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Abstract
Active wound dressing with physicochemical and biological characteristics is more effective in healing diabetic foot ulcer 
(DFU). In this study, a 3-layer electrospun nanofiber wound dressings was fabricated, while its outer, middle and inner lay-
ers of the scaffold were made of PCL, PCL/collagen and collagen nanofibers, respectively. Various amounts of Melilotus 
officinalis extract were also loaded in the collagen nanofibers as a biologically active compound. The diameter and mor-
phology of the obtained nanofibers were investigated by scanning electron microscopy (SEM) and FT-IR spectroscopy to 
analyse the composition of prepared dressings. The efficacy of the fabricated dressings as wound healing agent was assessed 
in streptozotocin-induced diabetic rats. The results demonstrated that the mean diameter of nanofibers are 373 ± 179 nm, 
266 ± 108 nm, 160 ± 52 nm, and 393 ± 131 nm for PCL, PCL/collagen, pure collagen, and collagen nanofibers containing 
0.08 g extract, respectively. The histo-pathology and histomorphometry assessments demonstrate the herbal extract-loaded 
electrospun dressings (especially containing 0.08 g of the extract) are promising in improving the diabetic ulcer healing. Our 
results indicated that the combination of drug did not compromise the physicochemical characteristics of wound dressing, 
while improving its biological activities.
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Introduction

Diabetes is considered as one the most life threatening dis-
eases with estimated 592 million patients around 2035[1]. 
Some patients suffer from diabetic wounds (diabetic foot 
ulcer with around 15–25% of cases) that may result in ampu-
tation in chronic conditions [2, 3]. The healing complexity 
arises from highly inflammatory wound environment, micro-
bial infections, overexpression of enzymes (such as MMP-9) 
and diseases of peripheral vascular system [4, 5]. In this 
respect, providing wound healing procedures are in demand. 
Until now, various kinds of dressings have been proposed 
for wound healing[6–8], however, electrospun nanofiber 
dressings having prominent physico-chemical properties 
illustrated special characteristics against diabetic ulcers 
[9, 10]. Indeed, nanofiber structures mimicking the native 
extracellular matrix (ECM) would provide biophysical and 
biochemical cues for skin cell conduction, proliferation and 
differentiation. Furthermore, due to their excellent porous 
morphology and designable 3D geometry, these dress-
ings would help proper oxygen permeability and exudate 
absorption [10, 11]. Meanwhile, these structures could be 
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loaded with different drugs to improve the healing process 
[12]. A variety of different polymers such as polyurethane 
(PU) [13], poly-L-lactic acid (PLLA) [14], polyvinylalcohol 
(PVA) [15] and polyvinylpyrolydone (PVP) [16] have been 
utilized to prepare electrospun nanofibrous wound dressings. 
Polycaprolactone (PCL) is one of the most commonly used 
synthetic polymers in different biomedical fields [17]. Being 
biocompatible and biodegradable, PCL demonstrate unique 
properties to meet the requirements for appropriate wound 
dressing production [17]. Pure electrospun PCL nanofib-
ers have shown to support different wound healing pro-
cesses, however, its hydrophobic nature and slow degrada-
tion resulted in the idea of developing biopolymer-blended 
PCL nanofibrous scaffolds. In this regard, electrospun PCL 
nanofibers blended with biopolymers such as chitosan [18, 
19] and gelatin [20, 21] have been reported. Also, another 
biopolymer, collagen, is utilized to improve biofunctional-
ity of PCL polymer scaffolds [22–24]. Collagen as the most 
abundant ECM protein provides a bio-structural scaffold 
to support cellular binding, proliferation, differentiation 
and migration [25]. Nevertheless, pure collagen nanofiber 
scaffolds show weak mechanical properties that requires 
blending with synthetic polymers such as PCL for wound 
healing applications. To render additional bio-activity to 
the electrospun wound dressings, different herbal extracts 
have been added to nanofibers [26, 27]. Previously, Melilo-
tus officinalis extract has been formulated in ANGIPARS™ 
and expected to enhance angiogenesis for dermal regenera-
tion and wound healing [28, 29]. Accordingly, the Melilotus 
officinalis extract has been incorporated inside nanofibrous 
dressings to investigate their wound healing capabilities [30, 
31]. In fact, electrospun nanofibrous offer a membrane for 
the direct incorporation and sustained release of drugs and 
other bioactive compounds for a long period. Furthermore, 
the unique characteristics of these types of nanofibrous such 
as high porosity, large surface area to volume ratio, high 
drug loading and encapsulation efficiency, ability to modu-
late release and also its cost effectiveness makes them suit-
able in various drug delivery applications.

In the present study, 3-layered electrospun nanofibrous 
wound dressings comprised of PCL, collagen and Melilo-
tus officinalis extract was fabricated. The dressing layers 
were made of nanofibrous PCL, PCL-collagen and colla-
gen-extract for outer, middle and inner layers, respectively. 
In such 3-layered structure, collagen-extract layer would 
promote angiogenesis along with providing a substrate for 
skin cell attachment and functions. Also, it has a proper 
gelation capability that helps absorption of wound exu-
dates. The middle layer (PCL-Collagen) and outer layer 
PCL nanofibers would robust mechanical properties of 
the collagen layer. Also, PCL nanofibers form a physi-
cal barrier against any contaminations. The morphology 
and diameter of obtained nanofibers for each layer were 

analyzed by SEM. Also, composition of the resultant scaf-
folds was investigated by FT-IR spectroscopy. Thereafter, 
cyto-compatibility of the electrospun dressings on L929 
cells was evaluated by MTT assay. Finally, in vivo stud-
ies were performed on rat models of diabetic ulcer in 6 
groups. The results illustrated the special wound healing 
capabilities of 3-layered electrospun dressings containing 
Melilotus officinalis extract.

Materials and methods

Materials

Poly (Ɛ-caprolactone) polymer with molecular weight of 
70 kDa was received from Hangzhou Ruijiang Chemical 
Co., Ltd, China. Collagen type I was extracted from rat tail 
according to our previous study [32]. Glacial acetic acid, 
chloroform and methanol were obtained from Merck Co., 
Germany. Melilotus officinalis extract was kindly donated by 
NanoBioPharma Ltd, Tehran, Iran. All of the materials were 
utilized without further purification. Lab-scale electrospin-
ning set was purchased from Fanavaran Nano-Meghyas Co. 
Ltd, Tehran, Iran.

Preparation of electrospun scaffolds

The present electrospun wound dressing was designed based 
on 3-layered structure. Accordingly, different solutions were 
prepared. The outer layer of the dressing was made of PCL 
polymer in a mixture of chloroform/methanol [4/1, v/v] at a 
concentration of 10% (wt.). For the second or middle layer, 
PCL polymer was dissolved in glacial acetic acid to prepare 
a solution of 11% (wt.) and collagen type I was prepared 
in 90% acetic acid to obtain a solution of 11% (wt.). Then, 
a blend solution of PCL and collagen was provided with a 
weight ratio of 50/50, v/v. For electrospinning of the third or 
inner layer of the wound dressing, collagen 10% (wt.) con-
taining different amounts of the Melilotus officinalis extract 
was prepared. In this regard, three weight amounts of 0.02, 
0.04 and 0.08 g extract solution (20% wt. in DMSO) were 
added to the 1 g of collagen solution and stirred thoroughly. 
Thereafter, for electrospinning of each of the mentioned-
layers, as-prepared solutions were loaded into 5 ml syringes 
ended to a 23 G needle. Then, before starting the electro-
spinning, an aluminium foil was wrapped around a rotating 
drum to collect the nanofibers. The rotation rate was set at 
100 rpm and electrospinning was performed at a high volt-
age of 15 kV, a feeding rate of 1 ml/h, spinneret to collector 
distance of 10 cm and at about 30 ℃. The resultant nanofi-
brous scaffolds were preserved for further investigations.
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Characterization

Scanning electron microscopy (SEM)

To observe the surface morphology and diameter of the 
obtained nanofibers, SEM (XL 30, Philips, USA) was used 
at an accelerating voltage of 25.0 kV. Prior to observation, 
a piece of each sample including each of the electrospun 
layers of the dressing was sputter-coated with gold and then, 
micrographs were recorded. Thereafter, specimen images 
were analysed by image analysis software (imagj.nih.gov/ij) 
to calculate the average size of about 100 nanofibers.

ATR‑FTIR analyses

For compositional evaluation of the prepared samples 
including PCL, collagen, collagen-extract and pure extract, 
ATR-FTIR spectrometry of specimens was carried out using 
an Equinox 55, Bruker instrument (Germany). The spec-
tra were obtained at a resolution of 4  cm−1 in the range of 
4000–500  cm−1.

Viability of cells on electrospun scaffolds

The effect of the prepared 3-layered electrospun wound 
dressing materials on the viability and proliferation rate 
of L929 mouse skin fibroblast cells was evaluated using 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide (MTT) assay. First, circular specimens of 3-layered 
electrospun scaffolds (n = 5) having different amounts of the 
extract (0.02, 0.04 and 0.08 g per 1 g of collagen solution) 
or lack of the extract were sterilised with UV-irradiation 
(20 min) and gentamycin. Then, the samples were put into 
96-well plates and 1 ×  104 L929 cells were seeded on the 
collagen side of the 3-layered scaffolds in DMEM supple-
mented with 10% FBS and 1% pen/strep. Finally, the plates 
were kept in an incubator at 37 °C in humidified atmosphere 
with 5%  CO2. At pre-set times including day 1, 3 and 5, 
the media on the seeded cells was aspirated and then, MTT 
solution (100µL) was added to the cell culture wells. There-
after, the MTT solution was removed and 100 µL of DMSO 
was replaced to dissolve the formazan crystals. Finally, the 
absorbance of the specimens was read at 570 nm by a plate 
reader.

In vivo studies of wound healing

Diabetes induction in rats

The in  vivo studies were performed according to the 
approval of Ethics committee of Tehran University of 

Medical Sciences, Tehran, Iran. Male Wistar rats (5 weeks 
old) were divided into 6 groups of 6 ones in the negative 
control (without any treatment with wound dressings or 
extract), positive control (treated with Angipars drug), and 
4 other test groups of electrospun wound dressings lack of 
or having different amounts of the extract (0.02, 0.04 and 
0.08 g). The induction of diabetes was done using intraperi-
toneal injection of streptozotocin drug (STZ, 55 mg/kg of 
the rat body weight). After 48 h, the level of blood glucose 
was measured in rats and the animals with glucose level 
higher than 280 mg/dL were considered to be diabetic. Also, 
the diabetic animals showed increased urination and a strong 
smell of the urine that stably continued until 18 days of the 
investigation. The animals were randomly divided into 6 
groups of the experiment.

Rat diabetic wound dressing

According to the above-mentioned animal groups, rats 
were anesthetized using ketamine/xylazine (4:1, v/v) and 
then, dorsal part of animal bodies were completely shaved 
and sterilized. Subsequently, one full-thickness excision 
(2 ×  2cm2) was made on each of the shaved rats. Finally, 
animal wounds were treated with a thin layer of commer-
cial ANGIPARS™ 3% gel (positive control group), 3-lay-
ered electrospun dressing lack of the extract or each of the 
extract-loaded 3-layered wound dressings (0.02, 0.04 and 
0.08; test groups). For the negative control group, no treat-
ment with extract or electrospun dressings was done and it 
was only performed with conventional dressings.

Histopathology study

Diabetic rats of the mentioned groups were euthanized 7, 14 
and 18 days after treatment and the tissues of their skin were 
harvested and then, fixed in formalin (10%, pH: 7.26) for 
48 h. Thereafter, the fixed specimens were paraffin embed-
ded and 5 µm-thick sections were prepared. Then, staining 
of the obtained sections was done using haematoxylin and 
eosin (H&E) and also, Masson’s trichrome (MT). Finally, 
resultant tissue slides were analysed utilizing light micros-
copy (Olympus BX51; Olympus, Tokyo, Japan). Accord-
ingly, some parameters such as epithelialization, infiltration 
of inflammatory cells and formation of granulation tissue 
have been evaluated.

Histo‑morphometry analysis

For evaluation of the rate of epithelialization, a semi-quan-
titative 5 point scale including 0 (0% of epithelialization), 
1 (25%), 2 (50%), 3 (75%), and 4 (100%) was utilized and a 
comparative analysis was done. Furthermore, the density of 
deposited collagen was evaluated by Image-Pro Plus® V.6 
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(Media Cybernetics, Inc., Silver Spring, USA) to analyse 
histomorphometry in samples.

Statistical analysis

Kruskal Wallis analyses and Dunn’s test post-hoc were done 
to compare the results with considering P values of less than 
0.05 as statistically significant results (SPSS software, USA).

Results and discussion

Morphology of electrospun nanofibers

The presented wound dressing was designed as a 3-lay-
ered electrospun structure. The outer layer was made of 
PCL nanofibers using chloroform/methanol (4/1, v/v). It 
is expected that this 3-layered structure would mimic the 
structure of natural skin. The outer PCL layer is hydropho-
bic and might provide a protection against environmental 
contaminations, meanwhile, improving the handling of the 
collagen-based dressings. The inner layer was comprised 
of collagen type I that is the main component of skin ECM. 
This layer was loaded with different amounts of Melilotus 
officinalis extract. As the collagen is hydrophilic and could 
not directly interact with hydrophobic PCL, a middle layer 
of PCL/Collagen was added. According to the Fig. 1, PCL, 
PCL/collagen, pure collagen and extract-loaded collagen 
nanofibers show smooth and bead-less morphologies. It is 
clear that incorporation of herbal extract had no adverse 
effects on the nanofibers. The mean diameter of the fibers 
are 373 ± 179 nm, 266 ± 108 nm, 160 ± 52 nm, 153 ± 31 nm, 
225 ± 72 nm and 393 ± 131 nm for PCL, PCL/collagen, pure 
collagen, collagen nanofibers containing 0.02 g, 0.04 g and 
0.08 g extract, respectively. For electrospinning of blend 
PCL/collagen solutions, acetic acid solvent was utilized. As 
Fig. 1a-b shows, addition of collagen to PCL solution for 

the middle layer led to the smaller fibers. Electrospinning of 
acetic acid PCL solutions result in finer fibers compared to 
chloroform/methanol solutions. It could be attributed to the 
higher conductivity of acid solvent in comparison with the 
chloroform/methanol. As the solvent for PCL and collagen 
is glacial acetic acid and 90% acetic acid, respectively, it was 
resulted in lowering the diameter of nanofibers, in spite of 
the increased polymer concentrations. Also, Fig. 1c-f illus-
trates the changes in size of electrospun collagen nanofiber 
layer at its pure or plant extract added form. It is obvious 
that increasing the amount of extract led to the formation of 
thicker fibers. SEM micrographs of 3-layered electrospun 
wound dressings are shown in Fig. 2.

FT‑IR analyses

Figure 3 shows the FT-IR spectra of different compositions 
in the 3-layered electrospun wound dressing. As mentioned 
before, the outer and middle layers of the dressings are made 
of PCL and PCL/collagen, respectively.

According to the ATR-FTIR spectrum of PCL nanofibers, 
the characteristic peaks at 2950  cm−1 and 2870  cm−1 could 
be attributed to the asymmetric and symmetric stretching 
of  CH2, respectively. The peak at 1725  cm−1 is assigned to 
stretching of carbonyl. Also, other peaks at 1171  cm−1 and 
1240  cm−1 could be ascribed to the symmetric and asym-
metric stretching of C–O–C, respectively [33, 34]. The col-
lagen spectrum illustrates characteristic bands at 3265  cm−1 
(stretching of O–H or N–H), 1638  cm−1 (amide I, C = O 
stretching), 1526  cm−1 (amide II, N–H bending), 1231  cm−1 
(amide III) and 1438  cm−1 (-COO-) [35, 36]. The spectrum 
of the plant extract shows a broad band at 3450  cm−1 (stretch-
ing of O–H or N–H) and also, 2922  cm−1 (symmetrical and 
asymmetrical stretching of C-H) and 1638  cm−1 (amide I, 
C = O stretching) [36]. The characteristic bending vibration 
bonds of O–H or N–H (3450  cm−1), C = O (1638  cm−1), 
amide II, N–H (1526  cm−1), -COO- (1438  cm−1), amide 

Fig. 1  SEM images of elec-
trospun nanofibers of PCL (a), 
PCL/collagen (b), pure collagen 
(c), and collagen nanofibers 
containing 0.02 g (d), 0.04 g (e) 
and 0.08 g extract (f)
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III (1231  cm−1), and C-H (2922  cm−1) were observed col-
lagen-extract nanofibers. Furthermore, the spectra of colla-
gen-extract show the presence of characteristic absorption 
bonds of extract, which proved the successful incorporation 
of extract into collagen-extract nanofibers [37, 38].

Cell study and MTT assay

The biocompatibility of PCL and PCL/collagen scaffolds 
for tissue engineering applications has been previously 
demonstrated [32, 39]. Figure 4 illustrates the viability per-
centage of the L929 fibroblast cells on different electrospun 
nanofibrous wound dressings. As it is shown, all dressings 
including extract-free nanofibers or specimens containing 
0.02 g, 0.04 g or 0.08 g extract demonstrated appropriate 
cell viability in 5 days of investigation. However, signifi-
cant differences were observed mainly between the extract-
free dressings and extract-loaded ones (*p value < 0.05, **p 
value < 0.01). Totally, the results of cell study support the 
safe application of the prepared electrospun dressings com-
posed of PCL and collagen nanofibers loaded with Melilotus 
officinalis extract.

Histological analysis of the skin wounds

Figures  5, 6 and 7 depict H&E stained diabetic skin 
specimens. Accordingly, in the control group, the results 
illustrated infiltration of polymorphonuclear inflamma-
tory cells and also, formation of granulation tissue. How-
ever, the epidermal layer is not formed and a crusty scab 
could be observed on the wound (Fig. 5). The positive 
control (ANGIPARS-treated group) at day 7 exhibited 
severe inflammatory cells infiltration into the defect area. 
A thick layer of epithelial cells could be detected at day 
14, and the inflammation in defect area is significantly 
reduced in comparison with the negative control. Finally, 
the re-epithelialization process is completed at 18-day and 
also, skin-appendage rejuvenation is evidently occurred 
(Figs. 5, 6 and 7). Investigations on group NF demon-
strated existence of a thick crusty scab on the wound at 
days 7 and 14 post treatments. Also, proliferation of the 
epidermis is started at day 18, although, being incomplete. 
In addition, the inflammation is significantly reduced com-
pared to the specimens of days 7 and 14. The test group 

Fig. 2  SEM micrograph of 
3-layered structure of the elec-
trospun wound dressing con-
taining PCL NF, PCL/Collagen 
and Collagen-Extract NF layers 
(Scale bars: 200 & 50 µm)

Fig. 3  ATR-FTIR spectra of PCL, collagen, Melilotus officinalis 
Extract and collagen-extract samples

Fig. 4  MTT assay of L929 fibroblasts on different electrospun nanofi-
brous dressings including extract free 3-layered nanofibers or dress-
ings containing 0.02 g, 0.04 g or 0.08 g extract

317Journal of Diabetes & Metabolic Disorders (2022) 21:313–321



1 3

1 (NF + 0.02) showed a close similarity to the negative 
control so that a crusty scab on the wound area without 
the epidermal formation could be seen at days 7, 14 and 
18. Also, the presence of inflammation in wound area 
was evident (Fig. 6). At day 18, formation of epidermis 
and dermis is started and inflammatory responses are 
notably reduced (Fig. 7). Histological analyses of group 
2 (NF + 0.04) illustrated epidermal proliferation and an 
increase in the epidermal layer 18 days post-treatment. 
It is observed that granulation tissue and inflammatory 
responses were gradually reduced in 18 days of treatment 
(Fig. 7).

The evaluation of specimens in group 3 (NF + 0.08) 
revealed a notable decrease in inflammation at day 14 
compared with the others. This group illustrated more sim-
ilarities to a normal skin structure, with a thin epidermis 
and the presence of normal rete ridges and skin-appendage 
rejuvenation. It could be concluded that this group illus-
trates the best results in comparison to the negative control 
and other test groups.

Histomorphometric analysis

The histo-morphometric analyses were performed 18 days 
post treatment and the results are presented in the Table 1. 
Amongst all groups, re-epithelialization in the extract-free 
scaffolds and negative control groups was least and it was 
mainly filled with immature granulation tissue (P < 0.05). 
The best re-epithelialization was observed in the test group 
3 (NF + 0.08). Overall, the healing capability of the scaf-
fold dressings of test group 3 was more similar to that of 
the positive control at day 18 and even much better, which 
has the best cosmetic appearance; indeed, this nanofibrous 
dressing showed formation of the epidermal layer with nor-
mal thickness and rejuvenation of the hair follicles and skin 
appendages (Sebaceous gland).

As the wound healing procedure is dependent to the 
amount of collagen synthesis and deposition, therefore, sec-
tions of animal skin tissues were evaluated by the Masson’s 
Trichrome (MT) staining to further investigate the effect 
of different nanofibrous dressings on wound healing. The 

Fig. 5  H&E and MT stained microscopic sections of the skin samples 
of the wounds after 7 days of treatment. Black arrows: crusty scab

Fig. 6  H&E and MT stained microscopic sections of the skin samples 
of the wounds after 14 days of treatment. Black arrows: crusty scab, 
white arrows: epithelial layer
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results demonstrated that among the experimental groups, 
group 3 (NF + 0.08) had the greatest collagen synthesis. In 
contrast, the amount of collagen synthesis and deposition in 
the wounds of negative control group was lowest. Accord-
ing to the Table 2, increasing the amount of the extract in 
the electrospun dressing resulted in the improvement in the 
percentage of collagen production and deposition. In this 
regard, collagen density (%) was investigated morphologi-
cally in the stained wound sections. Through MT staining, 
collagen fibers become green. Five randomly-selected high-
power fields (× 400) were taken for any sample and then, 
percentage of the deposited collagen was analysed (Image 
Pro-Plus software, version 6, Media Cybernetics, USA).

Conclusion

Diabetic wounds and specially foot ulcers are among the 
most problematic medical issues that may lead to lower 
limb amputations. Therefore, electrospun nanofibrous 
wound dressings have been introduced to enhance the ulcer 
healing processes. In the present study, 3-layered electro-
spun nanofibrous dressings containing Melilotus offici-
nalis extract were fabricated out of PCL, PCL-collagen and 
extract-loaded collagen layers. It is previously shown that 
Melilotus officinalis extract could successfully regenerate 
tissues of the skin at the diabetic ulcer. The mechanism of 
action is proposed to be done by stimulating the angiogen-
esis. SEM analyses illustrated the smooth and defect-free 
structure of the nanofibers in all three layers. The in vitro 
cell studies demonstrated appropriate viability of fibroblast 

Fig. 7  H&E and MT stained microscopic sections of the skin samples 
of the wounds after 18 days of treatment. Black arrows: crusty scab, 
white arrows: epithelial layer, Yellow arrow: hair follicle, and aster-
oids: Sebaceous gland

Table1  Histomorphometric analysis of different experimental groups

*, **, ***: values indicate treatment group versus control group; * 
P < 0.05, ** P < 0.01, ***P < 0.001

Group Epitheliogenesis Score

NF (lack of the Extract) 0,0,0,0 (7 d)
1,1,2,0 (14 d)
2,3,3,1 (18 d) *

NF-0.02 g Extract 0,0,0,0 (7 d)
1,0,0,1 (14 d)
2,1,0,2 (18 d)

NF-0.04 g Extract 0,0,0,0 (7d)
1,1,1,1 (14 d)
3,2,2,3 (18 d) *

NF-0.08 g Extract 0,0,0,0 (7 d)
2,1,2,2 (14 d) *
4,3,4,4 (18 d) **

C + 1,0,0,0 (7 d)
2,3,2,1 (14 d) **
4,4,3,4 (18 d) **

C− 0,0,0,0 (7 d)
0,0,0,0 (14 d)
1,1,0,0 (18 d)

Table 2  The collagen density in different experimental groups

*, **: values indicate treatment group versus control groups (empty 
control); * P < 0.05, ** P < 0.01

Group Collagen density (%)

NF (lack of the Extract) 31.7 ± 5.3(7 d)
62.2 ± 4.7(14 d) ***
55.0 ± 5.7(18 d)

NF-0.02 Extract 41.5 ± 3.1(7 d) **
61.5 ± 4.2(14 d) ***
57.0 ± 2.9(18 d) *

NF-0.04 g Extract 48.5 ± 5.5(7 d) ***
60.5 ± 4.9(14 d) ***
73.2 ± 3.8(18 d) ***

NF-0.08 g Extract 45.5 ± 3.6(7 d) ***
58.5 ± 5.5(14 d) ***
82.0 ± 5.4(18 d) ***

C + (treated with Angipars) 48.2 ± 4.5(7 d) ***
72.2 ± 4.0(14 d) ***
82.5 ± 4.4(18 d) ***

C− 28.7 ± 3.3(7 d)
37.7 ± 5.7(14 d)
46.2 ± 6.1(18 d)
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cells seeded on the collagen layer of the 3-layered dressings. 
Also, through the 18 days of in vivo studies, 0.08 g extract-
loaded dressings demonstrated proper re-epithelialization of 
the diabetic wounds and collagen production and deposi-
tion in the newly formed skin. The results are comparable 
with the ANGIPARS™ formulation, however, a 3-layered 
nanofibrous wound dressing would provide a better handling 
for application on the wound surface along with its capacity 
to be loaded with other drugs. In this regard, antimicrobial 
molecules or growth factors could be sequestered inside the 
nanofibers to prevent infections and even more accelerate 
wound healing process. Therefore, according to the findings, 
the prepared electrospun nanofibrous dressing containing 
Melilotus officinalis extract would be promising in diabetic 
ulcer healing.
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