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Diabetic foot ulcerations (DFUs) are chronic, non-healing wounds that arise 
as a complex complication of diabetes mellitus, often leading to severe infec-
tion, tissue necrosis, and amputation in 60% of cases. The progression of 
DFUs is frequently exacerbated by bacterial colonization and proliferation, 
particularly by Staphylococcus aureus and Escherichia coli, within the infected 
tissue. Cinnamon (Cinnamomum spp.) has been extensively utilized in tradi-
tional medicine due to its well-documented antibacterial, anti-inflammatory, 
and antifungal activities. This study investigated the therapeutic potential of 
a nanosilver–cinnamon oil gel formulation for ulcer treatment through in 
vitro, in vivo, and in silico approaches. In vitro analyses revealed that higher 
concentrations of cinnamon oil demonstrated greater inhibitory effects 
against both S. aureus and E. coli than formulations containing equal ratios of 
nanosilver and cinnamon oil. In vivo assessments further indicated that in-
creased cinnamon oil concentrations enhanced wound closure rates. Addi-
tionally, in silico molecular docking predicted that cinnamaldehyde, the prin-
cipal constituent of cinnamon oil, could interact with caspase-8, a key regula-
tor in the extrinsic apoptosis pathway. Collectively, these findings underscore 
the therapeutic potential of cinnamon oil as an adjunctive agent in managing 
diabetic foot ulcers. 
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Graphical Abstract 

 
 

Introduction 

Diabetic Foot Ulcerations (DFU) are becom-

ing one of the most serious problems due to their 

low recovery, high amputation rate (~20%), and 

mortality rate due to post-amputation infection 

(~60%) [1–4]. 

The risk of amputation is higher if DFU is in-

fected due to the invasion and proliferation of 

pathogenic bacteria such as Staphylococcus au-

reus, which is encountered in 80% of DFU cases 

[5,6]. 

S. aureus was found to form biofilms and was 

reportedly resistant to an antibiotic called 

Methicillin-resistant Staphylococcus aureus 

(MRSA), which has become a challenge in the 

wound healing process. Warm and humid envi-

ronmental factors, ongoing nutritional forces for 

bacterial proliferation and colonization, and con-

tinuous exposure to contaminants in tissues in 

the lower layers of the skin can also hinder the 

healing of these wounds [3,5-7]. 

At the cellular level, wound healing in DFU be-

comes complex due to the toxicity of glucose lev-

els in the blood that occur in diabetic patients. 

Wound healing typically involves several phases, 

including inflammation, proliferation, and tissue 

regeneration [3,5]. Under normal conditions, col-

laboration and coordination between the innate 

immune system in the skin, such as macrophages 

M1 and M2, and with the surrounding cells, is 

synergistic in tiggering wound healing. However, 

these synergistic relationships are altered due to 

structural differences and cell dysfunctions 

around the wound, causing it not to heal 

properly and the process to be stalled in the pro-

liferation phase [3,5,7,8]. 

This led to the DFU wound not to healing and 

worsening to the point of amputation to avoid 

the spread of the infection [7,8]. Several treat-

ments can be applied to DFUs, such as bacterial 

biofilm cleansing, antibiotic drugs for systemic 

therapy, wound dressings/washes, and antibac-

terial agents [5,6,8]. Several topical antimicrobi-

als are used, such as antiseptics, 10% povidone-

iodine solution, acetic acid (5%), polyhexameth-

ylene biguanide (PHMB), chlorhexidine, and 

treatments with compounds containing hydro-

gen peroxide (H2O2) and silver [5,8–10]. 

Several external drug innovations that con-

tain silver components have been developed, 

such as topical agents that combine nanosilver 



F.I. Muhaimin et al.                                                                                                                                                                      391 

 

 

with cinnamon. Nanosilver is one of the innova-

tions developed due to its antimicrobial proper-

ties, which release silver ions, resulting in cell 

membrane degradation and disruption of cell 

function [11–14]. 

Silver ions attach to the cell wall, causing the 

accumulation of silver ions on the cell wall and 

resulting in the denaturation of the cell mem-

brane. It can interfere with the cellular function 

through Reactive Oxygen Species (ROS) once it 

has passed through the cell membrane. Nanosil-

ver inhibited the growth of S. aureus at low con-

centrations in combination with various com-

pounds and plants such as rhubarb [13,15–19]. 

Additionally, one study found that nanosilver 

can improve healing and reduce scars [20]. 

Meanwhile, combining and exploring research 

on herbal ingredients or nanosilver for treating 

diabetic ulcers with DM patients has not been 

conducted. Cinnamon is one of the spices often 

used in cooking and medicine. This medicinal 

spice has antifungal, anthelmintic, larvicidal, ne-

maticidal, insecticidal, and antibacterial proper-

ties [15,21–23]. 

Ethanolic extract from cinnamon was ob-

served to have antibacterial activity against 

MRSA [24]. 

Combining cinnamon essential oil with anti-

biotics also inhibits the growth of S. aureus [11]. 

The combination of nanosilver and cinnamon is 

expected to produce an efficient diabetic wound 

medicine for treating ulcers in DM patients. This 

study investigates the potential and effective-

ness of the combination of cinnamon and na-

nosilver gel formulation in the wound healing of 

diabetic foot ulcers. It is hypothesized that there 

is a synergistic relationship between cinnamon 

and nanosilver due to antibacterial activity of 

both components. 

  

Experimental 

Methods 

Nanosilver-cinnamon oil gel extract formulation 

Silver nanoparticles were synthesized by 

heating 50 mL of 1.0 mM AgNO3 until boiling. To 

this solution, 5 mL of 1% Na3C6H5O7 was added 

dropwise. During the heating process at 60 °C, 

the mixture was stirred using a magnetic stirrer 

at 1,500 rpm for 10 minutes until it turned pale 

yellow. The pale-yellow color indicates that sil-

ver nanoparticles have been formed. Next, the 

gel was prepared by mixing 5 g of propylene gly-

col with 10 g of distilled water, then adding seven 

ppm silver nanoparticles and cinnamon oil, stir-

ring until homogeneous (Table 1). After achiev-

ing homogeneity, 1.25 g of xanthan gum was 

added to the mixture and stirred with heat until 

homogeneous, and then distilled water was 

added to reach a total weight of 20 grams. 

Table 1. Nanosilver-cinnamon oil gel extract formu-

lations 

Sample Nanosilver (%) 
Cinnamon 

Oil (%) 

F1 0 2 

F2 3 7 

F3 5 5 

F4 7 3 

F5 2 0 

 

Nanosilver-cinnamon oil gel formulation charac-

terization 

Characterization of the functional groups 

from the gel formulation was analyzed using a 

Perkin-Elmer Spectrum Two™ IR spectrometer 

with frequencies ranging from 400 to 4000 cm−1. 

Next, the particle size of the gel formulations was 

analyzed using a Particle Size Analyzer (PSA) in-

strument. 0.01 g of the formulation in the form of 

powder was placed in a beaker and mixed with 1 
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mL of dispersant (Tween 20) while stirring thor-

oughly. Aquadest was added up to 10 mL and 

stirred until dissolved. Then, the sample was ul-

trasonicated for 5 seconds, transferred into 1 mL 

cuvette, and the diameter distribution was meas-

ured using the Malvern Zetasizer series Particle 

Size Analyzer.  

Spreadability test 

A total of 0.5 g of nanosilver-cinnamon gel 

formulations was placed in the center of the glass 

and then covered with another glass. The disper-

sion measurement is based on the diameter of 

the preparation distribution horizontally and 

vertically, adding a load of 50 g to a total weight 

of 150 g [25]. 

Adhesion test 

A 0.25 g nanosilver-cinnamon gel formulation 

was placed on a glass slide and then covered with 

another slide until completely covered. Next, a 

load weighing 1,000 g is placed on the slide for 5 

min. To remove the glass object from the gel at-

tachment, a load weighing 80 g is used. The time 

needed for two glass slides is recorded [26]. 

Antibacterial activity test 

Antibacterial activity was tested using the 

disc diffusion method. 1 mL of S. aureus or E. coli 

bacterial suspension was inoculated on NB me-

dia (Merck), and then placed on the petri dish un-

der sterile conditions. 5 mL of NA solid medium 

was poured into the petri dish and swirled gently 

until the bacterial suspension and media were 

homogeneous. Several samples were prepared: 

nanosilver-cinnamon gel formulations in differ-

ent ratios, a positive and a negative control. Next, 

the blank disc was dipped into the sample to be 

tested, then placed on the solidifying bacteria-

containing media. Samples were then incubated 

at 37 C for 24 h. After incubation, the petri dish 

was removed from the incubator, and the clear 

zone around the blank disc was measured using 

a digital caliper (Sigmat Vernier Caliper) [25]. 

The diameter of the inhibition zone for the anti-

bacterial activity test was measured using a dig-

ital caliper with the Sigmat Vernier Caliper, en-

suring an accuracy of  ±0.2 mm [27]. 

In vivo analysis 

Wistar rats (Rattus norvegicus), 2-3 months 

old and weighing 150-200 grams, were used. 

Preparations were made for experimental ani-

mals with 15 Wistar rats divided into four 

groups, each consisting of 3 rats. Each group of 

rats was maintained for 7 days and, on the 8th to 

10th day, was injected with alloxan at a dose of 

120 mg/kg BW. After 3 days of alloxan treat-

ment, the blood glucose level was measured and 

compared with the blood glucose level on the 

first day before receiving alloxan. If there was an 

increase in the blood glucose level of the rats to 

±200 mg/dL, then the rats were considered dia-

betic. Alloxan induction was given to all groups 

of rats except for the control group. The induc-

tion of alloxan was performed intraperitoneally. 

After 6 hours of alloxan induction, the rats were 

given 10% sucrose to prevent the occurrence of 

hypoglycemia. In this study, the rats receiving al-

ginate-chitosan encapsulated metformin treat-

ment had blood glucose levels above 200 mg/dL. 

Ketamine HCl at a dose of 0.6 ml/kg BW was ad-

ministered intravenously, made in a circle with a 

diameter of 1.5 cm. The upper skin was cut ac-

cording to the pattern to avoid hitting the mus-

cles. Wound care was carried out once a day for 

14 days while observing the size of the wound. 

Several parameters were observed, such as ery-

thema, pus, and swelling. On the 16th day, the 

rats were sacrificed using cervical dislocation. 

Histopathological observations were made of the 

pancreas, heart, and kidneys of the rats to exam-

ine the differences between treated and un-

treated rats. For this in vivo protocol, the Ethics 
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Committee of Brawijaya University granted ethi-

cal clearance with number 200-KEP-UB-2023.  

In silico analysis 

The compound’s name and molecular data 

were retrieved and entered into the NCBI Pub-

Chem database to obtain the canonical SMILES 

representation. The structure file was then con-

verted to .pdb format and visualized using 

PyMOL (Schrödinger, LLC) for molecular confir-

mation and orientation analysis. Molecular dock-

ing simulations were subsequently performed 

using PyRx software to evaluate the binding in-

teractions between the active compound of the 

nanosilver–cinnamon oil gel and proteins that 

play roles in apoptosis. The receptor protein 

structures were obtained from the Protein Data 

Bank (PDB) and prepared by removing water 

molecules and adding polar hydrogens prior to 

docking. Binding affinity, hydrogen bond for-

mation, receptor binding sites, and interacting 

amino acid residues were analyzed to predict the 

stability and specificity of ligand–protein inter-

actions. The docking poses with the lowest bind-

ing energy and highest hydrogen bond stability 

were selected for further visualization and inter-

pretation using PyMOL. 

Statistical analyses  

Statistical analyses were performed using 

Prism 10 (GraphPad). Data is presented as mean 

± SD. Unless stated otherwise, the one-way 

ANOVA was used to calculate the p-value. A p-

value < 0.05 was considered statistically signifi-

cant. 

Results and Discussion 

Synthesis and characterization of a nanosilver-

cinnamon gel formulation 

Nanosilver-cinnamon gel formulation was 

characterized using FTIR and PSA. FTIR analysis 

was used to determine the functional groups of 

the nanosilver and cinnamon oil, allowing for a 

comparison of the functional group composition 

of the nanosilver-cinnamon gel formulation. 

Analysis has shown that the spectra from the na-

nosilver-cinnamon gel formulation exhibit a 

combination of spectra from nanosilver and cin-

namon oil (Figure 1). The absorption band of the 

OH group at a wavenumber of 3,281.64 cm-1 from 

the nanosilver-cinnamon gel corresponds to the 

wavenumber of the nanosilver sample at 

3,315.85 cm-1. This observation is similar to the 

previous measurement of the OH group from the 

nanosilver sample, which has a wavenumber of 

approximately 3,400 cm−1 [28]. The C=O func-

tional group of the formulation was observed to 

have an absorption band at 1,637.97 cm-1, while 

the nanosilver sample was observed at 1,636.28 

cm-1. These absorption bands align with previous 

observations, in which the functional group ex-

hibits an absorption band at 1,632 cm-1 [29,30]. 

Meanwhile, the absorption bands of Csp2 in the 

nanosilver-cinnamon overlapped with the OH 

spectrum at approximately 3,000 cm-1. In con-

trast, the absorption band in the cinnamon oil 

sample was observed at a wavenumber of 

3,061.06 cm-1. PSA was analyzed using PSA to de-

termine the particle size and distribution of the 

nanosilver-cinnamon oil. The results show that 

the average particle size in the formulation is 

15.42 nm (Figure 2), indicating that the formula-

tion size falls within the nano range (1-100 nm). 

Next, the dispersion of the gel was analyzed to 

determine its ability to spread on the skin sur-

face—the larger the diameter of the spread, the 

greater the gel surface area. The results show 

that the dispersion of all formulation variations 

has a 5.2 – 5.8 cm dispersion area, which meets 

the good dispersion area between 5 and 7 cm 

(Table 2). Furthermore, the pH of the gel formu-

lations was measured to be between 5 and 6, 

which meets the requirement for a topical oint-

ment [31]. 
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Figure 1. FTIR spectrum analysis from Cinnamon oil, nanosilver (AgNp), and AgNp-cinnamon oil formulation 

Table 2. Results of the dispersion test and pH meas-

urement of the nanosilver-cinnamon gel formulation 

Sample 
Spreadibility 

(cm) 
pH 

F1 5.6 5.02 

F2 5.24 5.08 

F3 5.76 5.95 

F4 5.45 5.06 

F5 5.27 5.24 

In vitro bacteria test of nanosilver-cinnamon gel 

formulation 

To investigate the antibacterial activity of the 

nanosilver-cinnamon gel formulation, two bacte-

ria that have become prevalent in causing dia-

betic foot ulcers (DFUs) were used: S. aureus and 

E. coli [32]. 

The results revealed that after 24 hours, sam-

ples treated with the highest concentration of 

cinnamon had higher antimicrobial activity. In 

the S. aureus group, the sample treated with the 

highest cinnamon concentration had the widest 

clear zone, measuring 34.2 mm (Table 3). The di-

ameter of the clear zone decreased gradually as 

the cinnamon concentration in the formulation 

decreased. Meanwhile, the E. coli group showed 

consistent results, with the highest inhibitory ac-

tivity observed at the highest concentration of 

cinnamon, resulting in a clear zone of 15.8 mm. 

These findings align with previous studies 

demonstrating the antibacterial activity of cinna-

mon combined with nanosilver against S. aureus 

and E. coli [33,34]. Cinnamon has been shown to 

exhibit antibacterial activity against S. aureus 

and E. coli, in combination with several com-

pounds and antibiotics [15,33,34]. However,  

 

Table 3. In vitro test analysis of nanosilver-cinna-

mon gel formulation on S. aureus and E. coli (one-

way ANOVA, p-value < 0.0001) 

Sample 
Inhibitory activity (mm) 

S. aureus E. coli 

F1 34.2 15.8 

F2 32 12.3 

F3 20.6 12.3 

F4 12.88 7.6 

F5 12.82 0 

K+ 10.9 0 

K- 6 0 
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Figure 2. PSA analysis from AgNp-cinnamon oil formulation 

these data showed that a lower concentration of 

nanosilver had lower antibacterial activity than 

cinnamon. Furthermore, in the E. coli group 

treated with the 1:1 ratio of nanosilver and cin-

namon, the same inhibitory power was observed 

as in the ratio of 3:7. This indicates the influence 

of optimal concentration and ratio of cinnamon 

and nanosilver, which can affect antibacterial ac-

tivity against certain bacteria [34,35]. The re-

sults suggest that with a higher the cinnamon 

concentration, the inhibitory activity against S. 

aureus and E. coli becomes greater. 

In vivo bacteria test of nanosilver-cinnamon gel 

formulation 

To confirm the in vitro results, an in vivo test 

was conducted in diabetic rats (Rattus norvegi-

cus) with a blood sugar level of 200 mg/dL, mim-

icking the blood sugar levels of type 2 diabetes 

patients. Diabetic rats were then given wounds 

with incisions on their backs and were treated 

with various formulations for 14 days. Several 

parameters were observed, including blood 

sugar levels, wound incision closure diameter, 

and histological analysis of the healing skin tis-

sue (Figure 3). After 14 days, wounds began to 

close; almost all wounds treated were observed. 

However, the most remarkable wound closure 

was noted in wounds treated with a formulation 

containing a 3:7 ratio of nanosilver and cinna-

mon. The wound closure rate was almost similar 

to that of the group treated with Betadine. The 

higher the percentage of cinnamon, the faster the 

wound closure, consistent with in vitro data indi-

cating that a high concentration of nanosilver in 

the formulation would hinder wound closure. 

This may indicate that nanosilver, which pos-

sesses antibacterial properties, is still necessary; 

however, an optimal concentration is required 

for a synergistic effect on wound closure. 

Additionally, histopathological analysis sup-

ports the wound closure observation data, in 

which the formulation containing a 3:7 ratio of 
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nanosilver and cinnamon has the highest per-

centage of collagen, angiogenesis, and fibroblast 

cells compared to other ratios (Table 4). High 

collagen levels in healing wounds not only form 

a structural scaffold that supports fibroblast ad-

hesion and migration but also release bioactive 

fragments that act as chemotactic signals and 

modulate inflammation, thereby facilitating fi-

broblast proliferation and extracellular matrix 

deposition (e.g., collagen III initially, and later 

collagen I) [36–38] Fibroblasts are central play-

ers in wound repair, coordinating inflammation, 

proliferation, and remodeling by secreting extra-

cellular matrix (ECM) molecules and growth fac-

tors, such as VEGF and FGF, which activate angi-

ogenesis and promote further collagen produc-

tion. It is known that fibroblasts genetically mod-

ified to overexpress VEGF strongly promote ini-

tial angiogenesis and granulation tissue develop-

ment, with increased collagen accumulation and 

wound closure at a faster rate [36,39–41]. Angi-

ogenesis within granulation tissue brings essen-

tial oxygen and nutrients, promotes continued fi-

broblast activity, and provides room for the 

growth of a fine network of capillaries that even-

tually atrophies with the remodeling of collagen 

and tissue strength achieved [36,37,40,42–44]. 

As such, high collagen milieu, fibroblastic activ-

ity, and angiogenesis are linked processes that 

collectively control efficient wound healing, each 

supporting the others in a strongly controlled 

temporal process. 

In silico data analysis  

To determine the binding potential of this na-

nosilver-cinnamon gel formulation, in silico anal-

ysis was conducted. Target proteins were fo-

cused on those that play a significant role in the 

apoptosis-killing mechanism. It was found that 

there is a potential target of compounds con-

tained in cinnamon, namely eugenol and cin-

namaldehyde. 

 
Figure 3. Wound healing analysis of several formulations of AgNp-cinnamon oil formulation. (a) wound clo-

sure observation in several days after treatment in vivo and (b) histopathological analysis of skin tissues 14 

days after treatment 
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Table 4. Histological analysis of the skin tissue based on several parameters (one-way ANOVA, p-value < 0.0001) 

Sa
m

p
le

 

Collagen (%) Angiogenesis (%) Fibroblast (Cell) 

1
 

2
 

3
 

4
 

5
 

A
v

er
ag

e 

A
v

er
ag

e 
G

ro
u

p
 

1
 

2
 

3
 

4
 

5
 

A
v

er
ag

e 

A
v

er
ag

e 
G

ro
u

p
 

1
 

2
 

3
 

4
 

5
 

A
v

er
ag

e 

A
v

er
ag

e 
G

ro
u

p
 

F
1

 

4
3

,0
6

 

4
1

,9
4

 

4
5

,3
0

 

4
2

,0
6

 

4
3

,4
9

 

4
1

,9
4

 

4
2

,8
2

 1
7

,0
0

 

1
5

,0
0

 

1
2

,0
0

 

1
3

,0
0

 

1
3

,0
0

 

1
4

,0
0

 

1
3

,3
0

 2
1

7
,0

0
 

2
3

7
,0

0
 

2
0

7
,0

0
 

1
9

9
,0

0
 

1
3

6
,0

0
 

1
9

9
,2

0
 

2
0

6
,1

0
 

4
3

,3
0

 

4
3

,7
0

 

4
6

,4
6

 

4
8

,0
5

 

4
7

,0
6

 

4
3

,7
0

 

1
2

,0
0

 

1
3

,0
0

 

1
4

,0
0

 

1
3

,0
0

 

1
1

,0
0

 

1
2

,6
0

 

2
2

8
,0

0
 

2
2

2
,0

0
 

1
8

9
,0

0
 

2
3

5
,0

0
 

1
9

1
,0

0
 

2
1

3
,0

0
 

F
2

 

5
8

,1
8

 

5
9

,0
4

 

5
8

,3
2

 

5
7

,6
9

 

6
0

,7
3

 

5
9

,0
4

 

4
9

,0
3

 

2
0

,0
0

 

1
4

,0
0

 

2
1

,0
0

 

2
1

,0
0

 

1
5

,0
0

 

1
8

,2
0

 

1
7

,8
0

 1
9

3
,0

0
 

2
1

9
,0

0
 

2
2

2
,0

0
 

2
6

5
,0

0
 

1
9

3
,0

0
 

2
1

8
,4

0
 

2
8

5
,3

0
 

4
1

,0
3

 

3
9

,0
3

 

3
6

,2
6

 

3
5

,6
3

 

3
8

,2
8

 

3
9

,0
3

 

1
4

,0
0

 

2
3

,0
0

 

1
9

,0
0

 

1
2

,0
0

 

1
9

,0
0

 

1
7

,4
0

 

3
6

5
,0

0
 

3
8

2
,0

0
 

3
9

3
,0

0
 

3
3

6
,0

0
 

2
8

5
,0

0
 

3
5

2
,2

0
 

F
3

 

5
0

,1
7

 

4
7

,8
9

 

4
6

,9
2

 

4
8

,2
7

 

5
1

,6
3

 

4
7

,8
9

 

4
6

,0
5

 9
,0

0
 

1
1

,0
0

 

7
,0

0
 

7
,0

0
 

1
3

,0
0

 

9
,4

0
 

1
4

,1
0

 2
6

8
,0

0
 

2
6

8
,0

0
 

2
3

8
,0

0
 

2
1

1
,0

0
 

2
4

3
,0

0
 

2
4

5
,6

0
 

2
4

4
,3

0
 

4
0

,9
5

 

4
4

,2
2

 

3
9

,5
3

 

4
2

,7
0

 

3
9

,7
3

 

4
4

,2
2

 

1
5

,0
0

 

1
7

,0
0

 

1
8

,0
0

 

2
2

,0
0

 

2
2

,0
0

 

1
8

,8
0

 

2
7

3
,0

0
 

2
5

9
,0

0
 

2
4

7
,0

0
 

1
7

5
,0

0
 

2
6

1
,0

0
 

2
4

3
,0

0
 

F
4

 

3
9

,9
6

 

3
6

,4
7

 

3
4

,9
1

 

3
3

,6
3

 

4
0

,4
6

 

3
6

,4
7

 

4
0

,3
6

 

1
1

,0
0

 

1
3

,0
0

 

1
6

,0
0

 

1
8

,0
0

 

1
4

,0
0

 

1
4

,4
0

 

1
2

,3
0

 

2
0

9
,0

0
 

1
9

3
,0

0
 

1
2

6
,0

0
 

1
4

6
,0

0
 

1
6

8
,0

0
 

1
6

8
,4

0
 

1
9

7
,1

0
 

4
7

,9
5

 

4
4

,2
6

 

4
2

,6
4

 

4
8

,8
8

 

4
5

,5
6

 

4
4

,2
6

 

1
1

,0
0

 

9
,0

0
 

9
,0

0
 

1
2

,0
0

 

1
0

,0
0

 

1
0

,2
0

 

2
5

8
,0

0
 

2
1

8
,0

0
 

2
6

8
,0

0
 

1
6

5
,0

0
 

2
2

0
,0

0
 

2
2

5
,8

0
 

F
5

 

4
3

,6
7

 

4
2

,9
3

 

4
0

,2
6

 

4
2

,1
6

 

4
4

,3
6

 

4
2

,9
3

 

3
8

,5
7

 

1
1

,0
0

 

1
2

,0
0

 

1
0

,0
0

 

6
,0

0
 

6
,0

0
 

9
,0

0
 

1
2

,0
0

 

1
4

4
,0

0
 

1
6

6
,0

0
 

1
7

4
,0

0
 

2
0

6
,0

0
 

1
2

1
,0

0
 

1
6

2
,2

0
 

1
8

8
,2

0
 

3
7

,2
7

 

3
4

,2
1

 

3
4

,3
1

 

3
3

,5
3

 

3
5

,0
9

 

3
4

,2
1

 

1
6

,0
0

 

1
4

,0
0

 

1
5

,0
0

 

1
4

,0
0

 

1
6

,0
0

 

1
5

,0
0

 

2
0

5
,0

0
 

1
7

5
,0

0
 

1
7

7
,0

0
 

2
4

2
,0

0
 

2
7

3
,0

0
 

2
1

4
,4

0
 



Enhanced Wound Healing and ...                                                                                                                                            398 

 

K
- 

3
9

,9
2

 

3
5

,9
6

 

3
7

,1
7

 

4
1

,4
0

 

4
0

,2
5

 

3
8

,9
4

 

3
6

,3
8

 

5
,0

0
 

3
,0

0
 

2
,0

0
 

4
,0

0
 

4
,0

0
 

3
,6

0
 

3
,7

0
 

1
0

6
,0

0
 

1
2

5
,0

0
 

1
1

5
,0

0
 

1
5

8
,0

0
 

1
3

7
,0

0
 

1
2

8
,2

0
 

1
3

6
,2

0
 

3
3

,0
8

 

3
2

,1
6

 

3
6

,1
5

 

3
5

,0
2

 

3
2

,6
4

 

3
3

,8
1

 

2
,0

0
 

3
,0

0
 

4
,0

0
 

5
,0

0
 

5
,0

0
 

3
,8

0
 

1
0

3
,0

0
 

1
1

6
,0

0
 

1
3

5
,0

0
 

1
8

8
,0

0
 

1
7

9
,0

0
 

1
4

4
,2

0
 

K
+

 

4
0

,7
1

 

4
0

,1
6

 

4
0

,4
8

 

3
8

,8
1

 

4
1

,0
6

 

4
0

,2
4

 

4
6

,3
0

 

2
0

,0
0

 

1
4

,0
0

 

1
2

,0
0

 

1
6

,0
0

 

2
2

,0
0

 

1
6

,8
0

 

1
4

,8
0

 

1
4

1
,0

0
 

2
2

9
,0

0
 

2
0

7
,0

0
 

2
1

7
,0

0
 

2
3

0
,0

0
 

2
0

4
,8

0
 

2
5

1
,6

0
 

5
7

,9
9

 

5
2

,5
9

 

4
9

,0
3

 

5
1

,6
2

 

5
0

,5
5

 

5
2

,3
5

 

1
3

,0
0

 

7
,0

0
 

1
3

,0
0

 

1
6

,0
0

 

1
5

,0
0

 

1
2

,8
0

 

2
4

9
,0

0
 

3
0

6
,0

0
 

2
9

3
,0

0
 

3
5

2
,0

0
 

2
9

2
,0

0
 

2
9

8
,4

0
 

 

 

 

 

 

Table 5. Results of the in-silico analysis of nanosilver-cinnamon gel formulation with various protein targets 

play roles in the apoptosis-killing mechanism 

Protein Targets PDB codes Subunits Ligand Complex 
Binding Affinity 

(Kcal/mol) 

Caspase – 3  1NME A 
158 -4.2 

Cinnamon -4.1 

Caspase – 9 2AR9 A 
MLT -5.3 

Cinnamon -4.9 

Mitogen-activated protein ki-

nase 1 
4FV1 A 

EK4 -9.4 

Cinnamaldehyde -5.3 

Caspase – 8 1QTN A 
DTD -3.5 

Cinnamaldehyde -4.5 

Data analysis revealed that the target protein, 

caspase-8, exhibits the highest binding potential 

for cinnamaldehyde, as it has a higher binding af-

finity than the native ligand (Table 5). It is known 

that cinnamaldehyde, a major compound in cin-

namon, facilitates wound healing under diabetic 

conditions by regulating caspase–8–mediated 

apoptosis and keratinocyte activity. Diabetic 

wounds—characterized by elevated glucose and 

oxidative stress—exhibit deranged migration 

and hyper-apoptosis in keratinocytes, frequently 

through caspase-8 activation in the apoptotic 

pathway [45–47]. Caspase-8 is a key regulator of 

keratinocyte apoptosis and immune signaling 

during wound healing [45,48]. In healthy tissue 

repair, keratinocytes proliferate and migrate to 

re-epithelialize the wound. However, in diabetes, 

hyperglycemia and oxidative stress overactivate 

caspase-8, leading to excessive keratinocyte dys-

function, which causes disruption of the inflam-

matory process, inhibition of proliferation and 

migration, and keratinocyte death [36,48,49]. 

The loss of viable keratinocytes and prolonged 

inflammatory signaling hinder normal healing 

and contribute to chronic, non-healing wounds. 

Therefore, caspase-8 must be tightly regulated to 

Note: F1 (Cinnamon); F2 (Cinnamon 7%-Nanosilver 3%); F3 (Cinnamon 5%-Nanosilver 5%); F4 (Cinnamon 3%-Nanosilver 7%); F5 

(Nanosilver); K- (negative control without treatment); and K+ (positive control gel betadine. 
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maintain keratinocyte survival, control immune 

responses, and enable effective tissue regenera-

tion in diabetic wound healing. Additionally, this 

dysregulation also disrupts immune balance by 

promoting sustained inflammation through cy-

tokines such as TNF-α and IL-1β [50–52].  

Conclusion 

In conclusion, diabetic foot ulcerations 

(DFUs) represent a severe complication of diabe-

tes with low rates of healing and high mortality 

following infection and amputation. This work 

investigates the therapeutic potential of a na-

nosilver–cinnamon oil gel formulation in vitro, in 

vivo, and in silico. The findings of this study show 

that higher concentrations of cinnamon oil sig-

nificantly inhibit the growth of S. aureus and E. 

coli and also enhance healing in the diabetic ulcer 

model. In silico analysis further suggests that cin-

namaldehyde, the main bioactive constituent of 

cinnamon oil, has the potential to interact with 

caspase-8, a key protein in the apoptotic process, 

thereby affecting tissue regeneration. The find-

ings support the dual antibacterial and wound-

healing properties of cinnamon oil and, there-

fore, its potential as a viable ingredient in man-

aging diabetic foot ulcers. However, further in-

vestigation is necessary to elucidate its molecu-

lar mechanism and assess its long-term efficacy 

in clinical applications. 
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