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ABSTRACT: Wound healing presents a formidable challenge for individuals with Diabetes Mellitus (DM), mainly
stemming from delayed epithelialization processes. Virgin Coconut Oil (VCO) and Nigella Sativa Oil (NSO) are natural
agents commonly employed in DM wound care. Nonetheless, there has been limited histological exploration into their
combined utilization. In this study, diabetic rats were divided into six groups: a positive control, individual VCO and
NSO treatments, and a combination of VCO-NSO with volume ratios of 1:1, 2:1, and 1:2. These interventions were
administered over 7 days, followed by the collection of tissue samples for histological examination. Statistical analysis
was conducted using SPSS 18.0, where mean * SD values underwent one-way analysis of variance (ANOVA). Post hoc
comparisons between groups were performed using Dunnett's analysis. The findings of this investigation demonstrated
that the application of VCO and NSO increased the thickness of both the epidermis and dermis compared to the
untreated group. Notably, the VCO-NSO combination was more effective in reducing edema and decreasing
macrophage and leukocyte counts than either the control group or the single VCO and NSO treatments. The synergistic
effect of the VCO-NSO combination promoted better healing of DM-related wounds by attenuating inflammation and
accelerating re-epithelialization. These compelling results suggest that combining VCO and NSO could be an invaluable
approach for treating DM-associated wounds.
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1. INTRODUCTION

Delayed wound healing is a critical challenge in managing diabetic ulcers [1]. This delay primarily stems
from hyperglycemia, which leads to heightened levels of free radicals, inflammatory cytokines, and thickening
of the capillary basement membrane. These physiological changes, elucidated by Chang, contribute to the
protracted healing process, often resulting in chronic wounds. Tragically, chronic wounds can progress to the
point of necessitating amputation [2]. Moreover, diabetic ulcers significantly elevate the morbidity and
mortality rates among individuals with diabetes. Diabetic patients with ulcers face a 2.5-fold higher risk of
mortality compared to their counterparts without ulcers [3]. The healing process of diabetic ulcers involves
several distinct phases, as identified [4]: the inflammation phase, re-epithelialization, granulation, and
remodeling. A significant contributor to complications in diabetic ulcers is the prolonged inflammatory
process, delayed re-epithelialization, and insufficient formation of new blood vessels [5].

During the proliferation phase, fibroblast and endothelial cells are crucial in covering the wound tissue,
with endothelial cells playing an essential role in angiogenesis. The initiation of the inflammatory process is
triggered by leukocyte migration [4]. However, there is a notable delay in leukocyte migration in the presence
of hyperglycemia. This delay, as outlined by Yadav et al., subsequently exacerbates other stages of the wound
healing process [6]. Various natural ingredients include Virgin Coconut Oil (VCO) [7], which is extracted from
fresh coconut meat (Cocos nucifera) without using high heat or chemicals. VCO has been reported to have the
potential for wound repair in diabetic patients [8]. Another study also reported that VCO could reduce
Streptococcus aureus bacterial colonies in vitro, and can accelerate wound healing by activating Vascular
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Endothelial Growth Factor (VEGF) cytokine signaling [9]. Moreover, a reduction in the size of diabetic ulcers
was observed in patients treated with VCO compared to those receiving 0.9% NaCl [10]. The promotion of
wound re-epithelialization, characterized by decreased fibroblasts and preserved epidermal tissue, was
observed with VCO application [11,12].

Nigella sativa Oil (NSO), also known as black cumin or habbatussauda oil, is extracted from the seeds of
the Nigella sativa plant. NSO is renowned for its diverse therapeutic properties, including diuretic, anti-
bleeding, antibacterial, antitumor, antimalarial, antidiabetic, and antihypertensive effects [13]. NSO also
contains thymoquinone, a key component in wound care [14]. Thymoquinone's beneficial role lies in its ability
to stimulate macrophage interleukin production, thereby inducing the release of chemotactic substances and
growth factors crucial for wound healing. Moreover, it reduces the inflammatory response, damages bacterial
cell lipid membranes, and suppresses IL-1p [13].

The potential combined effect of VCO and NSO in treating diabetic ulcers remains unexplored, despite
their promise. This research aims to establish the effectiveness of VCO and NSO in healing diabetic ulcers.

2. RESULTS

A comparison of macroscopic wound morphology in the inflammatory phase between the study groups
is shown. As shown in the Figure 1, the wounds in the treatment group shrink much faster than those in the
positive control group, which received no treatment. Therefore, these results indicate that topical
administration of VCO and NSO can promote wound healing in diabetic rats, as shown in Table 1. Comparison
of wound diameter between treatment groups.

Figure 1. Wound tissue shape at various concentration ratios: Day 1: Diabetes control (a); treatment with VCO (b);
treatment with NSO (c); treatment with the combination of VCO + NSO at 1:1 (d), 2:1 (e), 1:2 (f). Day 7: Diabetes control
(g); treatment with VCO (h); treatment with NSO (i); treatment with a combination of VCO + NSO with a ratio of 1:1 (j),
2:1 (k), and 1:2 (1). The picture shown is the best picture (N = 5) in each group.

Table 1. Average Wound Diameter

No Group N Pretest (mm) Posttest (mm) and SD
1 Control 5 10 6.25+1.03
2 vCO 5 10 5.3+08
3 NSO 5 10 5.540.8
4 VCO-NSO 1:1 5 10 5.04+0.03
5 VCO-NSO 2:1 5 10 4.68+0.13
6 VCO-NSO 1:2 5 10 3.3+1.08

Description: N is the number of sample animals in one experimental group
The following are the research results from several analysis parameters carried out:
The wound diameter in the treatment group was smaller than in the control group. The smallest

diameter was observed in the combination group compared to the single administration group. Wound size
reduction was most significant with the combination product containing more VCO (2:1) or NSO (1:2).

https://doi.org/10.12991/jrespharm.1734608
J Res Pharm 2025; 29(4): 1590-1600

1591


https://doi.org/10.12991/jrespharm.1734608

Dafriani et al.

Journal of Research in Pharmac
The combination of VCO and NSO in diabetic wound healing Research Article

Figure 2. Histology of wound tissue on day 7: Diabetes control group (a, g); treatment with VCO (b, h); treatment with
NSO (c, i); treatment with a combination of VCO + NSO with a ratio of 1:1 (d, j), 2:1 (e, k), and 1:2 (£, 1). The picture used
is the best picture (N = 5) in each group. This histological analysis is done through Hematoxylin and Eosin Staining.

The images show the epidermis (E) and dermis (D) layers, with post-wound granulation tissue (G) in
the dermis containing collagen matrix (|) along with inflammatory cells (V). Control animals showed
incompletely epithelialized, scab-covered wounds (S), characterized by granulation with loose connective
tissue, a high presence of inflammatory cells, and low levels of fibroblasts and collagen. In contrast, treatment
with VCO, NSO, or their combination showed improved wound healing, complete epithelialization, reduced
inflammatory cells, and increased levels of fibroblasts and collagen. Notably, the VCO and NSO combination
in a 2:1 ratio showed superior histological results compared to the other treatments.

Figure 3. Microscopic measurement of epidermis and dermis thickness. Diabetic control group (a, g); treatment with VCO
(b, h); treatment with NSO (c, I); treatment with VCO + black cumin combination, 1:1 (d, j); treatment with VCO + NSO
combination, 2:1 (e, k); treatment with VCO + NSO combination, 1:2 (£, I). The image shown is the best image (N=5) in
each group.
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Figure 4. Shows the epidermal thickness after intervention on day 7 with significance levels of p < 0.05, p < 0.01, and **p
<0.001.

There is a difference in epidermal thickness between the groups. The thickness is the best in the VCO-
NSO combination group, with the 1:1 VCO-NSO combination showing the best results. The thickness of the
2:1 VCO-NSO combination is comparable to the 1:2 combination.
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Figure 5. Shows the dermal thickness after intervention on day 7 with significance levels of p < 0.05, p < 0.01, and **p <
0.001.

There is a difference in dermis thickness between the groups. The thickness is the best in the VCO-NSO
combination group, with the 1:1 VCO-NSO combination showing the best results. The thickness of the VCO-
NSO 2:1 combination is comparable to the 1:2 combination. A brief explanation of the picture as a result.

Assessment of histological parameters of the skin on day 7 included epidermis thickness, dermis
thickness, and histological scores based on McMinn criteria. The administration of VCO and black cumin, both
individually and in combination, resulted in increased thickness of the epidermis and dermis. The mean
thickness of the epidermis and dermis in combination group 1 was slightly higher than in the other groups.
Histological parameters showed improvement in both single and combination treatments, based on the
McMinn scoring system, compared to the control. The combination treatment generally yielded better
histological parameters than the single treatment, with reduced edema, leukocytes, and macrophages, along
with increased granulation density, fibroblasts, and collagen.
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Table 2. Histological parameters

Group Sample  Epidermis  Dermis Edema  Leukocytes  Macrofag  Granules  Fibroblast  Collagen  Epithelial

1 23.9 366.3 +++ +++ +++ + ++ + +
2 36.3 324.4 +++ +++ +++ ++ + ++ +
Control 3 28.4 2255 +++ +++ +++ + ++ + ++
4 30.4 228.8 +++ +++ +++ + + + +
5 21.5 339.2 +++ +++ +++ + ++ + +
1 75.5 1336.1 ++ ++ ++ ++ +++ 44 S+
2 86.5 847.8 ++ +++ ++ ++ +++ 4+ T+
vco 3 125.5 2421 ++ 4+ ++ ++ e+ ++ ++
4 64.5 1331.7 + ++ +++ +++ ++ +++ ++
5 83.5 1147.5 + ++ +++ ++ ++ ++ ++
1 137.7 1217.8 +4++ ++ +++ +4++ ++ ++ +++
Nigella 2 46.5 220.7 +++ +++ +++ ++ ++ ++ ++
Segii\{a 3 87.1 932.7 ++ +++ +++ ++ ++ ++ ++
(NSO) 4 122.7 12314 ++ +++ +++ +++ ++ ++ +++
5 54.3 1247.3 +++ + ++ ++ ++ +++ ++
1 131.5 1975.9 + + + +++ ++ +++ +++
2 1444 1645.8 ++ ++ ++ ++ ++ 44 4+
stfﬁl 3 1395 10264  ++ ++ ++ -+ -+ it i
4 125.6 1975.9 + + ++ ++ + 4+ 44
5 142.9 1275.3 + + + +++ + 4+ +++
1 78.6 1358.3 + + + +4+ ++ +++ +++
2 64.4 1158.5 + + + ++ ++ +++ +++
VCO-
NSO 2:1 3 88.8 1348.3 + + + ++ + +++ +++
4 139.2 1054.4 ++ + ++ ++ + +++ +++
5 125.6 1648.5 ++ ++ ++ +++ + +++ +++
1 131.3 17541 + + + +4+ ++ 44 4+
2 89.2 1258.3 ++ ++ + +4++ + +++ +++
VCO-
NSO 1:2 3 76.6 1428.3 + + + ++ + +++ 4+
4 121.3 1034.4 ++ ++ + +++ + +++ +++
5 125.3 1133.5 + + + ++ ++ +++ +++

Description: + mild, ++ mild to moderate, +++ moderate, ++++ severe

3. DISCUSSION

Wound healing is a complex process comprising four phases: hemostasis, inflammation, proliferation,
and remodeling [14]. Successful healing requires the precise coordination of various cell types, cytokines, and
extracellular matrix molecules [4]. In diabetes mellitus (DM), this process is subject to various disruptions,
including aberrations in fibroblast and keratinocyte cell function, vascular damage, and diminished leukocyte
cell activity [15,16]. Numerous natural ingredients are found to be widely used in wound care, including VCO
and NSO [17]. Both VCO and NSO offer a range of beneficial properties such as anti-inflammatory,
antioxidant, and antibacterial effects. They also enhance interferon production, promote angiogenesis, and act
as vasodilators [18]. These diverse effects are particularly valuable in wound repair, especially for diabetic
ulcers [19]. As shown in Figure 1, the macroscopic assessment of wound diameter on day 7 did not reveal a
significant difference between the control and treatment groups. The data presented in Table 1 confirm a
statistically significant difference in wound diameter between the treated DM ulcer group and the untreated
DM ulcer group (p-value <0.05). The wound diameter in the groups receiving VCO and NSO, whether
individually or in combination, was smaller than that in the untreated DM ulcer group. Notably, the group
treated with the VCO-NSO combination (1:2) demonstrated the smallest wound size among all the groups.
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These findings align with the research of [30], which suggests that VCO is effective in wound healing and
angiogenesis. VCO significantly promotes wound healing in diabetic rats by increasing collagen synthesis and
re-epithelialization [31]. This observation can be attributed to the wound healing process being predominantly
in the inflammatory phase, with epithelialization just commencing. Histological analysis of the wound tissue
on day 7 showed an intact epidermis with developed dermal papillae in the VCO and NSO groups compared
to the damaged epidermis in the control group (Figure 2). On day 7, the VCO and NSO groups showed high
collagen content (3+ and 3+, respectively) (Table 2). Meanwhile, the control group contained fewer collagen
and fibroblast cells (2+ and 1+, respectively) and more magrophage cells and leukocytes (3+). This study shows
that VCO can alter the expression of several genes related to the inflammatory response in wound healing.
Magrophages play an important role in providing effective immune function as part of innate immunity. These
cells play an important role in immunomodulation by secreting cytokines that indicate an acute inflammatory
response [20,21]. Table 2 data further indicates that leukocyte and macrophage levels were notably higher in
the control, VCO, and NSO groups, which may explain the similar wound sizes observed. However, the VCO-
NSO combination group displayed a noticeable difference in the macroscopic evaluation. This distinction
could be attributed to the synergistic enhancement of the anti-inflammatory properties of VCO and NSO when
combined [22]. In this combination group, leukocyte and macrophage levels were lower compared to the
control group and the VCO and NSO single-treatment groups. The administration of VCO was more effective
in reducing edema than NSO. There was no significant difference in edema reduction between the single NSO
group and the positive control group, with a p-value of 0.009. However, the difference was highly significant
when comparing the edema reduction between the VCO-NSO combination group and the positive control
group, with a p-value of 0.000. The combination of VCO and NSO demonstrated comparable effectiveness in
reducing edema to that of VCO alone. In terms of anti-inflammatory capabilities, both VCO and NSO, when
administered individually, equally reduce the number of leukocytes and macrophages in the wound tissue.
This is evidenced by a notable decrease in these cells. The anti-inflammatory efficacy is further enhanced when
the two are combined (Table 2). The study also underscores the anti-inflammatory effects of both substances,
showing that whether administered individually or combined, both VCO and NSO effectively reduce the
number of leukocytes and macrophages in wound tissue. This suggests that the administration of a
combination of VCO and NSO has the potential for a synergistic effect in alleviating inflammatory responses
at the cellular level. In wound tissue proliferation, VCO and NSO exhibit comparable abilities to enhance
granulation, fibroblast, collagen, and epithelial cell growth compared to the positive control group, with a p-
value of less than 0.05. The proliferation abilities between the VCO and NSO groups do not show a significant
difference, with a p-value greater than 0.05. This implies that both substances have similar capabilities in
promoting the proliferation of wound tissue, as evidenced by increased granulation, fibroblast, collagen, and
epithelial cell formation (Table 2).

Therefore, using a combination of VCO and NSO can be considered an effective strategy to stimulate
wound tissue proliferation, with potential implications for improving the speed and quality of wound healing.
NSO also possesses anti-inflammatory properties, and when combined with VCO in all comparisons, it
enhances the anti-inflammatory effect beyond that of individual administration. Decreased levels of
leukocytes and macrophages further support this enhanced effect observed in all combination groups. VCO
and NSO are rich in antioxidants, which can expedite wound healing [23,24]. This finding aligns with reported
results where VCO showed improved wound healing in an in vivo study. The VCO group showed
significantly smaller wound size and a higher percentage of wound healing than the control group from day
8 onwards [18].

Additionally, the time required for wound closure in the VCO group (16 days) was notably shorter than
in the control group (20 days). Previous research has established the individual benefits of Virgin Coconut Oil
(VCO) and Nigella Sativa Oil (NSO) in facilitating wound repair by accelerating the epithelialization
(proliferation) phase [25,26]. Additionally, the abundant antioxidant content in NSO can safeguard wounds
against damage to the extracellular matrix, particularly under the high oxidative stress associated with DM
ulcers [27]. This highlights the potent anti-inflammatory effect of VCO, as one hallmark of inflammation is the
presence of tissue edema. Figure 2 (c, i, 0) demonstrates complete epithelialization due to a single NSO
administration.

Interestingly, the thickness of epidermal and dermal tissues is notably higher in untreated DM ulcers.
This trend is similarly observed in the group subjected to single VCO administration (b, h, n). This suggests
that VCO and NSO, whether administered individually or in various combinations, possess comparable
abilities to promote epithelialization in epidermal and dermal cells. However, the VCO-NSO combination
group (1:1) significantly differed from the other treatment groups, demonstrating the highest average
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thickness of both the epidermis and dermis (Figures 4 and 5). In essence, the VCO-NSO (1:1) combination
yielded superior results in enhancing the epithelialization of epidermal and dermal tissues. Notably, the
epidermis appeared thicker, and the granulation tissue appeared denser in the VCO-NSO combination group,
providing increased strength to the newly formed tissue, as evident in Figure 2. These findings align with the
research of [28], which indicated that ozonated Nigella sativa oil accelerated wound healing by reducing the
duration of epithelialization.

Histopathological scoring data further revealed that the control group exhibited high inflammation at
the wound site, coupled with increased vascular permeability [29]. While new fibroblast proliferation
occurred, there was no development of epithelialization in this group. In contrast, the NSO group displayed
lower inflammation than the control group. Moreover, fibroblast activity and epithelialization were observed
in the NSO group, suggesting its positive influence on wound healing. The study also revealed that higher
levels of fibroblast cells were present in the DM ulcer group when VCO and NSO were administered
individually. However, the number of fibroblast cells decreased when VCO and NSO were combined.

Interestingly, when evaluating collagen levels, it was observed that the VCO-NSO combination
treatment group exhibited an increase in collagen content compared to the untreated group. This finding is
noteworthy as it suggests that the VCO-NSO combination can augment collagen production, a crucial factor
in wound healing, without an increase in fibroblast cells. Combining VCO and NSO may synergize collagen
synthesis, significantly enhancing wound healing [30]. Collagen is a vital protein that contributes significantly
to the extracellular matrix formation [25,31]. The reduced collagen levels observed in the untreated DM ulcer
group are associated with prolonged wound healing, as evident in Figure 1. The untreated group exhibited
larger wound sizes than the treated group.

This highlights the potent anti-inflammatory effect of VCO, as one hallmark of inflammation is the
presence of tissue edema. NSO also possesses anti-inflammatory properties, and when combined with VCO
in all comparisons, it enhances the anti-inflammatory effect beyond that of individual administration.
Decreased levels of leukocytes and macrophages further support this enhanced effect observed in all
combination groups. VCO and NSO are rich in antioxidants, which can expedite wound healing [23,24].

Additionally, VCO can reduce the number of circulating leukocytes, mononuclear cells, and
polynuclear cells, which play a role in immunomodulation by releasing proinflammatory cytokines. These
cytokines are responsible for inflammatory responses, including edema, fever, and tissue damage [32]. In line
with this, the study provides insights into the anti-inflammatory effect of VCO on skin inflammation,
demonstrating its ability to suppress pro-inflammatory cytokine stimulation in Human Monocytic Leukemia
(THP-1) cells. This suppression was observed at both the protein and gene expression levels [25]. NSO inhibits
leukotriene synthesis and histamine release and acts as an antioxidant. In addition, it provides crucial
immunomodulatory effects by enhancing T-cell responses [33,34].

As shown in Figure 4, there is a significant difference in the epidermal thickness between the VCO-NSO
1:1 combination group and the control group, with a p-value less than 0.0001. This result indicates that
administering the VCO-NSO 1:1 combination has a notable impact on the epidermal thickness in the wound
tissue compared to the control group. Furthermore, compared to the other treatment groups, the findings
suggest that administering the VCO-NSO 1:1 combination yields the most significant improvement in
epidermal thickness in the wound tissue. This discovery indicates that the VCO-NSO 1:1 proportion
significantly benefits the epidermal regeneration process more than the other formulations tested. The
statistical interpretation, noting a very low p-value (less than 0.0001), signifies that the difference in epidermal
thickness between the VCO-NSO 1:1 combination group and the control group is statistically significant and
reliable, and not merely coincidental. The outermost layer of the skin, known as the epidermis, assumes a
crucial role in wound healing. Although it is not directly engaged in forming scar tissue or facilitating the
cohesion of skin layers, the epidermis performs various functions that support and impact the healing of
wounds [35].

While not directly participating in scar tissue formation, the proliferation of epidermal cells contributes
to restoring the skin's structural integrity. These cells multiply to cover the wound site and establish a new
protective layer. The process of keratin formation, occurring in the outermost layer of the epidermis, known
as the stratum corneum, provides additional mechanical strength and resilience to the healing skin [36].
Keratin, being a protein, adds rigidity and resistance to the epidermal layer. While the epidermis primarily
functions to protect the skin against potential infections and assist in structural restoration during the healing
process, the critical roles in scar tissue formation and the cohesion of skin layers are performed by the
underlying layer, the dermis. Collaborative efforts between the epidermis and dermis are indispensable for
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ensuring effective wound healing and overall skin recuperation. The combination of VCO-NSO 1:1 is also
highly effective in promoting dermal thickness.

Figure 5 shows that the VCO-NSO 1:1 combination significantly differs from the control group, with a
p-value of less than 0.0001. While using VCO and NSO individually also yields positive outcomes in dermal
thickness, the combined 1:1 formulation demonstrates superior results with a p-value of less than 0.01. This
observation suggests that the synergistic effect of combining VCO-NSO 1:1 enhances their efficacy in
promoting dermal thickness. The significant difference, as indicated by the very low p-value, emphasizes the
substantial impact of the VCO-NSO 1:1 combination on dermal thickness compared to both the control group
and the single applications of VCO and NSO. The dermis, located beneath the epidermis and above the
hypodermis, plays a crucial role in wound healing. This layer contributes significantly to the healing process
by housing various structures and components. The dermis plays multiple roles in wound healing through its
structural and functional aspects. It contains collagen and elastin fibers that provide strength, elasticity, and
structural support to the skin [30,37]. During wound healing, collagen is re-organized to form solid and elastic
scar tissue. The dermis also houses immune cells such as macrophages, which play a role in clearing the wound
area of bacteria, dead cells, and other debris [38]. The inflammatory process in the early stages of wound
healing involves the immune system's response to protect the body from infection.

In summary, the findings underscore the remarkable effectiveness of the VCO-NSO 1:1 combination in
enhancing dermal thickness, surpassing the outcomes achieved by a single application of VCO or NSO. This
highlights the potential benefits of combining these substances in wound care interventions, suggesting a
promising avenue for further research and clinical application in optimizing dermal healing processes. The
study results strongly support the effectiveness of the VCO-NSO 1:1 combination in enhancing epidermal
thickness in wound tissue, indicating significant implications for developing more efficient wound care
strategies. This study suggests the need for further research to refine the combination based on the
concentration of the active ingredients that play the most significant role in wound healing. The objective is to
identify the optimal formulation to treat DM ulcers effectively.

4. CONCLUSION

VCO and NSO have demonstrated their potential to enhance wound healing in DM ulcers by promoting
wound tissue epithelialization and mitigating the inflammatory process. Moreover, combining VCO and NSO
yields superior results compared to single administrations.

5. MATERIALS AND METHODS
5.1 Materials and Tools

In this study, various tools and materials were employed. The tools included glassware, Gas
Chromatography (GC), Gas Chromatography-Mass Spectrometry (GC-MS), microtome, water bath, incubator,
microscope, glass objects, centrifuge, vortex, sterile microtubes, glucometer, biopsy punch, animal cages, and
synthesis kit from Thermo Fisher Scientific. The materials used consisted of distilled water, methanol, ethanol,
n-Hexane, isoflurane, streptozotocin, formalin, xylol L, II, and III solutions, paraffin, Hematoxylin and Eosin
staining, Trizol reagent, chloroform, and mouse skin tissue. Additionally, VCO and NSO were obtained from
herbal shops, with VCO sourced from the Golden Khallazz brand and NSO from the Habba Syifa brand.
Samples were stored at room temperature throughout the research.

5.2 Test Animals

This study used Wistar male white rats as experimental subjects, with an age range of 3 months and
body weight between 200-250 grams. The Wistars were housed in stainless steel cages under controlled
environmental conditions, with the room temperature maintained between 25-28°C. The Wistar cages were
equipped with wood shavings as bedding, which were replaced weekly to maintain cleanliness. 5 Wistars
occupied each cage, and there was no mixing of Wistars from different experimental groups to prevent cross-
contamination and ensure the validity of the study results. Lighting was provided for 12 hours a day, from
09.00-21.00, and the Wistars were provided with adequate food (BioFeed pellets produced by Karunia Kasih
Abadi, Klaten, Indonesia) and clean drinking water.

Routine checks were conducted daily to monitor the clinical and behavioral status of the Wistars,
ensuring no clinical or behavioral changes occurred during the study. No Wistar showed signs of death,
decreased appetite/ growth, or behavioral changes during the study. The Wistars were grouped into 6 groups,
each consisting of 5 Wistars, and the duration of treatment was 7 days. The groups were as follows: 1) Wistar
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DM-+ulcer; 2) Wistar DM+ulcer+VCO; 3) Wistar DM+ulcer+NSQO; 4) Wistar DM+ulcer+VCO+NSO (1:1 ratio);
5) Wistar DM+ulcer+VCO+NSO (2:1 ratio); and 6) Wistar DM+ulcer+VCO+NSO (1:2 ratio).

5.3 Diabetes Induction

To induce type 1 diabetes in the rats, we administered a single injection of 50 mg/kg body weight of
streptozotocin, dissolved in 50 mM citrate buffer with a pH of 4.5, resulting in a final concentration of 40
mg/ml. We initially assessed baseline blood glucose levels before the streptozotocin injection and repeated
the measurements 7 days after the injection to confirm the successful induction of diabetes. Blood glucose
levels were determined using phenol 4-aminoantipyrine glucose oxidase (GOD-PAP), obtained from
Diagnostic Systems International. The diagnosis of type 1 diabetes was established if the blood glucose levels
exceeded 200 mg/dl (11.1 mmol/liter) 7 days after the streptozotocin injection. The average blood glucose
level in diabetic rats, measured before the infliction of wounds, was 245 mg/dl.

5.4 Wounding

The diabetic rats were subjected to anesthesia by administering 0.2 mL of 2% lidocaine dissolved in 1
mL of 0.9% NaCl via subcutaneous injection. Following anesthesia, the dorsal area where the hair had been
shaved was prepared by applying 70% alcohol. Subsequently, a 10 mm diameter and 0.3 mm depth injury,
reaching the dermal layer, was inflicted using a biopsy punch.

5.5 Data Collection

Histology preparations were initiated by fixing the skin tissue samples in a 10% formalin solution for
18-24 hours. After this fixation process, the tissue samples were immersed in distilled water for 1 hour to
remove the fixation solution. The subsequent step involved dehydration, achieved through a sequence of
graded ethanol solutions with concentrations of 70%, 80%, and 90%. Following dehydration, the clearing
process was undertaken. The skin samples were immersed in xylol I, II, and III solutions for 20 minutes each,
allowing them to become transparent. Subsequently, the skin samples were placed in liquid paraffin I, II, and
III within a paraffin incubator set at a temperature of 58-60°C. This was followed by embedding; the paraffin
blocks, once solidified, were thinly sliced to a thickness of 5 micrometers using a microtome. These sections of
NSO were then immersed in a water bath set at 40°C. The prepared sections were carefully lifted and
positioned on glass slides, subsequently dried overnight in an incubator maintained at a temperature of 60°C.
To facilitate visualization, Hematoxylin-Eosin staining was carried out. The HE-stained slides were examined
using a bright-field microscope at 40x magnification to perform a semi-quantitative assessment of
angiogenesis, ulceration, re-epithelization, inflammatory infiltration, hemorrhage, and congestion. These
factors were graded on a scale of 0 (not present), 1 (mild), 2 (mild to moderate), 3 (moderate) and 4 (severe).
The analysis of leukocyte infiltration, granulation tissue formation, fibroblast presence, collagen deposition,
and epithelialization was conducted by staining with Gomori trichrome and assessed under a bright-field
microscope, applying the same scoring criteria as used for the HE-stained slides [39,40]. Microscopic
preparations were examined using a CX 33 light microscope. Photomicrographs were captured using a 3.1MP
Sony Exmor camera equipped with a CMOS sensor and the Betaview program. Quantitative measurements
of skin tissue included epidermal and dermal thickness. Additionally, semi-quantitative histologic parameters
such as edema, leukocyte infiltration, granulation tissue formation, fibroblast presence, collagen deposition,
and epithelialization were assessed based on the McMinn criteria.

5.6 Statistical Analysis

Statistical analysis was conducted using SPSS 21.0, where mean *+ SD values underwent one-way
analysis of variance (ANOVA). Post hoc comparisons between groups were performed using Dunnett's
analysis.
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FF/2023.
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