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Abstract

Background: Diabetic wounds are one of the most important issues in diabetic patients. It seems that Juglans regia
L. leaf with antioxidant and anti-inflammatory potentials can be profitable for healing of diabetic wounds. The aim of
present study was to investigate the topical administration of Juglans regia L. leaf extract in diabetic wound healing.

Methods: Seventy-five diabetic male rats were randomly divided into 5 groups (n=15), including: untreated (Con-
trol) group, Eucerin group, 2% Juglans regia L. ointment (JRL 2%) group, 5% Juglans regia L. ointment (JRL 5%) group,
and Phenytoin group as a reference drug. Sampling was performed at days 7, 14, and 21 after surgery. Evaluation tests
included stereology, immunohistochemistry, molecular, and biomechanical.

Results: Our results showed that the wound closure rate, volumes of newly formed of epidermis and dermis, density
of fibroblasts and blood vessels, collagen deposition, density of proliferation cells, expression levels of TGF-f3 and VEGF
genes, and biomechanical characteristics were significantly higher in extract groups compared to control and eucerin
groups, however, these changes were considerable in the JRL 5% group (P< 0.05). This is while that the density of
neutrophils and expression levels of TNF-a and IL-13 genes in the extract groups, especially in the JRL 5% group, were
significantly reduced compared to control and eucerin groups (P < 0.05).

Conclusion: Topical administration of Juglans regia L. leaf extract, especially in 5% concentration, considerably accel-

erates diabetic wound healing.
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Background

Diabetic wound management and treatment has always
been one of the most important challenges in diabetic
patients [1]. About 34 percent of people with diabetes
suffer from diabetic foot ulcers, and about 84 percent of
cases lead to foot amputation [2]. Wound healing process
is a spontaneous event that mediated through several
sequential mechanisms [3]. Wound healing process starts
with hemostasis, during which platelet plaque is formed
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and prevents bleeding from the injury site. The next stage
is inflammation which begins with the influx of neutro-
phils to the wound site in order to remove debris and pre-
vent infection. This event is enhanced by the release of
histamine from mast cells. At this stage, monocytes enter
the wound site with a delay compared to neutrophils
and differentiate into macrophages to phagocytize the
remaining cell debris. The next stage is called the prolifer-
ative phase, during which keratinocytes begin to migrate
to close the wound site, new blood vessels are created in
the site, and fibroblasts replace the initial fibrin tissue
with granulation tissue. Macrophages and T lymphocyte
cells play a vital role in promoting this stage. At the end,
the extracellular matrix is regenerated by fibroblasts and
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the wound is closed by the contraction of myofibroblasts
[4, 5]. However, wound healing process is dysregulated
in diabetic ulcers due to various reasons. The first main
and important reason is the prolonged inflammation,
which is due to the excessive production of inflamma-
tory cytokines such as tumor necrosis factor (TNF)-a
and interleukin (IL)-1p from the immune cells present in
the site, and this causes a serious disturbance in the func-
tion of the another local cells [6]. The next reason is the
weakness of local cells such as fibroblasts and keratino-
cytes due to oxidative stress caused by systemic hyper-
glycemia in the production of some cytokines effective in
repair and regeneration such as transforming growth fac-
tor (TGF)-P and insulin-like growth factor (IGF)-1 [7, 8].
Also, due to the weakness of fibroblast cells, the produc-
tion of collagen fibers as the most important compound
in the extracellular matrix (ECM) faces a serious problem
and the closing time is delayed [9]. Moreover, due to the
inappropriate quality of the produced collagens, even if
the diabetic wound heals, it does not have ideal biome-
chanical properties and after some time, the wound will
form again [10]. The next and important reason for the
stability of diabetic wounds is the hypoxia of the wound
site caused by the disturbance in the angiogenesis pro-
cess and diabetic vasculopathy [11]. The main and impor-
tant factor in the occurrence of angiogenesis is vascular
endothelial growth factor (VEGF), which is produced by
the local cells of the wound [6]. In diabetic wounds, due
to the reasons mentioned earlier, the production of this
cytokine faces a serious problem [12, 13]. It seems that
if it is possible to use a combination that has properties
such as availability, anti-inflammatory, antioxidant and
antimicrobial, it can be helped to a great extent in the
healing of diabetic wounds [14, 15].

In the meantime, herbal medicines have been of inter-
est to the public for a long time, and in recent decades,
they have attracted the special attention of research-
ers [16, 17]. The use of medicinal plants against chemi-
cal drugs, in addition to fewer side effects, is economical
and safer and more accessible [18]. One of these plants,
which is highly recommended in Iranian traditional
medicine, is walnut (Juglans regia L.) [19-21]. The most
important parts of this plant are its leaves, whose main
phenolic compounds include flavonoids, phenolic acids
and naphthoquinones [22, 23]. Studies have shown that
the consumption of Juglans regia L. leaf extract causes
a significant decrease in blood sugar in diabetic patients
[24, 25]. Also, animal studies have shown positive and
significant effects of Juglans regia L. leaf extract in the
prevention and treatment of diabetic complications such
as neuropathy [26], nephropathy [27] and retinopathy
[28]. In addition, our laboratory previously reported that
the use of Juglans regia L. leaf extract can attenuates the
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diabetic complications in the male reproductive structure
[29]. However, among the most important main mecha-
nisms for this plant in all studies, significant anti-inflam-
matory and antioxidant effects along with blood sugar
reduction have been listed.

Currently, based on traditional medicine documen-
tation and recently scientific evidence, we investigated
the beneficial effects of topical administration of Juglans
regia L. leaf extract and the underlying molecular mecha-
nisms in diabetic wound as a common serious complica-
tion of diabetes.

Methods

Plant material and preparation of plant extract

Juglans regia L. leaves were obtained from the Sari sub-
urb, Iran in august 2021, from 25-26 year old trees. The
leaves were dried at room ambient (away from sunlight)
and then powdered before extraction. Dried powder
(75 g) was extracted using methanol (200 mL) by mac-
eration for one day at room temperature. After filtra-
tion through filter paper, the residue was extracted twice
more. Extracts were filtered, combined and concentrated
under reduced pressure at 34—36 °C using a Heidolph
rotary evaporator [26—28]. A 5% and 2% ointment was
prepared in Eucerin.

Animals and experimental design

A total of seventy-five male Wistar rats (200-250 g
and 8 weeks old) were obtained from Pasteur Institute
in Mazandaran, Iran. In order to induce type 1 diabe-
tes, all animals received a single intraperitoneal (ip)
dose of streptozotocin (STZ; 55 mg/kg). Three days
later, the diabetes was validated as fasting blood sugar
(FBS) >250 mg/dL, and animals were placed in individ-
ual metabolic cages under normal laboratory conditions.
Wound creation and treatments were performed after
a 30-day period of diabetes. Studies have shown that in
order for the symptoms of diabetes in rats to occur, it
takes between 21 and 30 days from the onset of diabe-
tes [10, 27, 28]. At the end of day 30, the animals were
randomly allocated into five groups (n=15), includ-
ing: untreated (Control) group, vehicle treated (Eucerin)
group which received topically with 1 g of ointment base,
2% extract ointment (JRL 2%) group which received
topically with 1 g of 2% Juglans regia L. ointment, 5%
extract ointment (JRL 5%) group which received topically
with 1 g of 5% Juglans regia L. ointment, and Phenytoin
treated group which received topically 1 g of phenytoin
as a reference drug. Administration was done daily and at
the same times in all groups for 21 days. Sampling of the
studied groups was performed on days 7, 14 and 21 days
after surgery [10, 30].
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Wound model
The rats were anesthetized using ip injections of keta-
mine and xylazine (50 and 5 mg/kg, respectively). Then,
the rats were placed on a surgical table in a prone posi-
tion and their back thoracic hairs were shaved. A 15 mm
in diameter was cut off from an upper thoracic region
on the back of the rats. Wound size was the same in all
rats and was performed by an experienced person using a
scalpel No. 15 blade. Also, the depth of wounds was full-
thickness which included both dermis and hypodermis.
The progressive changes in the wound closure were
photographed on days 0, 7, 14, and 21 after surgery, using
a digital camera (FinePix S20, Japan). Then, the photos
were analyzed using MacBiophotonics in Image] soft-
ware (National Institutes of Health) and wound closure
rate was calculated and compared between the groups on
each time point [13], using the following formula:

AO _An

Wound closure (%) = x 100

where, A : wound area on day n, and A: wound area on
day 0 [31].

Histological and stereological assessments

The animals were deeply anesthetized and sacrificed at
the three target time points of the experiment and full-
thickness of the wound tissues and normal adjacent skin
were harvested. The samples were immediately placed in
10% formalin fixative. After tissue processing, the sam-
ples were molded in paraffin and then serial sections
were prepared using microtome. The thickness of the
sections was in two sizes, 5 pum (to assess the volumes
of the newly formed epidermis and dermis and the den-
sity of collagen) and 20 um (to evaluate the density of
fibroblasts, neutrophils and blood vessels). The number
of selected sections from each sample were 10 at equal
intervals [32]. Next, the sections were stained using
hematoxylin and eosin (H&E) and Mallory’s trichrome
(MT). The distribution of collagen, in the MT-stained
sections, was quantified using MacBiophotonics in
Image] software (National Institutes of Health) and digi-
tal densitometry recognition. For this purpose, a total of
25 randomly picked micrographs from 5 sections were
captured for each sample using a 40 x magnification
objective lens. The collagen percentage was calculated by
dividing the total blue-colored area by the total areas of
the micrographs [13].

The volumes of the newly formed epidermis and dermis

To evaluate the volumes of the newly formed epidermis
and dermis, Cavalieri method was used. For this purpose,
after selecting 10 photos (one photo from each section)
of each rat, a grid of points was projected on the photos
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(Supplementary Fig. 1). Next, all the points that were
superimposed on the newly formed tissues were counted.
The total volumes of the newly formed epidermis or der-
mis were evaluated wusing the following for-
mula:Vy, = > P X l% x t: XP: the total number of
points counted from 10 photos; a/p (mm?): the area
related with each square formed between 4 points; and t
(mm): the intervals between the selected sections per-
ceivably [10].

Density of cells

To estimate density (N,) of the fibroblasts and neutro-
phils in the wound site, the optical dissector method was
used (Supplementary Fig. 1). For this purpose, after
counting cells in tissue Sects. (10 per rat), the following
formula was used: N, = ETSX“ X ﬁ, where XQ: the

total number of nuclei; Xp: the total number of the
counted frames; h (um): height of the dissector; a/f
(mm?): frame area; t (um): real sectional thickness; and
BA (um): block advance of the microtome (set at 20 pm).

Density of blood vessels
The following formula was used to measure the density of
blood vessels in the newly formed dermis: L, = zijfoﬂ’:

>Q: the total number of the counted blood vessels; XP:
the total number of the counted frames; and a/f (mm?):
counting frame area (Supplementary Fig. 1).

Immunohistochemistry

To determine the proliferating cells in newly formed
dermis, immunostaining against ki67 antibody was per-
formed [10]. Briefly, ten selected sections with equal
distances from each rat were exposed to goat serum for
30 min. Then, anti-ki67 rabbit polyclonal antibody was
added to the samples (1: 100 in PBS, Abcam ab833) and
incubated overnight at refrigerator temperature. The next
day, the sections were exposed to the secondary antibody
(goat anti-rabbit IgG-HRP, Abcam) for one hour. Finally,
diaminobenzidine tetrahydrochloride (DAB) was added
to detect positive reactions. The sections were mounted
and evaluated using a light microscope. For quantitative
analysis, 5 photos of each sample were collected from all
rats in each study group and evaluated by densitometry
using MacBiophotonics in Image] software (National
Institutes of Health). Data are represented as a percent-
age of total tissue area [33].

gRT-PCR
In the present study, the expression levels of four genes
were examined, including TGF-p (effective in prolifera-
tion and regeneration), VEGF (effective in angiogenesis),
TNF-a and IL-1f (inflammatory genes). For this purpose,
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the harvested tissue samples on day 7 were homogenized
using Lyser device and the total RNA was extracted
using Yekta (Yekta-tajhiz, Tehran). The quality of the
extracted RNA was confirmed using a Nano-spectropho-
tometer and 1% gel agarose electrophoresis. The cDNA
was reverse-transcribed from 1 pg of the total RNA in a
20 pl reaction mixture based on a protocol derived from
Yekta-cDNA synthesis kit (Yekta-tajhiz, Tehran). The
ratio of the absorbance at 260 and 280 nm (A260/280)
for all samples were about 1.808-2.014, and A260/230
ratios were about 0.3-0.7. Then, qRT-PCR reactions were
performed for three biological replicates on the real-
time PCR system (Applied Biosystems StepOne instru-
ment) using SYBR Green Master Mix and sets of primers
(Table 1). The final analyses were performed using the
comparative CT method (2744<) [13, 34].

Wound strength assessment

In order to evaluate the consistency of the restored tis-
sue, at the end of the study (day 21), a standard rectangu-
lar sample measuring 5 x 50 mm was removed from the
wound area. The strip samples were placed in a biome-
chanical testing system (Santam Co., Iran). Deformation
rate was maintained at 10 mm/min and the maximum
force (N) and energy absorption (J) were calculated.

Statistical analysis

All quantitative data were analyzed using One-way
ANOVA followed by Tukey’s post-hoc tests by SPSS soft-
ware (version 19, Chicago, IL). The data were expressed
as the mean+SD and the P<0.05 was considered
significant.

Results

Wound closure rate

The photographs of progressive healing of the wounds
and their quantitative measurement among the experi-
mental groups on days 7, 14 and 21 are shown in Fig. 1A-
B. Evaluating wound closure rate on day 7 showed that

Table 1 Sequences of primers used to analyze molecular levels

Gene Sequence (5'>3")
TGF-B F: GGCTGAACCCGAGAGACGGA
R: CCATGCGAAGCAGGAAGGGT
VEGF F: ATCGAAAGTGGTCCCAG
R: CAATACTGCGCCGAGTAG
TNF-a F: AGCGATCTTCTCATTCCTGCTC
R: GTTTGCTACGACGCGAGCTAC
I-18 F: GACAAGCAAGCACAAAATCCC
R: TGGGCTATTGTTTGTGATCCAC
B-Actin F: CCCATCGATGAGGGTTACGC

R: TTTAATGTACCGCAAGATTTC
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phenytoin, JRL 2%, and JRL 5% groups had a signifi-
cantly higher healing rate in comparison to control and
eucerin groups (both, P<0.05, P<0.05, and P<0.001,
respectively). Also, among the treated groups on day 7,
the wound closure rate in JRL 5% group was significantly
higher compared to phenytoin and JRL 2%, groups (both,
P<0.05). Wound closure rate on day 14 was signifi-
cantly higher in phenytoin, JRL 2%, and JRL 5% groups
compared to control and eucerin groups (both, P<0.05,
P<0.05, and P<0.001, respectively) (P<0.05, P<0.01, and
P<0.0001, respectively). Also, on day 14, the healing rate
was higher in the JRL 5% group compared to the pheny-
toin group (P < 0.05). Finally, evaluation of wound closure
on day 21 showed that phenytoin, JRL 2%, and JRL 5%
groups had a considerable healing rate compared to con-
trol (P<0.05, P<0.01, and P<0.0001, respectively) and
eucerin (both, P<0.05, P<0.05, and P<0.001, respec-
tively) groups. Furthermore, the rate of wound closure on
day 21 in JRL 5% group was significantly higher than phe-
nytoin group (P < 0.05) (Fig. 1B).

Stereological parameters
The results of stereological evaluations are shown in
Fig. 2.

Volume of newly formed epidermis and dermis

In assessing new epidermis volume on day 7, our finding
showed significantly greater volume in phenytoin, JRL
2%, and JRL 5% groups compared to control and eucerin
groups (both, P<0.01, P<0.001, and P<0.0001, respec-
tively). Furthermore, comparing the finding between
treated groups showed that JRL 5% group had consider-
ably more new epidermis volume than phenytoin groups
(P<0.05). Evaluation of new epidermis volume on day
14 showed that phenytoin, JRL 2%, and JRL 5% groups
had significantly more volume than control and eucerin
groups (both, P<0.05, P<0.01, and P<0.0001, respec-
tively). Also, among the treated groups, JRL 5% group
was significantly higher than phenytoin and JRL 2%
groups (P<0.01 and P<0.05, respectively). Finally, the
volume of new epidermis on day 21 was higher in pheny-
toin, JRL 2%, and JRL 5% groups compared to control and
eucerin groups (both, P<0.01, P<0.001, and P<0.0001,
respectively). Meanwhile, JRL 5% group had significantly
more new epidermis volume than phenytoin and JRL 2%
groups (P<0.01 and P<0.05, respectively) (Fig. 2A).

In measuring of the new dermis volume on day 7, we
found that phenytoin, JRL 2%, and JRL 5% groups had
significantly higher volume compared to control and
eucerin groups (both, P<0.01, P<0.001, and P<0.0001,
respectively). In addition, volume of new dermis in JRL
5% group was considerably higher in comparison to phe-
nytoin group, on day 7 (P<0.01).
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Fig. 1 Effects of topical administration of Juglans regia L. leaf extract on observational changes and wound closure. A The photographs show
the progressive healing of the wounds among the study group. B Percentage of wound closure on days 7, 14 and 21. Data are represented as
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Comparing the new dermis volume between experi-
mental groups on days 14 indicated that JRL 2% group
in comparison to control and eucerin groups (P<0.05
and P<0.01, respectively), and JRL 5% compared
to control, eucerin, and phenytoin groups (P<0.01,
P<0.0001, and P<0.05, respectively) had significantly
more volume. Finally, measuring the volume of newly
formed dermis on day 21 showed that phenytoin, JRL
2%, and JRL 5% groups were significantly higher com-
pared to the control (P<0.01, P<0.001, and P<0.0001,
respectively) and phenytoin (P<0.05, P<0.0Il, and
P<0.0001, respectively) groups. Also, JRL 5% group
had significantly more new dermis volume than pheny-
toin and JRL 2% groups, on day 21(P<0.01 and P< 0.05,
respectively) (Fig. 2B).

Density of cells and blood vessels
Density of fibroblasts was considerably higher in phe-
nytoin, JRL 2%, and JRL 5% groups compared to control
(P<0.05, P<0.01, and P<0.0001, respectively) and euc-
erin (P<0.05, P<0.01, and P<0.001, respectively) groups,
on day 7. Also, evaluation of fibroblast density in two
other time periods among the study groups showed that
phenytoin, JRL 2%, and JRL 5% groups had significantly
higher density in comparison to control and eucerin
groups (both, P<0.05, P<0.05, and P<0.001, respec-
tively). Furthermore, JRL 5% group has significantly more
fibroblasts density compared to phenytoin group, on days
7 and 14 (both, P<0.05) (Fig. 2C-E).

Considering neutrophils, we found that the cell den-
sity decreased considerably in phenytoin, JRL 2%, and
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Fig. 2 Effects of topical administration of Juglans regia L. leaf extract on stereological parameters and collagen density. A, B Volumes of newly
formed epidermis and dermis in the healing wounds on days 7, 14, and 21. Density of fibroblasts, neutrophils and blood vessels in new dermis
ondays 7 (C), 14 (D), and 21 (E). F Collagen density percentage in new dermis on days 7, 14 and 21. Data are represented as Mean & SD. *P < 0.05;
¥*P<0.01, %P <0.001,****P < 0.0001

JRL 5% groups compared to control and eucerin groups
on days 7 (both, P<0.05, P<0.05, and P<0.001, respec-
tively). On day 14, our results showed significantly lower

density of neutrophils in phenytoin, JRL 2%, and JRL
5% groups compared to control (P<0.05, P<0.01, and
P<0.0001, respectively) and eucerin (P<0.05, P<0.001,




Nasiry et al. BMC Complementary Medicine and Therapies

and P<0.0001, respectively) groups. Finally, the evalua-
tion of the density of these cells on day 21 showed that
only two JRL 2%, and JRL 5% groups had significantly low
density compared to the control (P<0.05 and P<0.001,
respectively) and phenytoin (P<0.01 and P<0.0001,
respectively) groups. Meanwhile, JRL 5% group has sig-
nificantly low neutrophils density compared to pheny-
toin group on days 7, 14, and 21 (P<0.05, P<0.01, and
P<0.01, respectively) and compared to JRL 2% group on
days 14 (P<0.05) (Fig. 2C-E).

In addition, comparison of blood vessels density
showed that there was significantly more vasculature in
phenytoin, JRL 2%, and JRL 5% groups in comparison
to control and eucerin groups on days 7 (both, P<0.05,
P<0.01, and P<0.001, respectively) and 14 (both, P<0.05,
P<0.01, and P<0.001, respectively). Moreover, on day 14,
blood vessels density in JRL 5% group was significantly
more in comparison to phenytoin group (P<0.05). The
evaluation of blood vessels density on day 21 indicated
that the JRL 5% group had more density compared to the
control, eucerin and phenytoin groups (P<0.01, P<0.01,
and P<0.05, respectively). Also, on the same day, the
density of blood vessels in the JRL 2% group was higher
compared to the control group (P< 0.05).

Collagen density in the new dermis

To evaluate the collagen density in the newly formed der-
mis, MT staining was performed. The results of quan-
tification are shown in Fig. 2F. The results showed that
deposition of collagen considerably increased in JRL 2%
and JRL 5% groups compared to control and eucerin
groups, on day 7 (both, P<0.05 and P<0.001, respec-
tively). Moreover, on day 7, collagen density in JRL 5%
group was significantly more in comparison to phenytoin
group (P<0.05).

On day 14, JRL 5% group compared to control and euc-
erin groups (both, P<0.0I) and JRL 2% group compared
to eucerin group (P<0.05) had significantly more colla-
gen density.

Finally, evaluation of collagen density on day 21 showed
that phenytoin, JRL 2%, and JRL 5% groups had higher
collagen density than control and eucerin groups (both,
P<0.05, P<0.05, and P<0.001, respectively).

Proliferation of cells in the new dermis

In order to evaluate the effects of Juglans regia L. leaf
extract in the proliferation of cells in the new dermis,
immunohistochemistry against Ki67 protein was per-
formed. Figure 3A shows the micrographs of Ki67 posi-
tive cells in the studied groups at three time points on
days 7, 14 and 21. Quantitative evaluation of proliferat-
ing cells on day 7 showed that it was significantly higher
in phenytoin, JRL 2%, and JRL 5% groups compared to
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control and eucerin groups (both, P<0.05, P<0.05, and
P<0.001, respectively). On day 14, density of Ki67 posi-
tive cells was significantly more in JRL 2% and JRL 5%
groups compared to control (P<0.05 and P<0.001,
respectively) and eucerin (P<0.05 and P<0.01, respec-
tively) groups. Finally, on day 21, the results indicated
that the density of Ki67 positive cells in phenytoin, JRL
2%, and JRL 5% groups was significantly higher compared
to control (P<0.05, P<0.01, and P<0.001, respectively)
and eucerin (P<0.05, P<0.05 and P<0.001, respectively)
groups. (Fig. 3B).

qRT-PCR gene expression

To assessment the effects of Juglans regia L. leaf extract
on wound healing at molecular levels, we determinate
the amount of transcripts for TGF-p and VEGF genes
(involved in regeneration and angiogenesis, respectively)
as well as TNF-a and IL-1( genes (involved in inflam-
mation) on day 7 (Fig. 4A). The results showed that the
expression of TGF-P gene in phenytoin, JRL 2%, and JRL
5% groups in comparison to control (P<0.05, P<0.01,
and P<0.0001, respectively) and eucerin (P<0.05,
P<0.01, and P<0.001, respectively) groups considerably
was higher. Moreover, TGF-f gene in JRL 5% group was
significantly upregulated compared to phenytoin group
(P<0.05).

Evaluation of VEGF gene expression among the study
groups showed that phenytoin, JRL 2%, and JRL 5%
groups had higher expression levels compared to the
control and eucerin groups (both, P<0.01, P<0.01, and
P<0.0001, respectively). Also, the levels of VEGF gene
expression in the JRL 5% group was significantly higher
compared to the phenytoin and JRL 2% groups (both,
P<0.01).

Furthermore, evaluation of inflammatory genes
among the study groups showed that phenytoin, JRL
2%, and JRL 5% groups in comparison to control and
eucerin groups (both, P<0.01, P<0.01, and P<0.0001,
respectively), the expression of TNF-a gene was signifi-
cantly lower.

Also, regarding the IL-1p gene, similar results were
obtained such that the phenytoin, JRL 2%, and JRL 5%
groups had lower expression levels compared to the con-
trol and eucerin groups (both, P<0.01, P<0.001, and
P<0.0001, respectively). Comparing the results between
the treatment groups also showed that the JRL 5% group
had lower expression levels of TNF-a and IL-1p genes
compared to the phenytoin group (P<0.05 and P<0.01,
respectively).

Biomechanical characterizes
To evaluate the consistency of the healing tissue,
the skin of the repaired wounds was evaluated by
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Fig. 3 Effects of topical administration of Juglans regia L. leaf extract on cell proliferation in new dermis. A Immunohistochemical
photomicrographs against Ki67 protein (with dark brown nuclei) in new dermis on days 7, 14, and 21. B Density of positive stained cells in new
dermis in the three time periods studied. Data are represented as Mean & SD. *P < 0.05; **P < 0.01, ***P < 0.001
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tensiometery on day 21. The results are shown in
Fig. 4B. We found that phenytoin, JRL 2%, and JRL
5% groups had significantly higher maximum force
(P<0.05, P<0.01, and P<0.001, respectively) and
energy absorption (P<0.05, P<0.05, and P<0.001,

respectively) compared to both control and eucerin
groups. Also, the comparison of mechanical properties
between the treated groups showed that JRL 5% group
in comparison to phenytoin group, had significantly
higher energy absorption (P <0.05).
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characteristics assessed on day 21. Data are represented as Mean & SD. *P < 0.05; **P< 0.01, ***P < 0.001, ****P < 0.0001

Discussion

In the present study, the effects of topical administra-
tion of Juglans regia L. leaf extract ointment in two
concentrations of 2 and 5% in diabetic wound healing
were investigated. In general, our results showed that
the extract used in both concentrations had clear and
significant effects on all wound healing parameters
compared to the control and eucerin groups. How-
ever, these changes were more considerable in the 5%
extract group. Also, in the present study, the phenytoin
group as a reference drug was compared with other
groups. Although phenytoin was better compared

to the control and eucerin groups, it was less effec-
tive compared to the extract groups, especially the 5%
extract.

In the present study, in order to accurately evaluate
the interventions performed in diabetic wound healing,
evaluations were performed in three time periods. The
seventh day was due to the overlap between the inflam-
matory and proliferative phases, the fourteenth day was
due to the overlap of the proliferative phases and the
beginning of the regeneration phase, and the 21st day
was due to the peak of tissue regeneration and matura-
tion [10, 11, 13].



Nasiry et al. BMC Complementary Medicine and Therapies

Prolonged inflammation is one of the most important
challenges in the chronic wound healing process [35].
Early in the wound healing process, some inflammatory
cytokines, such as TNF-a and IL-1p, are secreted by some
local cells, such as macrophages and cause inflammatory
cells such as neutrophils to be absorbed into the wound
site and the normal inflammatory phase begins [36].
However, excessive secretion of these cytokines prolongs
the inflammatory phase, resulting in chronic ulceration
[37]. In this regard, in the present study, two methods
were used to evaluate the anti-inflammatory properties
of treated regimens including stereological (neutrophils
density), and molecular (TNF-a and IL-1p gene expres-
sions) assessments. The results showed that the density
of neutrophils and expression levels of TNF-a and IL-1f
genes in the phenytoin, JRL 2%, and JRL 5% groups were
significantly reduced compared to control and eucerin
groups. However, in all cases, this reduction was more
pronounced in the JRL 5% group in comparison to con-
trol and eucerin groups. Moreover, the comparison of the
inflammatory results between extract groups and pheny-
toin group indicated a decrease in inflammation in the
extract groups and these changes were significant in the
JRL 5% group in all cases.

In this regard, our laboratory previously reported that
Juglans regia L. leaf extract has significant anti-inflam-
matory effects and can significantly reduce the levels of
inflammatory proteins such as COX-2, PARP and iNOS
and prevent the development of diabetes complications
[26-28]. On the other hand, Gharaboghaz et al. docu-
mented that there is a cross-link between the inflamma-
tion and antioxidant statues in wound area [38]. In this
regard, we previously reported that Juglans regia L. leaf
extract has very high antioxidant properties due to the
presence of rich phenolic and flavonoid compounds [29].
Therefore, based on the our previous reports about anti-
oxidative capacity of Juglans regia L. leaf extract, it is only
logical to conclude that the antioxidant status can signifi-
cantly suppresses the excessive inflammatory reactions.

The presence of some cytokines such as TGF-f in the
wound bed can play a key role in healing. This cytokine
has been shown to stimulate proliferation of keratinocyte
and fibroblasts and regenerate the ECM [10]. Our results
clearly showed an increase in TGF-p gene expression in
the phenytoin, JRL 2%, and JRL 5% groups in comparison
to control and eucerin groups. Furthermore, the compar-
ison of TGF-P gene expression between the extract and
phenytoin groups indicated that the level of this gene was
more upregulated in the extract groups, and this differ-
ence was significant in the JRL 5% group compared to the
phenytoin group.

Furthermore, Desmouliere et al. reported that TGF-f
induces the differentiation of fibroblast cells into

(2022) 22:255
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myofibroblasts and accelerates wound closure [39].
Also, TGF-p was reported that promote the prolifera-
tion of local cells such as fibroblasts and keratinocytes
[10, 40]. Evaluation of fibroblasts density, volumes of
newly formed epidermis and dermis, and cell prolifera-
tion in new dermis in present study indicated that their
levels in the phenytoin, JRL 2%, and JRL 5% groups
were considerably increased compared to control and
eucerin groups. However, these changes were more
pronounced in the JRL 5% group. Also, the comparison
between extract and phenytoin groups indicated that
the volumes of newly formed epidermis and dermis and
the density of proliferating cells were higher in the JRL
5% group compared to the other two groups, and in
some cases this difference was statistically significant.
Among the most important causes of delay in diabetic
wound healing are hypoxia and lack of proper blood
supply to the wound site [41]. Studies have shown that
these factors are due to reasons such as vasculopathy
and oxidative stress occurred in local endothelial cells
that inhibited angiogenesis [35, 42]. Among these, one
of the most important factors that play a key role in
angiogenesis is VEGF. This factor is produced by local-
ized cells such as fibroblasts, however, during diabetes
due to hyperglycemia followed by oxidative stress, the
ability of these cells significantly reduced [43]. There-
fore, our hypothesis was that the use of a combination
with antioxidant properties and blood sugar reduction
can greatly reduce the occurrence of local oxidative
stress and then increase the expression of VEGF factor
and angiogenesis in the site. Our results confirmed this
hypothesis that the levels of VEGF gene expression as
well as the density of blood vessels in new dermis were
significantly higher in the treated groups, especially in
JRL 5% group compared to control and eucerin groups.
Collagen is one of the main structures of the ECM
and determines the consistency of tissue [44]. These
fibers are produced by fibroblasts in the dermis, how-
ever, during diabetes their production and quality are
significantly reduced [9]. However, our hypothesis was
that the use of Juglans regia L. leaf extract, as a strong
antioxidant, can increase collagen production by con-
trolling oxidative stress in fibroblast cells. In addition,
in order to confirm the increase in collagen density in
new dermis, the wound closure rate at the studied time
intervals as well as the consistency of the repaired tis-
sue at the end of the study were evaluated. The results
showed that the collagen density, wound closure rate
and wound strength in treated groups, especially the
JRL 5% group, were significantly higher than control
and eucerin groups. Comparing the results between
the extract and phenytoin groups indicated that the
effects of the extract, especially JRL 5%, were better,
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and in some cases the difference between them was
significant.

In present study, there are two main limitations.
First, the sample size should be larger for more experi-
mental integrity. The second limitation is the use of
the rat model for studying human wound healing. As
the histological structures are different in human and
rats, the healing characteristics have some differences
between them. Contraction plays an important role in
wound healing in rats [45]. However, the wounds of
human mainly heal by re-epithelialization. Although
the panniculus carnosus which plays an important role
in wound contraction in rats has been removed after
debridement, the involvement of contraction did not
completely exclude in the present study.

Conclusion

The present study demonstrated that topical admin-
istration of Juglans regia L. leaf extract significantly
accelerate wound healing in compared to control and
eucerin groups, however, these changes were consid-
erable in the JRL 5% group. Considering the beneficial
effects of Juglans regia L. leaf extract in other compli-
cations of diabetes that have been reported previously
and our findings in present study, it is suggested to con-
duct human studies to confirm its effectiveness.

Abbreviations

ECM: Extracellular matrix; TNF-a: Tumor necrosis factor-alpha; IL-13: Interleu-
kin-1beta; TGF-{: Transforming growth factor-beta; VEGF: Vascular endothelial
growth factor; STZ: Streptozotocin; IP: Intraperitoneal; FBS: Fast blood sugar;
MT: Mallory’s trichrome; DAB: Diaminobenzidine tetrahydrochloride; PBS:
Phosphate buffered saline; gRT-PCR: Quantitative real-time polymerase chain
reaction; COX-2: Cyclooxygenase-2; iNOS: Inducible nitric oxide synthase;
PARP: Poly (ADP-ribose) polymerase.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512906-022-03735-6.

Additional file 1: Supplementary Fig 1. Stereological analyses for newly
formed of epidermis and dermis volumes, numerical cells density and
blood vessel density.

Acknowledgements
We are thankful for the funding provided by Mazandaran University of Medical
Science, Iran.

Authors’ contributions

DN, and A. K. supervised the study, provided financial support, and contrib-
uted to the study concept and design, interpretation of data, and editing
and final approval of the manuscript. A.G. performed the experiments, data
acquisition and analysis, as well as drafting of the manuscript. M.E. prepara-
tion of extract and ointment, contributed to the study concept and design.
M.H. performed the experiments and data acquisition and analysis. Al
authors reviewed and commented on the manuscript and approved the final
manuscript.

Page 11 of 12

Funding
This work was solely financed by Mazandaran University of Medical Sciences.

Availability of data and materials
All the data is available with Prof. Ali Reza Khalatbary, reasonable request will
be responded with supplementary raw-data.

Declarations

Ethics approval and consent to participate

All experimental protocols were approved by Ethics Committee of
Mazandaran University of Medical Sciences based on NIH Guide for the Care
and Use of Laboratory Animals (IRMAZUMS.4.REC.1400.11870). The methods
were carried out in compliance with the ARRIVE guidelines. The protocol
regarding the use of plant material in present study complied with local and
national regulations. Consent and permission were sought and were granted
before harvesting plant material. The leaves were identified by a Botanist Pro-
fessor Bahman Eslami, Voucher specimen (No 629) was deposited in the Sari
faculty of Pharmacy. All animal experiments were carried out in accordance
with National Institute of Health Guidelines for Care and Use of Laboratory
Animals in Biomedical Research.

Consent for publication
Not applicable.

Competing interests
There are no conflicts of interest declare by authors.

Author details

' Amol Faculty of Paramedicine, Mazandaran University of Medical Sciences,
Sari, Iran. “Cellular and Molecular Research Center, Mazandaran University

of Medical Sciences, Sari, Iran. >Department of Nutrition, Health Sciences
Research Center, Faculty of Public Health, Addiction Institute, Mazandaran
University of Medical Sciences, Sari, Iran. “Pharmaceutical Sciences Research
Center, Faculty of Pharmacy, Mazandaran University of Medical Sciences, Sari,
Iran. >Faculty of Pharmacy, Mazandaran University of Medical Sciences, Sari,
Iran.

Received: 22 July 2022 Accepted: 21 September 2022
Published online: 03 October 2022

References

1. Burgess JL, Wyant WA, Abdo Abujamra B, Kirsner RS, Jozic |. Diabetic
wound-healing science. Medicina. 2021;57(10):1072.

2. Armstrong DG, Boulton AJ, Bus SA. Diabetic foot ulcers and their recur-
rence. N Engl J Med. 2017,376(24):2367-75.

3. Rodrigues M, Kosaric N, Bonham CA, Gurtner GC. Wound healing: a cel-
lular perspective. Physiol Rev. 2019;99(1):665-706.

4. VelnarT, Bailey T, Smrkolj V. The wound healing process: an over-
view of the cellular and molecular mechanisms. J Int Med Res.
2009;37(5):1528-42.

5. Wilkinson HN, Hardman MJ. Wound healing: Cellular mechanisms and
pathological outcomes. Open Biol. 2020;10(9):200223.

6. Dardmah F, Farahpour MR. Quercus infectoria gall extract aids wound
healing in a streptozocin-induced diabetic mouse model. J Wound Care.
2021,30(8):618-25.

7. Daemi A, Lotfi M, Farahpour MR, Oryan A, Ghayour SJ, Sonboli A. Topical
application of Cinnamomum hydroethanolic extract improves wound
healing by enhancing re-epithelialization and keratin biosynthesis in
streptozotocin-induced diabetic mice. Pharm Biol. 2019;57(1):799-806.

8. Otaghvar HA, Rezapour-Nasrabad R, Ebrahimzadeh MA, Yaghoubi M,
Khalatbary AR, Nasiry D, Raoofi A, Rostamzadeh A. The effects of Feijoa
sellowiana fruit extract on wound healing in rats: a stereological and
molecular study. J Wound Care. 2022;31(Sup8):536-44.

9. Nilforoushzadeh MA, Raoofi A, Afzali H, Gholami O, Zare S, Nasiry D,
Khodaverdi Darian E, Rustamzadeh A, Alavi S, Ahmadi R. Promotion of
cutaneous diabetic wound healing by subcutaneous administration of


https://doi.org/10.1186/s12906-022-03735-6
https://doi.org/10.1186/s12906-022-03735-6

Nasiry et al. BMC Complementary Medicine and Therapies

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

(2022) 22:255

Wharton's jelly mesenchymal stem cells derived from umbilical cord. Arch
Dermatol Res. 2022:1-13.

Nasiry D, Khalatbary AR, Abdollahifar M-A, Amini A, Bayat M, Noori A,
Piryaei A. Engraftment of bioengineered three-dimensional scaffold from
human amniotic membrane-derived extracellular matrix accelerates
ischemic diabetic wound healing. Arch Dermatol Res. 2020:1-16.

. lzanlu M, Khalatbary A, Aliabadi A, Davoodi S, Raoofi A, Modanloo F,

Nasiry D. Synergistic Effect of Hyperbaric Oxygen and Decellularized
Human Amniotic Membrane on Full-Thickness Diabetic Wound Healing
in Rats. J Mazandaran Univ Med Sci. 2022:32(208):1-15.

Gadelkarim M, Abushouk Al, Ghanem E, Hamaad AM, Saad AM,
Abdel-Daim MM. Adipose-derived stem cells: effectiveness and
advances in delivery in diabetic wound healing. Biomed Pharmacother.
2018;107:625-33.

Nasiry D, Khalatbary AR, Abdollahifar M-A, Bayat M, Amini A, Ashtiani MK,
Rajabi S, Noori A, Piryaei A. SDF-1a loaded bioengineered human amni-
otic membrane-derived scaffold transplantation in combination with
hyperbaric oxygen improved diabetic wound healing. J Biosci Bioeng.
2022;133(5):489-501.

Ibrahim NI, Wong SK, Mohamed IN, Mohamed N, Chin K-Y, Ima-Nirwana
S, Shuid AN. Wound healing properties of selected natural products. Int J
Environ Res Public Health. 2018;15(11):2360.

Radwan H, Hasan H, Hamadeh R, Hashim M, AbdulWahid Z, Hassanzadeh
Gerashi M, Al Hilali M, Naja F. Complementary and alternative medicine
use among patients with type 2 diabetes living in the United Arab Emir-
ates. BMC Complement Med Ther. 2020;20(1):1-12.

Welz AN, Emberger-Klein A, Menrad K. Why people use herbal medicine:
insights from a focus-group study in Germany. BMC Complement Altern
Med. 2018;18(1):1-9.

Khan MSA, Ahmad I. Herbal medicine: current trends and future pros-
pects. In: New look to phytomedicine. edn.: Elsevier; 2019. pp. 3-13.
Daemi A, Farahpour MR, Oryan A, Karimzadeh S, Tajer E. Topical adminis-
tration of hydroethanolic extract of Lawsonia inermis (henna) accelerates
excisional wound healing process by reducing tissue inflammation and
amplifying glucose uptake. Kaohsiung J Med Sci. 2019;35(1):24-32.

Haji Sharifi A. Walnut tree. In secrets of herbal medicine. Tehran: Noskh-e-
Shafa; Hafez Novin Press; 2003.

Mirheidar H. Walnut tree, vol. 1. Tehran: Ganjinaeh Asrar; 2007.

Rabiei K, Ebrahimzadeh MA, Saeedi M, Bahar A, Akha O, Kashi Z. Effects
of a hydroalcoholic extract of Juglans regia (walnut) leaves on blood
glucose and major cardiovascular risk factors in type 2 diabetic patients:
a double-blind, placebo-controlled clinical trial. BMC Complement Altern
Med. 2018;18(1):1-7.

Pereira JA, Oliveira |, Sousa A, Ferreira IC, Bento A, Estevinho L. Bioactive
properties and chemical composition of six walnut (Juglans regia L.) culti-
vars. Food Chem Toxicol. 2008:46(6):2103-11.

Zhao M-H, Jiang Z-T, Liu T, Li R. Flavonoids in Juglans regia L. leaves and
evaluation of in vitro antioxidant activity via intracellular and chemical
methods. Scientific World J. 2014;2014:303878.

Hosseini S, Huseini HF, Larijani B, Mohammad K, Najmizadeh A, Nourijely-
ani K, Jamshidi L. The hypoglycemic effect of Juglans regia leaves aque-
ous extract in diabetic patients: a first human trial. DARU. 2014;22(1):1-5.
Hosseini S, Jamshidi L, Mehrzadi S, Mohammad K, Najmizadeh AR,
Alimoradi H, Huseini HF. Effects of Juglans regia L. leaf extract on hyper-
glycemia and lipid profiles in type two diabetic patients: a randomized
double-blind, placebo-controlled clinical trial. J Ethnopharmacol.
2014;152(3):451-6.

Nasiry D, Ahmadvand H, Amiri FT, Akbari E. Protective effects of
methanolic extract of Juglans regia L. leaf on streptozotocin-induced
diabetic peripheral neuropathy in rats. BMC Complement Alter Med.
2017,17(1):1=11.

Nasiry D, Khalatbary AR, Ahmadvand H, Amiri FT. Juglans regia L. leaf
extract attenuates diabetic nephropathy progression in experimental
diabetes: an immunohistochemical study. Iran J Med Sci. 2019;44(1):44.
Nasiry D, Khalatbary AR, Ahmadvand H. Therapeutic potential of Juglans
regia L. leaf extract against diabetic retinopathy in rat. Iran J Med Sci.
2017,20(11):1275.

Nasiry D, Khalatbary AR, Ahmadvand H, TalebpourAmiri FB. Effects of
Juglans regia L. leaf extract supplementation on testicular functions in
diabetic rats. Biotech Histochem. 2021;96(1):41-7.

Page 12 of 12

30. Milan PB, Lotfibakhshaiesh N, Joghataie M, Ai J, Pazouki A, Kaplan D,
Kargozar S, Amini N, Hamblin M, Mozafari M. Accelerated wound healing
in a diabetic rat model using decellularized dermal matrix and human
umbilical cord perivascular cells. Acta Biomater. 2016;45:234-46.

31. Alsarayreh AZa, Attalah Oran S, Shakhanbeh JM. In vitro and in vivo
wound healing activities of Globularia arabica leaf methanolic extract in
diabetic rats. J Cosmet Dermatol. 2022. https://onlinelibrary.wiley.com/
doi/10.1111/jocd.14882.

Howard V, Reed M. Unbiased stereology: three-dimensional measure-
ment in microscopy. London: Garland Science; 2004.

Ahmadi F, Zargari M, Nasiry D, Khalatbary AR. Synergistic neuroprotective
effects of hyperbaric oxygen and methylprednisolone following contu-
sive spinal cord injury in rat. J Spinal Cord Med. 2021:1-10.

Khoshsirat S, Abbaszadeh HA, Khoramgah MS, Darabi S, MansouriV,
Ahmady-Roozbahany N, Ahrabi B, Bahrami M, Vafaee S, Tahmasebinia

F. Protective effect of photobiomodulation therapy and bone marrow
stromal stem cells conditioned media on pheochromocytoma cell line 12
against oxidative stress induced by hydrogen peroxide. J Lasers Med Sci.
2019;10(3):163.

Han G, Ceilley R. Chronic wound healing: a review of current manage-
ment and treatments. Adv Ther. 2017,34(3):599-610.

Siqueira MF, Li J, Chehab L, Desta T, Chino T, Krothpali N, Behl Y, Alikhani
M, Yang J. Impaired wound healing in mouse models of diabetes is medi-
ated by TNF-a dysregulation and associated with enhanced activation of
forkhead box O1 (FOXO?1). Diabetologia. 2010;53:378-88.

Qian LW, Fourcaudot AB, Yamane K, You T, Chan RK, Leung KP. Exacer-
bated and prolonged inflammation impairs wound healing and increases
scarring. Wound repair and regeneration. 2016;24(1):26-34.

zadeh Gharaboghaz MN, Farahpour MR, Saghaie S. Topical co-adminis-
tration of Teucrium polium hydroethanolic extract and Aloe vera gel trig-
gered wound healing by accelerating cell proliferation in diabetic mouse
model. Biomed Pharmacother. 2020;127:110189.

Desmouliere A, Geinoz A, Gabbiani F, Gabbiani G. Transforming growth
factor-beta 1 induces alpha-smooth muscle actin expression in granula-
tion tissue myofibroblasts and in quiescent and growing cultured
fibroblasts. J Cell Biol. 1993;122(1):103-11.

Seyed Sharifi SH, Nasiry D, Mahmoudi F, Etezadpour M, Ebrahimzadeh
MA. Evaluation of Sambucus ebulus Fruit Extract in Full-Thickness
Diabetic Wound Healing in Rats. J Mazandaran Univ Med Sci.
2021;31(200):11-25.

41. Martin P, Nunan R. Cellular and molecular mechanisms of repair in acute
and chronic wound healing. Br J Dermatol. 2015;173(2):370-8.

Izadi K, Ganchi P. Chronic wounds. Clin Plast Surg. 2005;32(2):209-22.

Bao P, Kodra A, Tomic-Canic M, Golinko MS, Ehrlich HP, Brem H. The role
of vascular endothelial growth factor in wound healing. J Surg Res.
2009;153(2):347-58.

Nasiry D, Khalatbary AR, Ebrahimzadeh MA. Anti-inflammatory and
wound-healing potential of golden chanterelle mushroom, Cantharellus
cibarius (Agaricomycetes). Int J Med Mushrooms. 2017;19(10):893-903.
Galiano RD, Michaels JV, Dobryansky M, Levine JP, Gurtner GC. Quantita-
tive and reproducible murine model of excisional wound healing. Wound
Repair Regen. 2004;12(4):485-92.

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.
43.

44,

45.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://onlinelibrary.wiley.com/doi/10.1111/jocd.14882
https://onlinelibrary.wiley.com/doi/10.1111/jocd.14882

	Topical administration of Juglans regia L. leaf extract accelerates diabetic wound healing
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Plant material and preparation of plant extract
	Animals and experimental design
	Wound model
	Histological and stereological assessments
	The volumes of the newly formed epidermis and dermis
	Density of cells
	Density of blood vessels

	Immunohistochemistry
	qRT-PCR
	Wound strength assessment
	Statistical analysis

	Results
	Wound closure rate
	Stereological parameters
	Volume of newly formed epidermis and dermis
	Density of cells and blood vessels

	Collagen density in the new dermis
	Proliferation of cells in the new dermis
	qRT-PCR gene expression
	Biomechanical characterizes

	Discussion
	Conclusion
	Acknowledgements
	References


