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Abstract: Diabetic wounds are chronic wounds associated with a high risk of infection, oxidative stress, and
impaired angiogenesis. In recent years, the wound-healing potential of biomaterials has become a significant
area of research. One biomaterial that has gained popularity in this context is 45S5 bioactive glass. This study
aimed to investigate the effects of a 45S5 bioactive glass ointment on wound healing in a diabetic wound
model infected with methicillin-resistant *Staphylococcus aureus* (MRSA). Twenty-four male Wistar
Albino rats, rendered diabetic via streptozotocin, were divided into three groups: control (CTR), bioactive
glass (BG), and mupirocin (MUP). Full-thickness skin wounds were created on all animals and subsequently
infected with MRSA; topical treatments were administered for 21 days. Changes in wound area were
evaluated macroscopically, and bacterial load was determined using a quantitative culture method.
Additionally, levels of malondialdehyde (MDA), glutathione (GSH), and catalase (CAT) in the wound tissues
were analyzed. Histopathological examination was performed alongside an assessment of vascular
endothelial growth factor A (VEGFA) immunohistochemical expression. It was determined that bacterial load
was significantly reduced in the BG and MUP groups compared to the CTR group (p<0.05). Furthermore, the
wound area was found to be significantly smaller in both treatment groups compared to the CTR group on
days 10, 15, and 21 (p<0.05). In the BG group, MDA levels decreased significantly compared to the CTR
group, while GSH levels and CAT activities increased significantly (p<0.05). Histopathological examinations
revealed reduced edema and inflammatory cell infiltration, along with increased granulation tissue formation
and angiogenesis, in the BG group. Furthermore, VEGFA immunoexpression was found to be higher in the
BG group compared to the CTR group. These findings suggest that the ointment containing 45S5 bioactive
glass may contribute to the reduction of bacterial load and oxidative stress and may be associated with
improved angiogenesis and wound healing.

Keywords: 45S5 bioactive glass, infected diabetic wound, MRSA, oxidative stress, streptozotocin.

45S5 Biyoaktif Cam iceren Merhemin MRSA ile Enfekte Diyabetik Sican Yaralarinda Oksidatif Stres,
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Anjiyogenez ve Yara Iyilesmesi Uzerine Etkileri

Oz: Diyabetik yaralar, yiiksek enfeksiyon seviyeleri, oksidatif stres ve zayif anjiyogenez ile iliskili kronik bir
yara tiiriidiir. Son birkag¢ yildir, biyomateryallerin yara iyilestirme potansiyeli dnemli bir aragtirma alani
olmustur. Bu baglamda popiilerlik kazanan biyomateryallerden biri de 45S5 biyoaktif camdir. Bu ¢alisma,
metisiline direngli Staphylococcus aureus (MRSA) ile enfekte edilmis diyabetik bir yara modelinde 45S5
biyoaktif cam merheminin yara iyilesmesi iizerindeki etkilerini aragtirmay1 amaglamistir. Streptozotosin ile
diyabet olusturulan 24 erkek Wistar Albino sigan, ii¢ gruba ayrilmistir: kontrol (CTR), biyoaktif cam (BG)
ve mupirosin (MUP). Tiim hayvanlara tam kalinlikta bir deri yaras: olusturulmus ve daha sonra MRSA ile
enfekte edilmistir; 21 giin boyunca topikal tedaviler uygulanmistir. Yara alan1 degisiklikleri makroskobik
olarak degerlendirilmis; bakteri yiikii kantitatif kiiltiir yontemiyle belirlenmistir. Ayrica, yara dokularindaki
malondialdehyde (MDA), glutatyon (GSH) ve katalaz (CAT) diizeyleri analiz edildi. Histopatolojik inceleme,
vascular endothelial growth factor A (VEGFA) immiinohistokimyasal ekspresyonunun degerlendirilmesiyle
birlikte gerceklestirildi. BG ve MUP gruplarinda bakteriyel yiikiin kontrol grubuna gére anlamh diizeyde
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azaldig1 belirlendi (p<0.05). Ayrica 10., 15. ve 21. giinlerde her iki tedavi grubunda yara alaninin CTR
grubuna kiyasla anlamli derecede daha kii¢iik oldugu saptand: (p<0.05). BG grubunda MDA diizeyleri CTR
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grubuna gore anlamli olarak azalirken, GSH diizeyleri ve CAT aktiviteleri anlamli sekilde arttt (p<0.05).
Histopatolojik incelemelerde BG grubunda édem ve yangisal hiicre infiltrasyonunun azaldigi, graniilasyon
dokusu olusumu ile anjiyogenezin arttig1 gozlendi. Ayrica VEGFA immiinoekspresyonunun BG grubunda
kontrol grubuna gore daha yiiksek oldugu belirlendi. Bu bulgular, merhemin bakteriyel yiik ve oksidatif
stresin azaltilmasina katkida bulunabilecegini ve anjiyogenez ile yara iyilesmesinin iyilestirilmesiyle iligkili
olabilecegini diisiindiirmektedir.

Anahtar kelimeler: 45S5 biyoaktif cam, diyabetik enfekte yara, MRSA, oksidatif stres, streptozotosin.

INTRODUCTION

Wound healing is a complex and dynamic
biological process consisting of four fundamental phases
that follow one another but partially overlap. These phases
are defined, in order, as hemostasis, inflammation,
proliferation, and remodeling. The hemostasis phase
represents the body’s rapid initial response to tissue damage,
while the inflammation phase begins immediately following
injury and typically lasts approximately 48 hours
(Diegelmann & Evans, 2004).

Wound healing is a process that can be influenced
by various systemic and local factors, such as diabetes,
infection, malnutrition, and aging (Kirgiz et al., 2024). The
World Health Organization has reported that there are 422
million people with diabetes worldwide. In individuals with
diabetes, foot wounds and associated infections are a major
cause of morbidity and pose a serious public health problem
(Del Core et al., 2018). The ulceration of these wounds
increases the risk of infection and, in severe cases, can result
in limb loss or mortality (Jiang et al., 2015). Numerous
factors influence diabetic wound healing, including
recurrent microbial infections, excessive accumulation of
reactive oxygen species (ROS), cellular dysfunction, and
impaired angiogenesis and vasculogenesis associated with
aging (Xu et al.,, 2024). One of the main challenges
complicating the treatment of these wounds in clinical
practice is the colonization of the wound site by resistant
microorganisms (Ali et al., 2022; Saltoglu et al., 2018). In
severe wound infections, Staphylococcus aureus and
Escherichia coli are among the most commonly encountered
colonizing microorganisms (Kalan et al., 2019). The
biofilms formed by these bacteria and the virulence factors
they secrete not only contribute to bacterial resistance but
also negatively affect the angiogenesis process and the
functions of immune cells, thereby exacerbating the
inflammatory response (Hall & Mah, 2017).

In recent years, biomaterials have been used in
wound healing, yielding effective results as alternatives to
standard treatments (Ahmad et al., 2026; Li et al., 2022;
Raina et al., 2022). 45S5 bioactive glass has long been
recognized as a biomaterial that effectively supports
osteogenic cell activity in bone regeneration (Ozarslan,
2023). More recent studies, however, show that 45S5
bioactive glass containing 45% SiO2, 24.5% CaO, 24.5%
Na:0, and 6.0% P»0s can interact not only with bone tissue

but also with soft tissues (Kirgiz et al., 2024; Temel-Soylu
et al., 2024). It has been reported that this material supports
angiogenesis and accelerates the wound healing process by
increasing the expression of vascular endothelial growth
factor (VEGF) (Kirgiz et al., 2024; Temel-Soylu et al.,
2024). Furthermore, it is stated that 45S5 bioactive glass
nanoparticles accelerate hemostasis and contribute
positively to overall biocompatibility (Kirgiz et al., 2024;
Temel-Soylu et al., 2024). On the other hand, thanks to the
ion release from 45S5 bioactive glass, it not only supports
tissue regeneration but can also exert an antibacterial effect
by increasing the local pH (Kirgiz et al., 2024; Temel-Soylu
et al., 2024). There are some studies indicating that bioactive
glass yields positive results on diabetic wounds (Tang et al.,
2021; Vargas Guerrero et al., 2024; Xie et al., 2021).
However, most existing studies address diabetic wound
healing in general, and no data have been found regarding
the effect of bioactive glass on infected diabetic wounds. Yet
in cases accompanied by infection particularly due to
resistant microorganisms that form biofilms wound healing
becomes even more challenging. Therefore, there is a need
for new treatment approaches that can both combat infection
and support tissue healing.

The aim of this study was to evaluate the effects of
45S5 bioactive glass on wound healing in an infected
diabetic wound model and to investigate its effects on
oxidative stress, angiogenesis, and microbial load.

MATERIAL AND METHOD

Preparation of a Bioactive Glass Ointment: In this
study, 45S5 bioactive glass (BONE-G ACTIVE; REF:
BGA025.0.5/2, Turkey) was used to prepare a composite
wound ointment. Vaseline, a commercially available
ointment (Krauterhof Vaseline, Germany), served as the
carrier matrix due to its history of clinical use. This vaseline
was chosen because it has no known positive or negative
effect on wound healing (Penven et al., 2005). The bioactive
glass- vaseline formulation was prepared at the Chemistry
and Metallurgy Laboratory of Yildiz Technical University
based on previously described methods (Mao et al., 2014;
Ozarslan et al., 2023). The vaseline was first liquefied by
heating it to approximately 65 °C. Next, bioactive glass
powder (average particle size <50 pm) was slowly added to
the molten vaseline under continuous stirring to ensure a
homogeneous distribution. The final composition consisted
of 16% (by weight) bioactive glass and 84% (by weight)
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vaseline. The mixing process continued until the formulation
began to cool; afterward, the ointment was allowed to reach
room temperature. The prepared composite was stored under
appropriate conditions until it was used in in vivo
experiments.

Ethics Approval and Laboratory Animals: The
ethical approval required for this study was obtained from
the Local Animal Experimentation Ethics Committee of
Hatay Mustafa Kemal University (Decision No. 2026/05-
11). All experimental procedures were conducted in
accordance with national legislation regarding the welfare
and protection of laboratory animals and with European
Union Directive 2010/63/EU on the protection of animals
used for scientific purposes.

A total of 24 adult male Wistar Albino rats
weighing between 250 and 300 g were used in the study. The
animals were housed individually in polycarbonate cages in
a controlled environment maintained at 23 + 2 °C and 55%
humidity, with a 12-hour light—12-hour dark cycle. All rats
were provided with water and standard chow ad libitum. The
MRSA strains used in the experimental procedures were
obtained from the Microbial Bank of the Microbiology
Laboratory at the Faculty of Medicine Hospital of Hatay
Mustafa Kemal University.

Surgical Procedure: Laboratory animals were
randomly assigned to three experimental groups (CTR,
MUP, and BG; n = 8 per group) using a computer-generated
random number sequence. To induce diabetes in the rats,
each rat was fasted for 12 hours and then administered a
single intraperitoneal dose of streptozotocin (65 mg/kg),
freshly prepared in 0.1 M sodium citrate buffer (pH 4.5; CAS
No. 6132-04-3, ISOLAB Laborgerite GmbH, Eschau,
Germany). After 72 hours, blood was collected from the tail
vein, and blood glucose levels were measured using a
glucose meter (Accu-Check Instant, Germany). Rats with
blood glucose levels >250 mg/dL were considered diabetic
(Table 1). Following the onset of diabetes, all rats included
in the study were administered general anesthesia via
intramuscular injection of 10 mg/kg xylazine HCI
(Sanazalin, Santavet, Turkey) and 100 mg/kg ketamine HCI
(Keta-kontrol, Doga Ilac, Turkey) prior to wound creation in
the dorsal interscapular region. The area where the wound
was to be created was shaved with an electric razor and then
disinfected with an antiseptic solution. Subsequently, a full-
thickness skin wound measuring 1.5 x 1.5 cm was created in
each animal. In all groups, freshly prepared MRSA strains at
a concentration of 108 CFU/30 pL were inoculated into the
wound site immediately after surgery. To prevent
contamination of the wound, it was quickly covered with a
hydrocolloid wound dressing (SafWound, Turkey). After
three days, the dressing was removed, and infection was
confirmed following an assessment of the presence of
secretions in the area and bacterial culture counts.

Control Group (CTR):

No treatment was administered to the animals in
this group; wound care was provided solely by applying
saline solution to the wound surface once a day.

Bioactive Glass Group (BG):

The bioactive glass-containing ointment, which
formed the basis of the study, was applied topically to the
wound surfaces of the animals in this group once every 24
hours for 21 days.

Mupirocin Group (MUP):

The 2% mupirocin  ointment (Dextrocin,
Pharmaactive, Turkey) was applied topically once daily for
21 days to the wounds of the rats in this group.

In the experimental applications, 45S5 bioactive
glass ointment and mupirocin-containing ointment were
applied once daily to each wound, ensuring complete
coverage of the wound surface. Since a fixed weight of
ointment was not weighed and used during application, the
amount of ointment applied was not determined in
milligrams.

Wound Area Measurement: For macroscopic
evaluation, photographs of the wound site were taken on
days 1, 5, 10, 15, and 21, and measurements were obtained
using the ImageJ 2X software.

Biochemical Analysis of Wound Tissues: Each
wound tissue sample was diluted 1:10 (weight/volume) ratio
with phosphate-buffered saline (0.01 M, pH = 7.4), then
homogenized at +4 °C at 5,000 g for 5 minutes using a
homogenizer (IKA T18 Digital Ultra-Turrax, Germany), and
the supernatants were collected. Malondialdehyde (MDA)
levels (MDA ELISA Kit, Catalog No.: ER1878, FineTest,
China), glutathione (GSH) levels (GSH ELISA Kit, Catalog
No.: E-EL-0026, Elabscience, USA), and CAT activities
(CAT ELISA Kit, Catalog No.: QT-ER0264, FineTest,
China) were measured according to the methods specified in
the respective rat-specific commercial kits. MDA levels in
wound tissue were reported in ng/mL, GSH levels in pg/mL,
and CAT activities in mIU/mL.

Histopathological and immunohistochemical
examination: Skin samples collected following necropsy
were fixed in a 10% neutral formaldehyde solution for 72
hours, then trimmed and washed overnight in tap water.
They were subsequently processed through routine tissue
preparation procedures and embedded in paraffin. Sections
cut from the paraffin blocks onto slides were stained with
hematoxylin and eosin and examined under a light
microscope. The histopathological
performed semi-quantitatively according to a previously
reported study (Erol et al., 2025;Kirgiz Akcakavak, 2025
Kirgiz et al., 2026). In this context, edema, inflammatory cell
infiltration, and the absence of angiogenesis were scored as
0 (none), mild (+), moderate (++), severe (+++) and very
severe (++++). In addition, scores ranging from (+) to

evaluation was
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(++++) were assigned based on the presence of fibroblasts,
fibrocytes, and collagen in the region during granulation
tissue formation.

Sections cut from paraffin blocks onto slides were
subjected to removal procedures.
Immunohistochemical staining was performed using a
commercial kit according to a previously reported method.
The VEGFA antibody (Affinity Biosciences, AF5131, USA)
was used as the primary antibody, and DAB was used as the
chromogen. Immunohistochemical evaluation was scored
semi-quantitatively as absent (0), mild (+), moderate (++),
severe (+++) and very severe (++++) (Kirgiz et al., 2026).

Wound area measurements, histopathological
evaluations, and immunohistochemical VEGFA scoring
were performed under blinded conditions, in which the
evaluators were unaware of the information regarding the

paraffin

experimental groups. Histopathological and
immunohistochemical scores were evaluated
observationally.

Statistical Analysis: The data obtained from the
present study were analyzed using SPSS 25 (Inc., Chicago,
USA). The Shapiro-Wilk test was used to assess the
normality of the data distribution, and the Levene test was
used to assess the homogeneity of variances. Bacterial load,
wound area, and biochemical results were analyzed using
ANOVA and post-hoc Duncan tests. The accepted level of
significance was p<0.05.

RESULTS

Blood Glucose, Quantitative Microbiological
Cultures, and Wound Site: Blood glucose levels increased
significantly 72 hours after streptozotocin administration
compared with pre-STZ levels in all experimental groups
(p<0.001; Table 1). Quantitative culture results obtained
from wound tissue revealed that the bacterial load was
significantly reduced in both the BG and MUP groups
compared with the CTR group (p<0.05; Figure 1A). The
lowest bacterial count was observed in the bioactive glass
(BG) group, while a statistically significant reduction was
also observed in the mupirocin (MUP) group compared to
the CTR group (Figure 1A) (p<0.05). In the macroscopic
wound area assessment, a reduction in wound area was
observed over time in all groups. However, wound
contraction and closure were found to be more pronounced
in the BG group compared to the other groups. Specifically,
on days 10, 15, and 21, the wound areas in the BG and MUP
groups were found to be significantly smaller than those in
the CTR group (Figure 1B) (p<0.05).

Table 1. Blood glucose levels of the experimental groups before and 72
hours after streptozotocin administration.

Group Before STZ (mg/dL) 72 h after STZ (mg/dL) p
CTR 96.13 £ 4.64 401.75 +18.17 <0.001
MUP 107.00 +5.24 422.13 +£ 15.25 <0.001

BG 106.00 + 4.08 401.25 +22.66 <0.001

Values are presented as mean + standard error of
the mean (SEM) (n = 8 per group). Statistical analysis was
performed by comparing the pre- and post-STZ blood
glucose levels of the same animals using a paired t-test.

A B

mm CTR
= BG
= MUP

2.0

1.5
b

0.5

CFUIg
-
=

e

w

Wound area

0.0
CTR BG MUP

Figure 1. Quantitative microbiological culture results and changes in
wound area in the experimental groups. (A) Quantitative MRSA culture
results obtained from wound tissue (CFU/g tissue). (B) Changes in wound
area measured on days 1, 5, 10, 15, and 21 in the experimental groups. Data
are presented as mean + standard error of the mean (SEM) (n = 8/group).
Different letters (a—c) at each time point indicate statistically significant
differences between experimental groups (p<0.05). Individual data points
represent the measurement values for each animal.

Biochemical Findings: The MDA levels, GSH
levels, and CAT activities in the wound tissues of the groups
are presented in Figure 2. The CTR group was found to have
higher MDA levels than the BG and MUP groups, and the
lowest MDA level was observed in the BG group (p<0.05).
No statistically significant difference was found in GSH
levels between the BG and MUP groups (p>0.05); however,
it was determined that the GSH levels in these groups were
higher than those in the CTR group (p<0.05). It was found
that the BG group had the highest CAT activity among the
groups, and that the MUP group’s CAT activity was also
higher than that of the CTR group (p<0.05).

MDA (ng/mL) GSH (ug /mL) CAT (mIU/mL)
200
150 b
100

50

CTR BG MUP

CTR BG MUP

CTR BG MUP

Figure 2. Levels of MDA (A), GSH (B), and CAT (C) in wound tissues of
the experimental groups. Data are presented as mean + standard error
(SEM). Differences between groups denoted by different letters are
statistically significant (p<0.05, one-way ANOVA and Duncan’s multiple
range test). CTR: Control group, BG: Bioactive glass group, MUP:
Mupirocin group, MDA: Malondialdehyde, GSH: Glutathione, CAT:
Catalase.

Histopathological and Immunohistochemical
Findings: The histopathological and immunohistochemical
scores across groups are presented in Table 2. The highest
scores for edema and inflammatory cell infiltration were
observed in the CTR group, whereas the BG group showed
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lower scores for these parameters. The lowest scores for
granulation tissue formation and angiogenesis were
observed in the CTR group, whereas the BG group showed
higher scores for these parameters. In the
immunohistochemical evaluation of VEGFA, the CTR
group had the lowest scores, whereas the BG group resulted
in an increase in  immunoreactivity. VEGFA
immunoreactivity showed cytoplasmic localization in

keratinocytes, fibroblasts, macrophages, and vascular
endothelial cells (Figure 3).

Table 2. Appearance of histopathological and immunohistochemical scores
among experimental groups.

Parameter CTR BG MUP
Edema +++ + ++
Inflammatory cell infiltration ++ ++ +++
Granulation tissue formation + ++ ++
Angiogenesis + +++ ++
VEGFA + ++ ++

T B P SN X
}.‘ . x \ S &eh\,al‘é. 5

Figure 3. Appearance of histopathological and immunohistochemical photomicrographs across experimental groups; A,a represent the CTR group; B,b, the
MUP group; and C,c, the BG group. Black arrows indicate angiogenesis; blue arrows, inflammatory cell infiltration; and asterisks, granulation tissue.

DISCUSSION

Wound healing is defined as a biological process
consisting of four phases hemostasis, inflammation,
proliferation, and remodeling that occurs to restore tissue
integrity. It is generally known that in the normal wound
healing process, the proliferation phase is largely
completed within 21 days, and the remodeling phase
begins (Gonzalez et al., 2016; Landén et al., 2016; Sorg et
al., 2017). On the other hand, diabetic wounds follow a
different course from the normal wound healing process
due to the development of various pathophysiological
events particularly subacute or chronic inflammation,
increased oxidative stress, reduced angiogenesis, and
inadequate granulation tissue formation which prolong the
wound healing process (Deng et al., 2021; Okonkwo &
DiPietro, 2017). In the study presented in this context, a
21-day experimental protocol was established, and edema,
angiogenesis, inflammatory cell infiltration, and
granulation  tissue  formation  were  evaluated
histopathologically. The findings indicated that the BG
group had positive effects on edema, inflammatory cell
infiltration, granulation tissue, and angiogenesis compared
to the CTR group. Based on this result, it is thought that

BG may reduce the inflammatory response and exert
effects that support regenerative processes (Lin et al., 2019;
Rahaman et al., 2011).

In the present study, when the effects of
mupirocin and the ointment containing 45S5 bioactive
glass were evaluated together, it was observed that both
treatments yielded positive results compared to the CTR
group in terms of reducing bacterial load and decreasing
wound area. While the lowest bacterial load was observed
in the BG group, a statistically significant reduction was
also detected in the MUP group compared to the CTR
group (p<0.05). However, although wound contraction and
closure appeared more pronounced in the BG group, no
statistically significant difference was observed. While
mupirocin is thought to contribute to the control of wound
infection primarily through its antibacterial activity, it is
believed that 45S5 bioactive glass may exert its effects not
only through antibacterial activity but also via multiple
biological mechanisms that could influence the different
stages of wound healing. In the present study, the BG group
showed not only a reduction in bacterial load but also lower
MDA levels, higher GSH levels and CAT activity, and
greater granulation tissue formation, angiogenesis, and
VEGFA immunoexpression. The ointment containing
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4585 bioactive glass may therefore help control infection
while also contributing to wound repair through reduced
oxidative stress and support for processes such as
angiogenesis. VEGF has important functions in wound
healing, especially in the formation of new blood vessels.
It stimulates endothelial-cell proliferation, migration, and
new-vessel formation, thereby facilitating the delivery of
oxygen and nutrients to the wound site (Byrne et al., 2005;
Shi et al., 2023). In diabetic wounds, by contrast, VEGF
signaling is reduced by oxidative stress, hyperglycemia,
and chronic inflammation, which leads to inadequate
angiogenesis and delayed healing (Bao et al., 2009;
Kolluru et al., 2012; Okonkwo & DiPietro, 2017). The
present study likewise found the lowest VEGFA
expression in the CTR group, a result interpreted as
reflecting insufficient granulation tissue formation,
inadequate angiogenesis, and irregular tissue perfusion.
VEGFA levels were significantly higher in the BG group
than in the CTR group. This may be because BG stimulated
angiogenesis, fibroblast activity, and granulation tissue
development more effectively. The rise in VEGFA
expression may also have supported the maturation of new
blood vessels, improving the tissue’s supply of oxygen and
nutrients (Dudley & Griffioen, 2023; Pérez-Gutiérrez &
Ferrara, 2023).

Oxidative stress an imbalance between free
radicals and antioxidants affects diabetic wound healing
and the development of wound complications. Excessive
production of reactive oxygen species (ROS) damages
tissue and delays healing (Kumar et al., 2019, Deng et al.,
2021). MDA, a byproduct of lipid peroxidation and a
biomarker of oxidative stress in an organism, forms when
ROS break down polyunsaturated lipids; its levels rise
under diabetic conditions (Ghaisas et al., 2014). GSH and
CAT, meanwhile, are antioxidants abundant in the skin.
They provide a primary defense against free-radical
damage and help counter the harmful effects of excessive
ROS, particularly during diabetic wound healing (Kumar
et al., 2019; Tombulturk and Demirci 2025). It is known
that reducing oxidative stress and strengthening
antioxidant defense are necessary for faster healing of
diabetic wounds (Tombulturk and Demirci 2025, Kirgiz et
al., 2026). To accelerate the wound healing process, ferulic
acid (Ghaisas et al., 2014), curcumin (Kant et al., 2014),
quercetin (Ahmed et al., 2018), hemin (Kumar et al., 2019),
syringic acid (Ren et al., 2019), gallocatechin-silver
nanoparticles (Vendidandala et al., 2021), metformin
(Tombulturk and Demirci, 2025), and eucalyptol (Kirgiz et
al., 2026), it has been reported that oxidative stress markers
such as MDA increase in diabetic rats, while endogenous
antioxidants such as GSH and CAT decrease. Furthermore,
these studies have demonstrated that increased oxidative
stress leads to impaired wound healing in diabetic rats and

that the bioactive compounds used have the ability to
accelerate wound healing in diabetic rats by alleviating
oxidative stress, thereby revealing their therapeutic effects.
Consistent with the literature, the present study observed
significant increases in CAT and GSH antioxidant levels,
along with a concurrent significant decrease in MDA levels
an oxidant in rats treated topically with a bioactive glass-
containing ointment every 24 hours for 21 days, compared
to diabetic control rats. In short, it is believed that the 45S5
bioactive glass-containing ointment contributes to diabetic
wound healing by increasing antioxidant capacity and
simultaneously reducing oxidants that is, by alleviating
oxidative stress.

A limitation of the present study is that, although
vaseline was used as a carrier in the ointment formulation
containing 45S5 bioactive glass, the experimental design
did not include a separate vaseline carrier control group.
Although our previous study reported that vaseline had
neither a positive nor a negative effect on wound healing
(Kirgiz et al., 2024), the current study lacks a vehicle
control group that would allow for the direct differentiation
of the effects of vaseline and 45S5 bioactive glass. In future
studies, the use of an appropriate vehicle control group
containing vaseline will allow for a clearer demonstration
of the independent effect of 45S5 bioactive glass.

CONCLUSION

In conclusion, the topical application of the 45S5
bioactive glass-containing ointment appears to be
associated with a reduction in bacterial load and
inflammation; furthermore, the decrease in MDA levels
and the increase in GSH levels and CAT activity may be
related to the alleviation of oxidative stress, while the
ointment may also contribute to wound healing by
promoting VEGFA expression and angiogenesis. These
findings suggest that the 45S5 bioactive glass-containing
ointment may be a promising alternative treatment option
for diabetic infected wounds; however, further studies
investigating its molecular mechanisms, long-term safety,
and clinical efficacy are needed before it can be
implemented in clinical practice.
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