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� FTIR spectroscopy can monitor the
biological events triggered by diabetic
wound.

� Nanofiber dressings has a healing
effect on DM skin wounds.

� HPO decreases ROS parameters on
diabetic wound.

� HPO dressings are more effective than
AV dressings on skin wound healing
in the inflammation phase.

� IR spectroscopic analysis and
biochemical assays, consistent and
correlative with each other.
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Diabetic wounds have a slow healing process and easy to be infected. In addition to current drug treat-
ments, supportive approaches are needed for diabetic wound treatment. In this study, we aimed to load
Aloe Vera (AV) and Hypericum perforatum oil (HPO) with PCL/Ge (Poly (e-caprolactone)/Gelatine) poly-
meric biodegradable by electrospinning method into nanofiber dressings on an experimental diabetic
wound model to compare the diabetic wound healing effect. Changes in the amount and chemical struc-
ture of phospholipids, proteins, and lipids were investigated in the blood and serum samples of the ani-
mals using Fourier transform infrared (FTIR) analysis. To evaluate biological events associated with the
wound repair process in inflammatory phase we used oxidant and antioxidant status to determine the
healing status of wounds such as Total antioxidant status (TAS), Total oxidant level (TOS) and tumor
necrosis factor alpha (TNF-a) levels. TOS level increased in DM groups and decreased in the AV and
HPO group. Oxidative stress index decreased and TNF-a level increased in the HPO group. FTIR spectra
showed changes in the phospholipids, proteins, and carbon chain of lipids in the whole blood as well
as serum of DM rats. FTIR spectra combined with Principal component analysis (PCA) showed, that
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treated DM rats by AV and HPO caused return chemical structure of blood and serum to this observed in
control group. Higher similarity with control group for HPO rats was observed. HPO is better than AV in
the alternative for healing on diabetic wound. Thus, we have demonstrated that IR spectroscopy and mul-
tivariate data analysis and biochemical assays are consistent and correlative with each other.

� 2021 Elsevier B.V. All rights reserved.
1. Introduction

Diabetes causes complicated pathogenesis with a major impact
on the lifespan and well-being of individuals worldwide. The Inter-
nationalDiabetesFederation reported that a total of463millionpeo-
ples are estimated to be living with diabetes in 20–79 years. The
authors explained that this number is expected to increase to 578
million (10.2%) in 2030 and 700 million (10.9%) in 2045 [1]. Hyper-
glycemia, which affects people who have diabetes, plays a key role
in increased protein glycosylation [2]. Oxidation of glucose precur-
sors causes the production of free radicals, which lead to oxidation
of low-density lipoproteins or promote the oxidation of membrane
lipids, which trigger the cellular membranes damages [3–4].

During the inflammatory phase of wound healing, damaged
cells, pathogens, and bacteria are removed from the wound area.
These white blood cells, growth factors, nutrients and enzymes
create the swelling, heat, pain and redness commonly seen during
this stage of wound healing. Inflammation is a natural part of the
wound healing process and only problematic if prolonged or exces-
sive. There is limited understanding of the specific role of altered
redox signaling in the diabetic wound, although there is evidence
that ROS are involved in the underlying pathology. Preclinical stud-
ies of antioxidant-based therapies for diabetic wound healing have
yielded promising results. Redox-based therapeutics constitute a
novel approach for the treatment of wounds in diabetes patients
[5]. Recent studies had been shown that the production of high
amounts of ROS could induce significant tissue damage, which
could lead to the transformation of neoplastic cells. These cells
have a capacity to induce cellular, DNA proteins, and lipids damage
of the membrane structure of the impaired healing process [6].

The extract of AV has been regarded as additional treatment
herbs for various diseases. It has been known that AV has anti-
inflammatory, antibacterial, and antidiabetic activities [7]. Addi-
tionally, AV has important benefits such as an inhibitory role on
the wound and contribution on the enhancement of immunomod-
ulatory activity, and role in myogenic activities. In recent years, the
active ingredients of Aloe vera are noticed in the field of biomate-
rials and nanotechnology-based medical applications. Researchers
have reported that the addition of Aloe vera extract to the material,
extensively improves the overall effectiveness of the product.
However, they report that Aloe vera gel, combined with natural
and synthetic polymers, in the form of films, membranes, and com-
posites may be extremely useful for various wound and burn heal-
ing applications. Since these biomaterials obtained from Aloe vera
gel extract are biodegradable, for this reason, they are available to
eliminate the damage that commercially synthetic bandages cause
to the new skin formed at the wound site [8]. The biological mate-
rials which include AV gel were commonly combined with the;
bacterial cellulose, chitosan [9], alginate [10], gelatin [11], silk
fibroin [12], and pectin- gelatin [13] collagen-chitosan combina-
tions. Recent studies have been reported that chitosan-Aloe vera
gel-based nano membranes have sufficient properties, for the
usage of dressing wounds such as roughness, impairment rate,
wettability, and mechanical properties [14].

HPO is another plant that is widely used because of its medical
effects [15]. The topical application of this plant has been widely
used to speed up the healing of burn and other type of wounds
2

among people too. It is claimed that the plant may show some of
its effects due to its antibacterial activity [16]. Suntar et al. [17]
have been reported that HPO had an anti-inflammatory effect via
increased resistance to infection, fibroblast migration, and provid-
ing collagen accumulation. There are also studies reporting that the
wound healing activity of HPO is triggered by an increase in fibrob-
lastic activity and collagen synthesis [18]. In the literature, there
are several studies suggests the use of HPO’s raw plant extract
due to its antibacterial activity on wound treatment, treatment of
skin diseases and infectious diseases [19].

The pathogenesis of slow healing in diabetics is not still exact.
Wound infection is a common complication in diabetic patients. A
diabetic wound causes disruption of membrane integrity and the
wound becoming susceptible to infection [20]. However, research-
ers studied to improve the healing process via different types of
plants to contribute in addition to chronic drug treatments of dia-
betics [21]. Additional multidisciplinary studies obtained by tissue
engineering could help stimulating self-repair mechanism of
wound healing in diabetic patients.

Determination of the healing status of diabetic wound plays has
an importance in deciding suitable treatment. In order to under-
stand the mechanism of wound repair there are examination of tis-
sue biopsies. The techniques routinely used to study the
mechanisms of wound tissue repair may include histological
examination of tissue biopsies, immunohistochemistry, in situ
hybridization, polymerase chain reaction, etc.

The aims of this study are firstly comparing the oxidative and
antioxidative effect of AV and HPO loaded nanofiber dressings on
diabetic wound in the process of healing. Secondly, we aimed to
determine the healing status of diabetic wounds using FTIR signa-
tures to evaluate the feasibility of Fourier transform infrared
spectroscopy.
2. Materials and methods

In this study, as an experimental type 2 diabetes rat model
was planned by using streptozotocin (STZ) to compose similar
to metabolic abnormalities seen in humans which is compara-
tively easy to produce. Firstly, we produced nanofibers wound
dressing patch with various polymers and to design it as a dia-
betic wound dressing material with AV and HPO loaded PCL/Ge
blends antimicrobial properties. Next, these biocompatibilities
and bio degradative patches were used as a wound dressing
and the effect of two different nanofibers dressings were deter-
mined by biochemical methods such as TAS, TOS and TNF-a
and FTIR spectroscopy. This is the first innovative study to com-
bine AV and HPO with various polymers to design it as a diabetic
wound dressing material.
2.1. Preparation of polymers

Poly(e-caprolactone) (PCL) Mn: 80,000 and Porcine Gelatine
(Ge) was purchased from Sigma-Aldrich. The solvent of Acetic acid
and Formic acid was purchased from Merck. Hypericum
perforatum plants were collected from the mountains of Izmir
Kemalpasa. The Hypericum perforatum oil obtained from plants



Z. Guleken, J. Depciuch, H. Ege et al. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 254 (2021) 119639
were produced in our research center in Istanbul. Dimethyl sulfox-
ide (DMSO) was purchased from Sigma-Aldrich. NIH3T3 mouse
fibroblasts cell lines were obtained from American Type Culture
Collection (ATCC). Dulbecco’s modified Eagle medium (DMEM)
and Fetal bovine serum (FBS) were purchased from Gibco (Grand
Island, NY, USA). 3-(4, 5-dimethylthiazol-2yl)-2,5-diphenyl-2H-tet
razolium-bromide (MTT) was purchased from Sigma-Aldrich.

2.2. Extraction of Hypericum perforatum oil and of Aloe vera gel

Hypericum perforatum plants collected from Izmir / Kemalpas�a
mountains were placed in a 1-liter jar and the pure olive oil was
added on the plants. For about a week, the jar was left open and
allowed to ferment in the sun. Afterward, the jar was closed and
the mixture was kept in the sun for about 4 weeks until it got dark
red. Hypericum perforatum oil (HPO) was then taken into bottles.
Contact of the bottles with daylight has been prevented.

The leaves of the Aloe vera (AV) plant were gotten from Istanbul
University botanical garden. The leaves were kept vertically for 2 h
in a 2-liter beaker in the Pharmacy laboratory. The 4 leaves were
weighted as 790 g. The AV gel was separated from the leaves and
homogenized by waring blender for 3 min and it was weighted
as 520 g. After homogenization, the gel was kept in the refrigerator
at + 4 �C for overnight due to foam formation during homogeniza-
tion. Thus, the upward foams were easily collected the next day.
Then, leaf gel was cut into small pieces and weighed as 238 g. It
was homogenized with 350 ml of Phosphate buffer saline (PBS
PH = 7.00, 600 ml) and kept at + 4 �C for overnight. Gel extract
was filtered with cheesecloth. The obtained gel extract was placed
in tubes and frozen at �20� C.

2.3. Preparation and characterization of electrospinning solutions

PCL and Ge were dissolved in a binary solvent system of 9:1 (v/
v) Acetic acid (AA): Formic acid (FA) at room temperature with a
magnetic stirrer for about 24 h in a concentration of 15% (w/v).
After dissolving the polymers, Hypericum perforatum oil and Aloe
vera gel were added separately to the PCL / Ge solutions at differ-
ent concentrations of 15% (w / w) respectively. All solutions were
mixed for 60 min with a magnetic stirrer at room temperature
(23 �C).

2.4. Fabrication of HPO loaded nanofibers and Aloe vera gel loaded
nanofibers by electrospinning method

Prepared HPO and AV included polymer solutions of PCL/
Ge/15% HPO, PCL/Ge/15% AV was filled into 10 ml plastic syringes
separately. The syringes were connected to the nozzle tip (ID:
1.88 mm) with plastic tubes for using of each electrospinning
application. Infusing of the solutions in a controlled manner as
ml/h each polymer solution was connected to the controllable syr-
inge pumps (NE-300, New Era Pump Systems, Inc., USA). During
electrospinning, a high voltage (0–30 kV) was applied among noz-
zle tip and collector drum by direct current (DC) power supply.
Electrospun nanofibers were collected to the collector drum that
covered with oily paper. All electrospinning parameters such as
applied voltage and flow rates were optimized for each nanofiber
type. The distance between the needle and the collector was kept
constant at 15 cm. All the experiments were carried out at room
temperature (23 �C). Their material compositions were investi-
gated using spectroscopic and thermal techniques. The size and
morphology of nanofibrous dressings were examined with scan-
ning electron microscopy. Also, FTIR measurements were obtained
to analyze the molecular contents of loaded fibrous dressings and
to confirm the presence of AV and HPO. Fig. 1 illustrates the flow
of the production process.
3

2.5. Animals surgery and experimental design

Wistar albino male rats (250–200 g), obtained from Kocaeli
University Experimental Animals Research and Implementation
Centre (KOÜ DETAB). The animals were fed with standard rat chow
and able to access water ad libitum. They were housed in the stan-
dard cages one by one, under controlled environmental conditions
with an ambient temperature of (22 ± 2 �C) a 12-h light/dark cycles
and 60% humidity, during the experiment. Accordance to the Dec-
laration of Helsinki and with the guidelines of the care and use of
laboratory animals used for scientific purposes our study was
accepted by properly appointed and approved by the Kocaeli
University Animal Care and Use Committee (KOUHADYEK
5.1.2019). Male rats weighed (n = 20) 250 – 300 g were randomly
divided into two main groups: sham-operated (n = 5) and Strepto-
zotocin (STZ) induced (n = 15) group. STZ group was further
divided into subgroups as vehicle-treated (n = 5), Aloe vera 15%
AV gel treated and PCL/gel treated (n = 5), St. John’s treated 15%
HPO gel and PCL/gel treated groups (n = 5). Each group consisted
of 5 rats. Experimental type 1 diabetes mellitus model was per-
formed by injecting freshly prepared Streptozotocin solution in
0.1 mol/L sodium citrate buffer (pH 4.5) to 50 mg/kg (provided that
it is stored in the icy environment) in rats by intraperitoneal injec-
tions as described previously [22]. We test the blood glucose level
from the tail vein using a blood glucose strips to check for STZ
injection-induced hyperglycemia. Rats with blood glucose levels
greater than 300 mg/dl were considered diabetic and included in
the experiment. We kept rats for 7 days after STZ administration
to obtain a chronic hyperglycemic state. On the seventh day, the
diabetic wound was performed as the surgically in the sham group
with similar operative procedures. However, the surgeon wore
clean scrubs, masks, and hair cap and used fresh sterile gloves
for each rat. All the decontamination protocols were applied. For
the diabetic wound model, we shaved the dorsal hair of diabetic
rats completely and the decontamination of dorsal skin was pro-
vided with 10% povidone-iodine. A sterile biopsy skin punch with
a diameter of 8.0 mm was utilized interscapular region of the
upper back of each rat and a full-thickness wound to the deep fas-
cia was created according to the template. Then the obtained 15%
AV gel and 15% HPO gel-based polymeric nanofibers were applied
on the interscapular region of the upper back of each rat where we
applied the diabetic wound model. Wistar Albino male rats (n = 20)
were divided into two main groups: sham-operated (n = 5) and
Streptozotocin (STZ) induced diabetic model (DM) (n = 15). DM
group was further divided into subgroups (each for 5 animals)
depending on the treatment; as vehicle, AV, HPO, and PCL/Ge (Poly
(e-caprolactone)/Gelatine) patches treated groups. The wound and
surrounding area were covered totally with the used material. We
made wound care for 7 days in the phase of inflammation in
wound dressing. Wound dressing applications began after 7th
day of STZ inductions. After the postoperative 14th-day body
trunk, blood was collected by cardiac puncture for the measure-
ment of serum TNF-a, TAS, TOS, OS index and FTIR spectral
analysis.

2.6. TAS and TOS measurement:

Total Antioxidant Status (TAS) levels were measured by the
spectrophotometric method using a commercial kit (Rel Assay,
Turkey). Thermo Scientific Microplate Reader (USA) was used to
perform assay. The changes on samples total antioxidants level
were measured at absorbance on 660 nm. TAS activities were
expressed as mmol Trolox Equiv/L of samples.

Total Oxidant Status (TOS) levels were measured by the spec-
trophotometric method using a commercial kit (Rel Assay, Turkey).
Thermo Scientific Microplate Reader, USA device was used to per-



Fig. 1. Schematic illustration of production processes of a) Aloe vera (AV) loaded PCL/Ge blend nanofibers, and b) Hypericum perforatum (HPO) loaded PCL/Ge blend
nanofibers by electrospinning method.
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form assay. Results are indicated in terms of mm H2O2 Equiv/L.
Oxidative Stress Calculation (OSI): OSI) level for each patient calcu-
lated by using (TOS (lmol�H2O2.equiv/L) � 100)/ (TAS (lmol.Tro-
lox.equiv/L)) formula.
2.7. TNF-a ELISA

TNF-a ELISA kit (Elabscience C., Cat no: E-EL-R0019, China) was
used for the quantitative measurement of TNF-a in serum samples.
Samples and standards were pre-coated with the Anti-Human
monoclonal antibody before incubation. Biotin was added to all
wells, and combined with Streptavidin-HRP to form an immune
complex; then carry out incubation again and washed to remove
the uncombined enzyme. Optical density was read on a standard
automated plate reader at 450 nm (Thermo Scientific Microplate
Reader). The detection range of the kit was between 78.13 and
5000 pg/mL.
2.8. Sample preparation and spectral acquisition of IR spectroscopic
measurements

Chemometric analysis of serum samples were made with an
FTIR spectrometer (Jasco, FT/IR 4700) device with serial number
C034661788 and licensed at Marmara University (JASCO Corpora-
tion 2967–5 Ishikawa-machi, Hachioji-shi, TOKYO, JAPAN). The
detection was made with liquid-nitrogen cooled mercury cadmium
telluride (MCT) Jasco, containing diamond with Gladi attenuated
total reflection (ATR) TM, crystal plate, using the appropriate soft-
ware JASCO Spectra Manager version 2. To acquire IR spectra,
4 cm�1 spectral resolution, with on zero-filling of the interfero-
gram giving 4 cm�1 data spacing equivalent to 3684 data points
within the 4000 cm�1 to 450 cm�1 regions with 64 scans. All sam-
ples were scanned two times. To compare the control group with
others, all spectra were normalized using vector normalization.
4

To obtain chemometric analysis, all features were averaged for
serum samples spectral data. Raw spectra were ATR from 4000
to 600 cm�1 spectral regions, baseline-corrected, vector normal-
ized in the pre-processing stage prior to multivariate analyses.
Twenty-five points smoothed with Savitzky–Golay to eliminate
sharp bands in the spectral regions. Moreover, smoothing using 9
points were done. Spectra were analyzed using OPUS 7.0. software.
2.9. Statistic

We compared all groups with each other with using analysis of
variance (ANOVA) with 95% confidence interval and Bonferroni’s
post hoc test. To compare the groups, we used t-test (Graph Pad
Prism 6.01 (Graph Pad Software, Inc.). We expressed results as
mean ± SD (standard deviation). The statistical significance was
signified as less than or equal to p < 0.05* and p < 0.01**.

The number of obtained data from FTIR spectra was very large,
therefore, to determine if is possible to distinguish FTIR spectra
from control and non-control groups, and consequently to deter-
mine if the chemical structure of blood and serum collected from
non-healthy rats treated with hypericum perforatum oil and of
aloe vera oil return to this characteristic for control group, princi-
pal component analysis (PCA) was performed for the fingerprint
region (between 800 cm�1 to 1800 cm�1) for five FTIR spectra form
each group. For this purpose, 518 points from the FTIR spectra
were analyzed using Past 3.0 software.
3. Results

3.1. Synthesis of nanofibrous by electrospinning method

Nanofibrous scaffolds were produced through the blending of a
synthetic polymer, polycaprolactone (PCL), and a natural polymer,



Fig. 2. Total antioxidant status (TAS) (a) and Total oxidant level (TOS) (b) levels on the serum of male rats which were either control or DM with or without Streptozotocin
(STZ) induced diabetes mellitus model, and which were vehicle-, PGL/Ge, HPO, or AV treated. +P < 0.05, compared to DM group; *P < 0.05, compared to HPO group. Each group
consists of 5 animals: control (black color) vehicle, PCL/ Ge (red color) porcine gelatin, AV (green color) Aloe v., HPO (orange color) Hypericum p. treated groups. (+means
exist, - means non exist).
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gelatin (GE), using an electrospinning technique. Then the extracts
of AV and HPO were loaded to these polymers Fig. 1 oxidative .

3.2. Biochemical analysis: Total antioxidant status (TAS) and Total
oxidant levels (TOS), tumor necrosis factor alpha (TNF-a) and
Oxidative stress index (OSI)

We measured total status of serum to investigate the systemic
effect of healing, (Fig. 2). We compared all groups with each other
with One-way ANOVA statistics via Bonferroni’s multiple compar-
isons test. From Fig. 2a it can be seen that compared to the DM (0.
781 ± 0.044) group with mean ± SD the TAS value of HPO (1.01 ± 0.
149) group was significantly increased (p < 0.05). There was no sig-
nificance among other groups. However, when we compare groups
with a t-test, there was a decrease TAS level of DM (0.781 ± 0.044)
group compared to the control (0.89 ± 0,06) group but this
decrease was not significant. Additionally, when we compared
control to AV (0.864 ± 0.021) and HPO (1.016 ± 0.149) groups, there
was a tendency to increase but these results were statistically with
non-significant. On the other hand, when we compared the DM
group to AV (0.864 ± 0.021) and HPO (1.016 ± 0.149), there was
a significant increase in the TAS level of both AV and HPO groups
(p < 0.05). Fig. 2b showed results obtained for TOS level measure-
ment. There was none significant value with the mean ± SD when
the Control group (4.58 ± 0.99), DM (5.01 ± 0.429), AV (5.441 ± 0.
398), HPO (4.812 ± 0.337) among groups and compared to each
other. However, as it is seen in Fig. 2b there was an increased
TOS level on DM groups’ serum and there was a tendency of
decrease in AV and HPO group compared to Control group. Addi-
tionally, when we compared HPO and DM group there was a
decrease on the HPO group compared to the AV group but with a
non-significant statistical result.

Oxidative stress attributed to an imbalance between oxidant
and antioxidant substances in the body. OSI marked as a marker
of the capacity of antioxidant defense exaggeration by the produc-
tion of reactive oxygen substances (ROS). OSI based on the ratio of
ROS and antioxidant capacity. Pro-oxidants mark changing in the
ROS during the DM. Changes in ROS during the study is attributed
to an increase in the oxidant species after DM. Fig. 3a illustrates the
5

statistical comparison of the OS index between groups. Statisti-
cally, there was a significant increase in DM group (6.443 ± 0.856)
compared to the Control group (5.21 ± 1.51). Although there was
a tendency of decrease in the AV group (5.292 ± 0.349) and HPO
group (4.81 ± 0.798) compared to the Control group, the results
were statistically non-significant. On the other hand, when we
compared the OS index of the DM group with HPO, there was a sig-
nificant decrease in the HPO group (p < 0.05). Finally, there was
another significant between AV and HPO groups. OS index of HPO
was significantly decreased compared to the AV group (p < 0.05).

During diabetic wounds, some inflammatory cells and liver tis-
sues release inflammatory mediators and cytokines, which influ-
ence the whole process of inflammation. The most important
cytokines about this process are TNF-alpha, interleukins, and trans-
forming growth factor [23]. We measured the TNF-alpha level to
present the degree of inflammatory cytokines rise to link the sever-
ity of the disease. In Fig. 3b, we compared with mean ± SD the DM
(1028 ± 72.74), AV (1142 ± 81.93), and HPO (1017 ± 64.66) group
with Control (964.6 ± 204.6) between groups. However, there
was a significant reduction in the pro-inflammatory mediator of
the TNF-a level of the HPO group (p < 0.01) compared to the DM
groups. Table 1 summaries the statistical results of TAS, TOS
TNF- a and OS index of our measurements.

3.3. FTIR spectroscopy analysis

To determine the chemical changes induced by diabetic disease,
FTIR measured blood (Fig. 4a) and serum (Fig. 4b) collected from
rats were performed. In the obtained FTIR spectra, peaks corre-
sponding to phospholipids, proteins, and lipids vibrations, were
analyzed, because changes in these structures are observed in peo-
ple suffering from diabetic diseases [24] The peaks at 1057 cm�1

and 1249 cm�1 wavenumbers correspond to symmetric and asym-
metric vibrations of PO2� groups in phospholipids [25]. The other
peaks present in this spectrum are attributed to proteins [26].
The peaks at 1314 cm�1 are assigned to amide III, at 1395 cm�1

to symmetric vibration of the COO group, at 1456 cm�1 to the C-C
bond, at 1544 cm�1 to bending vibration of N-H and stretching
vibration of the C-N group from – amide II [27] and finally at



Fig. 3. Oxidative Stress Index of TAS (Total oxidant status) to Total oxidant level (TOS) levels rate (a); Tumor necrosis factor alpha (TNF-a) levels (b) on the serum of male rats
which were either control or DM with or without Streptozotocin-induced diabetes mellitus model (DM), and which were vehicle-, PGL/Ge, HPO, or AV treated. Each group
consists of 5 animals. &P < 0.05, compared to Control group; *P < 0.05, compared to HPO group, ++P < 0.01compared to DM group. Each group consists of 5 animals: control
(black color) vehicle, PCL/ Ge (red color) porcine gelatin, AV (green color) Aloe v., HPO (orange color) Hypericum p. treated groups. (+means exist, - means none exist).

Table 1
Serum TAS. TOS. TNF- a and OSI (Oxidative stress index) level with Mean ± Std. Deviation, One-way ANOVA Bonferroni’s multiple comparisons test results.

Control DM AV HPO

TAS 0.89 ± 0.064 0.781 ± 0.044 0.864 ± 0.021 1.016 ± 0.149
TOS 4.58 ± 0.99 5.01 ± 0.429 5.441 ± 0.398 4.812 ± 0.337
TNF-a 964.6 ± 204.6 1028 ± 72.74 1142 ± 81.93 1017 ± 64.66
OSI 5.21 ± 1.51 6.443 ± 0.856 5.292 ± 0.349 4.81 ± 0.798

Fig. 4. FTIR spectra of blood (a) and serum (b) of male rat groups: control (black color) vehicle, PCL/ Ge (red color), (red color), AV (green color), HPO (orange color) treated
groups. PCL/Ge, AV and HPO groups are STZ induced DM animals.
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1648 cm�1 to stretching vibrations of amide I [28]. Moreover, C = O
stretching vibrations building lipids structure were noticed in
1740 cm�1 wavenumber. Characteristic CH2 and CH3 vibrations
originating from carbon chain from lipids were visible in the IR
region between 2800 and 3000 cm�1 [29–31].

In the FTIR, spectra of blood (Fig. 4a) recorded for diabetic rats a
decrease in intensity of dressings originating from phospholipids is
6

noticed, in comparison to the control group. Moreover, a very sim-
ilar level of amide III vibrations in blood collected from DM, AV,
HPO, and control rats, is visible. Furthermore, when we compared
control and diabetic rats, an increase of amide II, amide I, and lipids
CH2 and CH3 vibrations are observed in the FTIR spectra collected
from three diabetic groups. In the case of FTIR spectra of serum,
a similar level of vibrations corresponding from symmetric and



Fig. 5. PCA analyses of blood (a) and serum (b) collected from male rat’s groups: control (black color) vehicle, PCL/ Ge (red color), AV (green color), HPO (orange color) treated
groups. PCL/Ge, AV and HPO groups are STZ induced DM animals. The IR range between 800 and 1800 cm�1.
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asymmetric of PO2� groups, amide III and lipids (the region
between 2800 and 3000 cm�1) in the Control, DM, and HPO is
noticed, while in the case of AV rats, the levels of phospholipids
and proteins functional group are lower, but the level of CH2 and
CH3 vibrations are higher, in comparison with control group. More-
over, an increase of amide I and amide II vibrations in STZ rats are
visible, when we compared this group with control one. Further-
more, the structure of peaks corresponding to PO2- vibrations differ
in serum collected from diabetic rats.
3.4. Multivariate analysis such as principal component analysis (PCA)

To determine the possibility to distinguish FTIR spectra of con-
trol and non-healthy groups treated and non-treated by Aloe vera
(L.) and St. John’s Wort oils, PCA (Fig. 5) analyses of blood and
serum collected from four rats group, were performed and pre-
sented below.

PCA analysis of blood (Fig. 5a) showed that FTIR spectra of AV
and STZ rat’s group are separated from the FTIR spectra of the con-
trol group. Moreover, PCA analysis of blood showed, that more
than half of rats from the HPO group have a similar chemical com-
position of blood to this observed in the Control group. The same
similarity in the case of HPO and Control groups was observed in
the serum collected from rats, Fig. 5b. Moreover, in this case, FTIR
spectra of serum collected from AV rats are more similar to FTIR
spectra collected from the Control group, than in the case of FTIR
blood spectra.
4. Discussion

Diabetes mellitus is a metabolic disorder, which affects more
and more people every year in worldwide. Unfortunately, effective
treatment for this disease has not yet been invented, and complica-
tions that cause diabetes are often very severe and difficult to treat.
Diabetic wound is one of the most widespread diabetes related
complication influencing 25% of diabetes patients [32], it is very
difficult to treat wounds on the body of people with diabetes com-
pared to the healthy individuals. Therefore, in this study, we pro-
duced nanofibers with A. vera (AV) and H. perforatum (HPO)
loaded PCL/Ge blends to stimulate self-repair mechanism on the
patients. Next, these nanofibers were used as wound dressings
and the effect of two different nanofibers was determined by bio-
chemical methods such as TAS, TOS, TNF-a and FTIR spectroscopy.
Diabetes with diabetic wounds causes a burst of free radicals that
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interact with various biomolecules, leading to the destruction of
cellular components, inflammatory reactions, increased oxidative
stress in the cells, and delay in healing, antioxidants prevent the
oxidation of biomolecules by eliminating overproduced ROS,
removing inflammation products in the process of healing. As it
is known that wound healing has four stages. Hemostasis which is
the process of the wound being closed by clotting. Inflammatory
Phase is the second stage of wound healing and begins right after
the injury, Proliferative Phase, wound healing is when the wound
is rebuilt with new tissue made up of collagen and extracellular
matrix. Maturation Phase is the remodeling stage of wound heal-
ing. In this study, we mainly aimed to see the effect of patches
on DM wounds especially in inflammatory phase. In our study,
we observed HPO patches are more the efficienct than AV patches
on wound healing. As it was described in previous studies, HPO has
impact on wound healing process either in our study. The extract
of this plant has tannins, hyperin, hypericin, hyperforin, amentofla-
vone, flavonoids, and xanthones [33]. It is also demonstrated that
amentoflavone and hypericin have anti-inflammatory activities
also; hyperforin has antibacterial potential [34]. Additionally, we
found the HPO treated STZ induced Diabetes group had increased
TAS level and decreased TOS level compared to AV treated DM
group. These may be because of the extracts of HPO that reduces
lipid peroxidation slowing cell necrosis and improving vascularity
[35].

Additionally, Aloe V. extracts contains polyphenols, anthra-
noids, steroids, fiber, salicylic acid, mineral components, as well
as vitamins. AV showed its antioxidative effect on DM animals
treated with these patches too. Nevertheless, AV extract was not
efficient as HPO patches. Our results Hes et al, [36] had been
showed that despite the numerous health-promoting properties
of aloe and a rich range of the bio-active compounds, Aloe vera
extract does not confirm a high antioxidant activity as in our
results. We showed that Aloe extract has scavenging effect antiox-
idant effect but its effect is weaker than H. Perporatium.

Very characteristic for diabetes is an increase of reactive oxygen
species, which are reproduced in various tissues under diabetic
conditions [37]. In our study, we also observed a higher level of
ROS parameters, Figs. 2, 3. Obtained results conforms, that diabetes
model, which we used are proper. Moreover, in people suffering
from diabetes diseases, dysregulation of glucose levels is observed
[24]. These dysregulations have very wide-ranging consequences
for lipids balance because metabolism of fats and carbohydrates
are intimately intertwined [38,39]. Indeed, when comparing the
results obtained by FTIR measurements of the blood as well as
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serum of STZ rats, changes in the amount and structure of
phospholipids, proteins, and lipids were observed, Fig. 4a, b.
Moreover, other researchers, which used FTIR spectroscopy to
determine the chemical changes induced by diabetes diseases, also
showed, that the amount and structure of lipid components in the
erythrocyte is different in healthy and non-healthy cells [40].
Caixeta et al. showed changes in the structure of phospholipids,
proteins, and lipids in the FTIR spectra collected from animals
suffering from diabetes mellitus [41]. Moreover, they also
noticed a correlation between changes in the proteins and lipids.
Furthermore, they monitored the treatment process of diabetes
mellitus by FTIR spectroscopy and they showed that it is
possible to use this method as to provide information about the
overall biochemical status of the examined sample based on the
vibrations of membrane structural unit as many other studies
[42,43,44]

Herbs or plant oils are very often used in disease therapy [45].
In diabetic, they are used in wounds treatment. Aloe vera showed
antidiabetic, anti-inflammatory, and antibacterial activities [21]
and antioxidant properties [46], which are also noticed in our
study. Figs. 2 and 3 showed a decrease of TOS and TAS levels in
the serum collected from STZ rats in comparison with animals
without Aloe vera treatment. In the literature information, that this
plant caused fibroplasia, collagen formation, and contraction that
culminated in faster healing in the diabetic animal model [47]. This
is means that Aloe vera extract is helpful in wound healing and
should be caused that the chemical compositions of tissues, body
fluids. Indeed, our FTIR measurements (Fig. 4) combined with
PCA analysis (Fig. 5) showed, that chemical composition of blood
and serum collected from AV rats (green spectrum) are more sim-
ilar to this observed in the control group (black spectrum) than in
PCL/Ge treated group (red spectrum). However, in this study also
HPO, was investigated. Therapy of STZ rats using this oil caused a
decrease of ROS parameters (Figs. 2, 3) and return chemical com-
positions of blood and serum to this characteristic for the control
group (Figs. 4, 5). Moreover, for HPO higher decrease of TOS and
TAS levels as for Aloe vera extract, was observed. This could be
because HPO contains hyperforin, flavonoids, and hypericin, which
are very strong antioxidants [48]. Moreover, Farsak et al. claimed
H. perforatum and olive oil decreased the oxidative stress in the
diabetic tissue permitting better healing [49]. Adollah-
Damavandi et al. showed, that the number of fibroblast cells
increased in diabetic rats that were treated with HPO compared
to the STZ rats [35].

This study clearly shows that there is a significant effect of HPO
dressings on the improvement of diabetic wounds compared to the
AV dressings. These wound dressing dressings may be applied as a
potential for the healing of DM wound. The obtained results defi-
nitely show that this absorbable band plays a very important role
in inflammation and pathophysiology of DM wounds. These dress-
ings directly affect inflammation parameters. It has high biocom-
patibility, low toxicity, and excellent mucoadhesion properties.
Depending on the composition, the selected herb extracts act as
for cell proliferation and provides tissue generation in skin mem-
brane structure.
5. Conclusion

In summary, we investigated nano dressings conjugation on
polymeric nanofiber formed from gelatin and polycaprolactone
composed by Aloe vera and Hypericum perforatum oil dressings
in STZ induced diabetic model on Wistar rats. Furthermore, in
the light of our results, these nano dressings with the efficacy of
both these plants can serve as a valid alternative for healing on sur-
gical diabetic wound healing and treatment.
8

Our study showed that Hypericum perforatum and Aloe vera
oils caused an increase of the TOS level in STZ rats. However, in
the case of oxidative stress index higher decrease of this parameter
was observed for the HPO group, than form AV rats, in comparison
with the diabetic model on Wistar rats. Also, FTIR spectra showed,
that the chemical structure of blood and serum collected from STZ
rats is more similar to this observed in control group after Hyper-
icum perforatum oil used than after treated using Aloe vera oil.
These differences are visible especially in PO2- groups from phos-
pholipids and in amide- I, II, III vibrations.

Our results showed, that both Hypericum perforatum oil, as
well as Aloe vera oils, could be used alternative for healing on sur-
gical diabetic wound healing and treatment, however, Hypericum
perforatum oil gives better results for bio-nano application.
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