by around 34.48%, 7.33%, and 
10.03%, respectively. UV exposure not only accelerates 
aging, but it can also cause skin lesions, diminish skin 
suppleness, and increase skin dryness, according to 
previous investigations. Chronic exposure to UV 
light can harm the elastic fibers of rat skin as well as 
the physiological structure of the tissue (Hou et al. 
2022). A previous study found that UV-A can harden 
and reduce the suppleness of collagen gel. Collagen 
is produced by fibroblasts, hence, hardness and 
decreased elasticity indicate a decline in fibroblast 
collagen production. Furthermore, continuous UV-A 
exposure causes decreased collagen synthesis (Maeda 
2018). Radiation exposure also induces the production 
of reactive oxygen species (ROS), which can stimulate 
cytokine receptors and growth factors located on 
the cell membrane of fibroblasts. The activation of 
receptors leads to the initiation of intracellular MAP 
kinase signaling pathways, ultimately resulting in the 
activation of the nuclear activation protein-one (AP-1) 
gene transcription factor complex. The overactivation 
of AP-1 in fibroblast cells leads to an upregulation of 
the MMP-1 (collagenase), MMP-3 (stromelysin), and 
MMP-9 (gelatinase) genes. These genes are responsible 
for collagen degradation and other proteins within 
the dermis. Furthermore, it has been demonstrated 
that the activation of AP-1 leads to a decrease in 
the expression of procollagen genes, resulting in a 
reduction in collagen formation (Budden et al. 2021) 
 The application of SOD liposomes to the rabbits' 
backs enhanced the percentage of collagen, elasticity, 
and skin moisture by 3.70%, 2.10%, and 10.02% 
respectively. The increase after the treatment delivery 
was significantly different from the negative control 
trial. The percentage of collagen density increased in 
histological observations with a value of 31.10±0.42 
which is greater than that of the negative and 
normal controls. This implies that SOD encapsulated 
in liposomes enhances the penetration of active 
compounds into epidermal layers, thereby increasing 
the percentage of collagen, elasticity, and hydration. 
Considering that liposomes have nanoscale sizes, active 
compounds are more easily absorbed through the skin 

(Tran et al. 2022). A previous study demonstrated 
that liposomes can improve therapy outcomes by 
increasing the stability of active compounds (Bi 
et al. 2019). Previous research indicated that SOD 
liposomes from Bacillus altitudinis function as an anti-
photoaging agent by increasing elasticity, moisture, 
and collagen content by 5.10%, 26.90%, and 6.46%, 
respectively. The histological analysis revealed that 
the application of SOD B. altitudinis liposomes resulted 
in a significant rise in collagen levels, reaching a value 
of 36.62% (Nurfitriyawatie et al. 2023a). The results 
of this investigation suggest that SOD liposomes 
obtained from B. altitudinis had enhanced efficacy in 
comparison to liposomes derived from B. cereus. This 
can be attributed to the higher content of SOD enzyme 
produced by B. altitudinis, which measured at 13.3 ml. 
The increased superoxide dismutase (SOD) content 
led to a higher SOD activity, specifically measuring 
at 85.09%±1.24%. Furthermore, the SOD liposomes 
derived from B. altitudinis exhibit specific attributes, 
such as a particle size measuring 112.96±17.3 nm. 
Notably, this particle size is smaller than that of the 
SOD liposomes obtained from B. cereus. Reduced 
particle sizes facilitate the cellular uptake of active 
substances and enhance their absorption within the 
rabbits back skin (Nurfitriyawatie et al. 2023b).

In conclusion, the utilization of liposomes 
containing SOD B. cereus extract exhibits promising 
potential as an anti-photoaging agent when applied 
to the dorsal skin of rabbits. This is demonstrated by 
the observed effects of SOD B. cereus liposomes, which 
have been found to enhance collagen percentage, 
improve elasticity percentage, and increase skin 
moisture levels.
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