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ABSTRACT

Background: Wound in diabetes mellitus
becomes a major problem. Reactive oxygen
species (ROS) in diabetes cause peroxidative
phospholipid  damage  and lead to
malondialdehyde (MDA) accumulation.
Malondialdehyde levels in diabetes are
increasing significantly and cause
complications. The MDA reaction affects
collagen which interferes with the normal
process of wound healing. Flavonoids in
Spirulina sp. acts as an antioxidant by increasing
antioxidant enzymes to reduce the amount of
ROS. Flavonoids increase collagen through
stimulating keratinocytes against fibroblasts,
preventing oxidative damage to cells thereby
accelerating wound healing. This study aims to
determine the administration of spirulina ethanol
extract gel makes MDA levels lower and
collagen density higher in wound healing in
Wistar rats” model of diabetes mellitus.

Methods: This research was conducted from
November 2022 to January 2023 using an
experimental posttest only control group design,
using 30 male white rats (Rattus norvegicus)
Wistar strain aged 3 months, body weight 180-
200 grams, which were divided into five groups,
group P1 not induced by streptozotocin (STZ)
excised wound and given NaCMC gel, group P2
induced STZ with blood sugar >150 mg/dL had
wound excised and given 0.1% Gentamicin
ointment, group P3 induced STZ had excision

wound smeared with 10% Spirulina gel, the
STZ-induced P4 group had the wound excised
and given 15% Spirulina gel, and the STZ-
induced P5 group had the wound excised and
given 20% Spirulina gel. Statistical test was
used One Way ANOVA.

Results: The results showed that the average
amount of MDA in the P5 group (0.470
nmol/mL) was lower than the other groups,
where the average amount of MDA in the P4
group (0.592 nmol/mL), the P3 group (0.679
nmol/mL), the P2 group (0.732 nmol/mL) mL)
(p=<0.001). The mean number of % pixel
collagen density in the comparison of each
group was not significantly different, in the P5
group (69.30), the P4 group (64.76), the P3
group (65.97) and the P2 group (49.53) (p=
0.116).

Conclusion: Administration of 20% Spirulina
ethanol extract gel was more effective in
reducing malondialdehyde levels in the wound
healing of Wistar rats® model of diabetes
mellitus than control group. Administration of
Spirulina ethanol extract gel did not differ in
making collagen density higher compared to
control group. Spirulina can be used as an
alternative drug with the ability as an
antioxidant.

Keywords: spirulina ethanol extract gel,
malondialdehyde, collagen, wounds of Wistar
rats, diabetes mellitus
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INTRODUCTION

Aging is a decrease in the condition and
function of all organs in living things. Along
with the development of science emerged
the branch of medicine, Anti-Aging
Medicine, which aims to extend life
expectancy in a healthy state with a good
quality of life. In aging there is a decrease in
organ function including the mechanism of
skin healing when an injury occurs.

Normal wound healing proceeds through
phases of inflammation, proliferation, and
remodeling in response to tissue injury.
Interference with any of these phases of
wound healing can cause the wound to
become chronic and usually requires some
form of intervention. One of the reasons for
the delay in the wound healing process is
diabetes and aging (Mathew-Steiner et al.,
2021).

Reactive oxygen species in diabetes cause
peroxidative phospholipid damage leading
to malondialdenyde (MDA) accumulation.
Reactive oxygen species (ROS) are
important regulators of several phases of
wound healing. A low amount of ROS is
needed to fight external damage, but a high
accumulation of oxidative stress will induce
oxidative damage to cell membranes,
degradation of the extracellular matrix,
prolonged inflammation and cause wounds
not to heal, as in diabetes (Deng et al.,
2021).

Malondialdehyde levels in diabetes increase
significantly and are one of the causes of
complications  in  diabetic  patients.
Malondialdehyde reactions affect collagen
function by making collagen less
susceptible to  degradative  enzymes,
changing  collagen molecules  and
influencing collagen cell interactions. This
interferes with the normal process of wound
healing (Oo et al., 2017).

Delayed and impaired wound healing in
diabetic patients is the focus of research.
Long-term exposure to a hyperglycemic
environment will affect protein and lipid
metabolism, induce the production of
reactive ~ oxygen  species, increase
inflammation, increase the risk of ulcerative

wounds, and inhibit wound healing (Chen et
al., 2020).

Study shows Spirulina sp. extract has
potential in wound healing. Spirulina sp. is a
blue-green algae known to have anti-
inflammatory and antioxidant properties that
is used as a food supplement and is known
as a "Superfood”, the designation given by
the World Health Organization (WHO).
Spirulina sp. has an effect on cell growth
and cell regeneration thereby improving
health and quality of life (Elbialy et al.,
2021). In addition, Spirulina sp. can be
easily obtained, because it can be cultivated
in fresh water media, harvested and
processed easily (Soni et al., 2017).

The important role of Spirulina sp. in wound
healing is through its antioxidant
mechanism. The content of flavonoids in
Spirulina sp. which act as antioxidants can
increase collagen fibers by stimulating
keratinocytes and preventing oxidative
damage to cells so that they can accelerate
wound healing (Liu et al., 2020; Burhan et
al., 2021; Mehdinezhad et al., 2021).
Research conducted by Liu et al., showed
that MDA levels in wound healing of rats
given Spirulina sp. gel. 4% lower than the
control group, these results indicate the
positive effect of spirulina as an antioxidant
in inhibiting MDA during wound healing in
rats (Liu et al., 2020).

Spirulina sp. can also accelerate healing by
increasing angiogenesis, collagen
deposition,  reducing histopathological
morphological changes and inhibiting scar
tissue formation through regulation of basic
fibroblast growth factor (BFGF) and
angiogenic vascular endothelial growth
factor (VEGF) genes and occupying scar
tissue-related genes transforming growth
factor beta ( TGF-B) and smooth muscle
actin (-SMA) which provide potential
molecular for the treatment of hypertrophic
scar tissue as a promising natural biological
source in wound healing (Elbialy et al.,
2021).

This study wused wistar rats (Rattus
norvegicus) because their genetic structure,
anatomy and physiology are similar to
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humans, and easy to maintain, and refers to
the basic principles of research ethics
regarding the use of experimental animals
known as 3R, namely Reduction,
Replacement, and Refinement (Mutiarahmi
etal., 2021).

Wistar rats in this study were induced using
streptozotocin (ST2) to achieve
hyperglycemia. Researchers use STZ
because it has a long half-life, low incidence
of ketosis and death (Islam et al., 2017).
Referring to the description described
above, the researcher is interested in
conducting research on the administration of
Spirulina sp. ethanol extract gel on
decreasing MDA and increasing collagen
density in wound healing in Wistar rats
model of diabetes mellitus.

LITERATURE REVIEW

Wound

Wound is damage to the integrity of
biological tissue which includes skin,
mucous membranes, and organ tissue

(Herman and Bordoni, 2022). Wounds to
the skin will disrupt the barrier between the
inside of the body and the outside
environment (Liu et al., 2019). Skin wounds
occur due to damage to the integrity of the
epidermal layer. Any tissue injury with
compromised anatomic integrity with
functional loss can be described as a wound
(Kangal and Regan, 2022).

The skin consists of two layers namely the
epidermis and dermis. When there is a
disturbance in one or both layers of the skin,
the organism will start the wound healing
process to regenerate the wound area which
involves cellular, molecular and
biochemical mechanisms which are divided
into three healing phases namely
inflammation, proliferation and remodeling
(Wilkinson and Hardman, 2020; Gushiken
etal., 2021).

Diabetes Mellitus
Diabetes mellitus (DM) is defined as a

hyperglycemia. Diabetes mellitus greatly
affects the quality of life and survival
expectations of patients. As a consequence
of hyperglycemia, diabetic patients are at
increased risk of comorbid conditions
affecting multiple organs (Spampinato et al.,
2020).

Oxidative stress and inflammation are
closely related to aging-related changes. It is
known that aging and diabetes have
important factors that include oxidative
stress and low levels of inflammation. The
early stages of diabetes are the same as in
aging, there is a persistent accumulation of
oxidative damage to biomolecules caused
by ROS which are produced in all cells
especially by mitochondria. Mitochondria
are major producers and also prime targets
of ROS because they damage mitochondrial
DNA (mtDNA) leading to increased ROS
production. An increase in mMtDNA
mutations accelerates aging (Moura et al.,
2019).

Oxidative stress can affect diabetic wound
healing through skin injury, neuropathy,
ischemic lesions, and topical infections
(Gargouri et al., 2016; Deng et al., 2021).
Diabetic wounds have a microenvironment
with increased levels of glucose, advanced
glycation end products (AGEs), ROS, and
inflammatory cytokines. High glucose
levels reduced keratinocyte migration and
proliferation in vivo and in vitro scratch
wound tests. The end products of glycation
impair  keratinocyte  proliferation  and
migration with effects similar to those
induced by high glucose. Reduced migration
is associated with high production of MMP9
and decreased expression of the MMP
network inhibitor, TIMP. Oxidative stress is
a disturbance in the balance of pro-oxidants
and antioxidants which is characterized by
increased levels of reactive oxygen species.
Diabetes increases ROS levels which are
harmful to wound healing and inhibits
migration and proliferation of keratinocytes.
The presence of elevated ROS levels

group of metabolic pathologies stimulates apoptosis, which may be an
characterized by  impaired insulin  additional factor impairing the healing
production and/or function, leading to response in diabetes. High ROS levels
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induce the production of inflammatory
cytokines such as TNFa. When TNF is
inhibited in  diabetic  wounds, re-
epithelialization is significantly increased.
In addition, diabetes causes prolonged
expression of chemokines which leads to
difficulty in downregulating inflammation,
contributing to poor healing outcomes
(Wang and Graves, 2020).

Spirulina

Spirulina, a blue-green algae, has been used
as a food source since ancient times.
Spirulina is commercialized for its
abundance of protein, vitamins and
minerals. In addition, spirulina has been
reported to exhibit pharmaceutical potential
due to its anti-inflammatory, antioxidant and
anticancer properties (Liu et al., 2020).

The content of flavonoids in spirulina which
act as antioxidants can increase collagen
fibers by stimulating keratinocytes and
increasing DNA synthesis (Mehdinezhad et
al., 2021).

Flavonoids are able to increase levels of
SOD, CAT, GSH, GST and GPx and reduce
the amount of MDA showing antioxidant
effects and increasing the wound healing
process. Flavonoids that promote the
formation of new epithelium are able to
increase migration of keratinocytes and
attachment of the respective epithelium to
the wound. This causes the release of
growth factors to promote mitosis and
epithelial  hyperplasia, ensuring  the
advancement of the proliferative phase
during the healing process (Carvalho et al.,
2021).

MATERIALS & METHODS

This research is a laboratory experimental
study using a posttest only control group
design, using 30 male Wistar rats (Rattus
norvegicus) aged 3 months, body weight
180-200 grams, which were divided into
five groups, group Pl which was not
induced by STZ who were excised and
given NACMC gel, group P2 induced by
STZ with blood sugar >150 mg/dL were
excised and given with Gentamycin 0.1%

ointment topically, group P3 induced by
STZ were excised and given with 10%
Spirulina gel topically, group P4 induced by
STZ were excised and given with 15%
Spirulina gel topically, and group P5
induced by STZ were excised and given
with 20% Spirulina gel topically. Thirty
(200 H 20 g and 12 weeks of age) male
Wistar rats.

All rats were kept under controlled
environmental conditions (24-32FC) in a
room with sufficient ventilation, controlled
light or dark cycles for 12 hours. Rats were
fed standard HPS511 brand feed 20
grams/day. The experimental rats were
randomly allocated into 5 groups in 2
experiments (n = 6 in each group), as
follows: control group (CG) and Spirulina
group (SG) for experiment 1 and control
group (CG) and Spirulina group (SG) for
experiment 2. After the adaptive period (1
week), the experimental rats (n = 30) were
divided into 5 groups (6 rats per group).
Four groups of rats were induced by
Streptozotocin (45 mg/kg) intraperitoneal.
Three days after induction rats ‘blood sugar
levels were measured with a glucometer, the
state of hyperglycemia had not been
reached, thus induction of streptozotocin
was repeated and observed 3 days later. On
the 7th day, all rats reached a state of
hyperglycemia. Intraperitoneal injection (IP)
of a combination of ketamine (70 mg/kg)
and xylazine (7 mg/kg) was used for
anesthetizing the rats. The rats back hair
was razed and disinfected with ethanol
(70%). Full thickness 1.5 x 1.5 cm skin
wound excision was done on the back of
every rat.

Rats in P1 were excised and the wound was
smeared with NA-CMC gel twice a day for
14 days. P2 group was induced by STZ, and
excision was performed, the wound was
smeared with 0.1% Gentamycin ointment,
for 14 days. P3 group was induced by STZ
and excision was carried out, the wound was
smeared with Spirulina sp. gel. 10% twice a
day for 14 days. P4 group 4 was induced by
STZ and excision was performed, the
wound was smeared with Spirulina sp. gel.
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15% twice daily for 14 days. P5 group was
induced by STZ and excision was
performed, the wound was smeared with
Spirulina sp. gel. 20% twice a day for 14
days. After the study on the 14th day all
sacrificed rats were euthanized using
Ketamine and Xylazine at a dose of 0.5 mL
which were injected intramuscularly. A
biopsy excision was performed on the scar
tissue with a 4 cm square incision with a
depth of up to the subcutis.

MDA levels are determined using
Colorimetric/Fluorometric test for lipid
peroxidation with an ELISA kit which will
be calculated in units (nmol/ml) on
microplate  reader.  Collagen  density
measurement are determined as red fibers in
Picrosirius red staining, observed using a
CX 41 Optimus microscope with an Optilab
camera at 100x magnification at 3 fields of
view and input in Adobe Photoshop and
Image J, the number of collagens will be
calculated in units (% pixel).

STATISTICAL ANALYSIS

The research data were analyzed using
SPSS version 26.0 (IBM SPSS Statistics for
Windows; IBM Corp., Armonk, NY, USA).
The One-Way ANOVA test was used to
analyzed the variables for statistical

comparison. A P value of less than 0.05 was
considered as statistically significant. The
best cutoff value was determined using
receiver operating characteristics (ROC)
analysis.

RESULT

Based on the results of One-Way ANOVA
test, the p value of MDA levels <0.001
indicated that there was a significant
difference between the 4 matched groups,
then a Post Hoc test was performed on LSD
to see which group had a significant
difference. Malondialdehyde levels between
study groups showed significant differences
with p values = <0.001 in all group
comparisons. The results of One-Way
ANOVA analysis on collagen density
obtained a p value = 0.116 indicating that
there was no significant difference between
the groups being compared.

On the variables MDA and collagen density,
the descriptive analysis comprises the mean,
standard deviation (SD), minimum, and
maximum. Effect analysis was tested based
on the average MDA and collagen density
between groups before and after being given
treatment and its increase/decrease. Table 1
displays the findings of the analysis.

Table 1 - Descriptive Analysis Variables MDA and Collagen Density

Variables [ Mean [ SD | Median | Minimum | Maximum
MDA levels (nmol/ml)

P1 0,944 | 0,0064 | 0,945 0,935 0,952
P2 0,731 | 0,0027 | 0,731 0,729 0,736
P3 0,678 | 0,0065 | 0,680 0,670 0,686
P4 0,591 | 0,0022 | 0,592 0,589 0,594
P5 0,496 | 0,0059 | 0,471 0,462 0,476
Collagen density (% pixel)

P1 31,53 | 13,27 | 35,04 13,63 44,76
P2 49,53 | 19,08 47,75 24,42 73,35
P3 65,97 | 18,31 | 67,83 40,12 85,84
P4 64,76 | 8,12 63,83 56,12 77,50
P5 69,30 | 7,98 70,59 56,18 78,79

Analysis of the treatment effect was tested
based on the MDA and collagen density
between groups after being given treatment
in the form of excised wound, diabetes
induced and Spirulina ethanol extract gel.
Malondialdehyde and collagen density data
were tested for normality using the Shapiro-
Wilk test. The results show that data are
normally distributed (p > 0.05) and were

tested for homogeneity using Levene's test.
The findings demonstrate non-homogeneous
data for Collagen density (p < 0.05) and
homogenous data for MDA (p > 0.05).
Significance analysis using the one-way
ANOVA test for MDA and collagen shows
that the value of p = <0.001 & p = 0.116.
The test for differences in the mean MDA
between groups was carried out using the
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Post Hoc Least Significant Difference
(LSD) test. Based on the difference results
on the mean MDA levels between groups, it
can be concluded that there were
statistically significant differences in MDA
levels in all groups because they had a p
value < 0.001.

group was not significantly different compared to the P4, P3,
P2 groups (p value = 0.116) (black arrows indicate collagen
fibers)

DISCUSSION

Delayed Wound Healing in Diabetes
Mellitus

Normal wound healing proceeds through
phases of inflammation, proliferation, and
remodeling in response to tissue injury.
Interference with any of these wound
healing phases can cause the wound to
become chronic and require some form of
intervention. One of the reasons for the
delay in the wound healing process is
diabetes and aging (Mathew-Steiner et al.,
2021).

Diabetes mellitus (DM) is a group of
metabolic pathologies characterized by
impaired insulin production and/or function,
which causes hyperglycemia. Diabetes
mellitus greatly affects the quality of life

Aging and diabetes have important factors
including oxidative stress and inflammation.
In the early stages of diabetes, there is
persistent accumulation of oxidative damage
to biomolecules caused by ROS which are
produced in all cells especially by
mitochondria. Mitochondria are major
producers and also major targets of ROS
because they damage mitochondrial DNA
(mtDNA) leading to increased ROS
production. An increase in mMtDNA
mutations can accelerate aging (Moura et
al., 2019).

Diabetic wounds have a microenvironment
with increased levels of glucose, advanced
glycation end products (AGEs), ROS, and
inflammatory cytokines. Oxidative stress is
a disturbance in the balance of pro-oxidants
and antioxidants which is characterized by
increased levels of reactive oxygen species.
Diabetes increases ROS levels which are
harmful to wound healing and inhibits
migration and proliferation of keratinocytes.
Elevated ROS levels stimulate apoptosis
which impairs the healing response in
diabetes. High levels of ROS induce the
production of inflammatory cytokines such
as TNFo which, when their activity is
inhibited,  reepithelialization  increases
significantly.  Diabetes  also  causes
prolonged expression of chemokines which
causes difficulty in  downregulating
inflammation, contributing to poor healing
outcomes (Wang and Graves, 2020).

The Effect of Spirulina Ethanol Extract
Gel on MDA

Malondialdehyde levels in diabetes mellitus
increase significantly and cause
complications. The reaction of MDA with
the lysine and arginine side chains of
protein-bound collagen not only affects
collagen function by making collagen less
susceptible to degradative enzymes but also
causes changes in collagen and affects
collagen interactions. This MDA reaction
interferes with the normal process of wound

and survival expectations of patients ~ healing (Ooetal., 2017). o
(Spampinato et al., 2020). The study by Elbialy showed that Spirulina
sp. has potential in wound healing. Spirulina
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sp. is a blue-green algae that has anti-
inflammatory and antioxidant properties that
is used as a food supplement and is known
as a "Superfood" (Elbialy et al., 2021).

The content of flavonoids in Spirulina sp.
able to increase levels of SOD, CAT, GSH,
GST and GPx and reduce the amount of
MDA showing antioxidant effects and
increasing the wound healing process.
Flavonoids that promote re-epithelialization
are able to increase keratinocyte migration
and attachment of the respective epithelium
to the wound. This causes the release of
growth factors to increase mitosis and
epithelial hyperplasia, accelerating the
proliferative phase during the healing
process (Carvalho et al., 2021).

Flavonoids are able to activate the
Ras/Raf/MEK/ERK pathway which
promotes proliferation, differentiation and
secretion of keratinocytes, and increases the
expression of MMP-9 which is an important
molecule in reepithelialization and promotes
migration through the internal fibroblast
(Smad) signaling pathway (Carvalho et al.,
2021).

Research conducted by Liu et al (2019) rats
with excision wounds that were treated with
Spirulina sp. extract. 4% topically showed
lower MDA levels compared to the control
group. These results indicate that the extract
of Spirulina sp. 4% had a positive effect on
antioxidants by inhibiting MDA levels
during skin wound healing in mice, the
MDA value in this group of mice was 0.360
nmol/mg, whereas in the control group the
MDA value was 0.980 nmol/mg (Liu et al.,
2019).

Gargouri  stated in  his  research,
administration of Spirulina to diabetic rats
increased the activity of antioxidant
enzymes such as CAT and GPx which
limited the level of free radicals. Spirulina’s
antioxidant and protective effects are related
to the content of flavonoids, phycocyanins,
minerals, vitamins, proteins.

The mean MDA levels in this study were
the lowest in the P5 group which received
Spirulina sp 20% ethanol extract gel
treatment with a yield of 0.470 nmol/mL

when compared to the other groups. The
highest MDA level was found in the P1
group with a value of 0.944 nmol/ml which
received treatment with NaCMC gel
smeared on the excision wound, in the
macro picture of the excision wound of the
P1 group rats there were signs of infection
and pus, the wound quality of the P1 group
was not good so that the MDA results were
in the P1 group tall. The macro picture of
the excision wound in group P2 which
received Gentamicin ointment, the wound
had no signs of infection, no pus, but there
was a scar that didn't close properly. The
MDA of P2 group rats was 0.731 nmol/mL.
The results of the One-Way ANOVA test
showed that there was a significant
difference with a p value = <0.001, the P5
group had a lower MDA level of 0.262 than
the P2 group. Spirulina ethanol extract gel
has the ability as an antioxidant to reduce
MDA in wound healing in diabetic rat
models, while  Gentamicin is an
aminoglycoside class of antibiotics, does not
have antioxidant properties, only has
bactericidal  properties. These  results
indicate that Spirulina is an antioxidant and
is an antiaging medicine agent by inhibiting
the increase in MDA which can fight free
radicals.

The Effect of Spirulina Ethanol Extract
Gel on Collagen Density

The flavonoid content in spirulina which has
anti-inflammatory properties can increase
collagen fibers by stimulating keratinocytes
and increasing DNA synthesis
(Mehdinezhad et al., 2021). C-phycocyanin,
purified from spirulina, was reported to
increase rat wound healing and fibroblast
migration. The effect of spirulina plantesis
crude protein (SPCP) on CCD-986sk human
fibroblast activity was shown to increase
collagen formation in CCD-986sk cells and
decrease elastase activity which plays an
important positive role in wound repair.
Migration and proliferation of CCD-986sk
cells have been shown to be driven by SPCP
through the phos-phoinositide 3-kinase
(PI13K)/protein kinase B (Akt) signaling

International Journal of Research and Review (ijrrjournal.com) 483
Volume 10; Issue: 7; July 2023



Jeane Cynthia Wongso et.al. Administration of spirulina ethanol extract gel made malondialdehyde levels lower
and collagen density higher in wound healing Wistar rat model diabetes mellitus

pathway. The effect of SPCP on human
fibroblasts provides a possible application to
enhance skin wound repair (Liu et al.,
2020).

Research conducted by Liu in 2019,
revealed that the expression level of type |
collagen was higher in the group of mice
with excision wounds treated with 4%
Spirulina than in the control group. These
results indicate that Spirulina 4% increases
the deposition of type | collagen during skin
wound healing. Other components of the
ECM also play an important role in wound
healing, such as fibronectin. Although the
ECM plays an important role in wound
healing, excessive deposition can lead to
fibrosis, scarring, and loss of tissue
function. The balance of ECM production is
important for perfect wound closure (Liu et
al., 2020).

Research by Elbialy on the healing of rat
incisions and burns determined by the
percentage of the wound surface covered by
epidermal regeneration in rats with or
without  topical  Spirulina application
showed that wounds treated with Spirulina
improved faster. After the 15th day of the
incision wound and the 21st day of the burn
wound, the wound that was given topical
Spirulina did not have a scar, while the
control rats had a clear scar. Topical
spirulina made a significant contribution to
wound healing, compared to the control
group.

Histological analysis in Elbialy's study to
evaluate the wound healing process on day
15 showed a moderate degree of
epithelialization and  remodeling  of
connective tissue with a mild degree of
necrosis, granulation tissue formation, and
inflammatory cell infiltration in wound
healing rats given topical Spirulina.
Spirulina can enhance the wound healing
process by increasing angiogenesis and
collagen deposition (Elbialy et al., 2021).
Wound healing in diabetes is hampered
because the ulcerated epidermis causes
interference with the extracellular matrix
which contributes to the loss of tissue
integrity resulting in type 1 collagen

deficiency so that the proliferation and
migration of fibroblasts in the wound is
hampered.

The results of collagen density in this study
obtained a p value = 0.116 indicating that
there was no significant difference between
the administration of Spirulina ethanol
extract gel and the group that was smeared
with Gentamicin ointment. The density of
collagen in the P4 group that was smeared
with 15% Spirulina ethanol extract gel
obtained 64.82% pixels was also lower
compared to the P3 group that was smeared
with 10% Spirulina ethanol extract gel with
a yield of 65.97% pixels. Administration of
10% spirulina ethanol extract gel was able
to provide an anti-inflammatory effect on
wound healing in Wistar rats. Research
conducted by Rizqi using Spirulina gel with
96% and 70% ethanol extract on the 3rd day
of healing of the gingival wounds of Wistar
rats also showed no significant difference.

CONCLUSION

From this study, it is known that
administration Spirulina ethanol extract
20% gel was more effective in reducing
malondialdehyde levels in wound healing in
Wistar rats model diabetes mellitus than the
control group. Administration of Spirulina
ethanol extract gel did not differ in
increasing collagen density compared to
control group. Spirulina can be used as an
alternative drug with the ability as an
antioxidant.
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