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Introduction

Abstract

Introduction: Photobiomodulation treatment (PBMT) is a relatively invasive method for treating
wounds. An appropriate type of PBMT can produce desired and directed cellular and molecular
processes. The aim of this study was to investigate the impacts of PBMT on stereological factors,
bacterial count, and the expression of microRNA-21 and FGF2 in an infected, ischemic, and delayed
wound healing model in rats with type one diabetes mellitus.

Methods: A delayed, ischemic, and infected wound was produced on the back skin of all 24 DMT1
rats. Then, they were put into 4 groups at random (n=6 per group): 1 =Control group day4 (CG
2=Control group day 8 (CG,, ,); 3=PBMT group day4 (PG, ,), in which the rats were exposed to
PBMT and killed on day 4; 4=PBMT group day8 (PG, ), in which the rats received PBMT and
they were killed on day 8. The size of the wound, the number of microbial colonies, stereological
parameters, and the expression of microRNA-21 and FGF2 were all assessed in this study throughout
the inflammation (day 4) and proliferation (day 8) stages of wound healing.

Results: On days 4 and 8, we discovered that the PG, , and PG, groups significantly improved
stereological parameters in comparison with the same CG groups. In terms of ulcer area size and
microbiological counts, the PG, , and PG, , groups performed much better than the same CG
groups. Simultaneously, the biomechanical findings in the PG,,, and PG, groups were much
more extensive than those in the same CG groups. On days 4 and 8, the expression of FGF2 and
microRNA-21 was more in all PG groups than in the CG groups (P<0.01).

Conclusion: PBMT significantly speeds up the repair of ischemic and MARS-infected wounds in
DMT1 rats by lowering microbial counts and modifying stereological parameters, microRNA-21, and
FGF2 expression.
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chronic infection, decreased recruitment of endothelial

Type 1 diabetes (DM1) is a chronic situation affected
by the inability of the pancreas to produce enough
insulin.' In 2017, 451 million individuals worldwide
were diagnosed with diabetes. By 2045, the number
of DM1 people is predicted to reach 693 million. One
of the most critical issues confronting DM1 patients
is an increased risk of diabetic foot ulcers (DFUs).
DFUs are caused by the interaction of various relevant
elements. Infection, ischemia, and neuropathy are the
three primary pathogenic causes that lead to diabetic
foot complications. Some evidence shows lower
limb amputation occurs in about 75 to 85% of cases
following foot ulcers, which are usually associated with

progenitor cells (EPCs), reduced angiogenesis, declined
migration and proliferation of skin cells like fibroblasts
and keratinocytes, and increases in inflammatory cells.>*

The parenchyma around the wound, which includes
fibroblasts, myofibroblasts, inflammatory cells, new
blood vessels, regenerated neurons, and other cells, is
harmed in diabetes wounds.* In reaction to tissue injury,
fibroblast, endothelial, and macrophage cells, in particular
endothelial cells, release basic fibroblast growth factor
(bFGF) which is crucial for promoting wound healing.>

Numerous studies have shown that fibroblast growth
factor 2 (FGF2) can speed up the repair of diabetic ulcers
and has a lot of promise as a therapy for diabetic ulcers.>
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bFGF, also identified as FGF2, promotes endothelial cell
proliferation and angiogenesis while inhibiting cell death.

Numerous cellular processes, containing cell
specification, proliferation, migration, differentiation,
and survival, are regulated by FGF and microRNAs
(miRNAs) signaling” miRNAs are non-coding RNAs
that adjust gene expression. Recent data show that
miRNAs have a central role in both the normal healing
and development of long-term ulcers like DFUs.?

MicroRNA-21, one of the first mammalian miRNAs
recognized, has been found to be involved in a variety
of biological processes. Growing documents propose
that MicroRNA-21 has an important role in cutaneous
damage and skin wound recovery by forming a network
with its target genes and signaling pathways.”"* The
therapy efficacy provided by miR-21 may be attributed
to an increase in fibroblast differentiation, angiogenesis
expansion, anti-inflammatory effects, collagen synthesis
enhancement, and wound re-epithelialization. Xie et al
discovered that miRNA-21 inhibits inflammation and
promotes wound healing via modulating the expression of
NF-kB through PDCD4 and FGE.” However, the amount
of MiR-21 expression was much lower in diabetic injuries.
Reduced levels of miR-21 are likewise linked to increased
levels of its target gene expression.’*** Because of this,
raising the amount of miRNA-21 in damaged tissue can
reduce inflammatory signals and boost healing.'*'¢

The method of photobiomodulation treatment (PBMT)
has long been applied to improve local circulation. PBMT
increases ulcer repair by modulating the production of
vascular endothelial growth factor (VEGF) and triggering
angiogenesis, HIF-1a expression, and MMP-2 activity.
718 PBMT improves ischemic tissue' and accelerates
the repair of a wound. Today, the PBMT technique is
increasingly applied to some wounds and in incurable
wound treatments.?*

Over 100 identified chemicals are involved in the
aberrant healing of skin injury in diabetics.”® The use
of appropriate agents and biomodulators seems to be
helpful in the management of incurable ulcers.*

In previous studies of our group, the positive impact
of PBMT on the inflammatory and prolative steps of
wound repair in healthy and diabetic rats was reported
using stereological, biomechanical, and gene expression
levels of some related genes in wound repair. However, in
these studies, the role of miRNAs and their relationships
was not investigated.”*” Thus, we tried to investigate
the effects of PBMT administration on the stereological
parameters, expression of microRNA-21, FGF2, bacterial
count, and wound size in an infected, ischemic, and
delayed wound repairing model in a DM1 rat.

Materials and Methods
Study Design
Twenty-four 3-month-old male rats were allocated

into four groups at random (n=6 for each group). An
ischemic, delayed, and MARS-infected wound model was
generated in all DM1 experimental animals. Experimental
rats were arbitrarily allocated into 4 groups, including CG
day 4 scday s = CONtrol groups; PG the animals in this group
were exposed to PBMT and killed on day 4; PG, the
animals in this group received PBMT and were killed on
day 8. In this study, the level of the wound area, microbial
colony counts, stereological examination, and expression
of FGF2 and miR-21 were evaluated in the inflammation
phase (day 4) and in the proliferation phase (day 8),
respectively.

DM!1 Induction

After a 12-hour fast, DM1 was created with an IP
prescription of streptozotocin (STZ) (40 mg/kg).® A
glucometer was used to perform a blood glucose test on
tail-vein blood 8 days after the STZ prescription. Dml
rats had fasting blood glucose levels that surpassed 250
mg/dL (13.9 mmol). Water consumption and weight
were tracked throughout the research, and fasting
blood glucose levels were measured again on the day of
euthanasia to confirm diabetic status. To confirm DM1
induction, we kept all rats with DM1 for one month.**

Clinical Tests
Throughout the test, the DM1 rats’ blood glucose and
body weight were checked.

Surgery

Here, 50 mg/kg of ketamine and 5 mg/kg of xylazine
were used to anesthetize the rats. All treated rats received
ceftriaxone at a dose of 50 mg/kg before the operation
and for 24 and 48 hours post-operation, respectively. A
dorsal, bi-pedicle skin flap with a dimension of 10 3.5 cm
was produced in the back skin of all animals. Then, a 12
mm full-thickness excisional round ulcer was created in
the medial point of the flap through a biopsy punch. With
a 0.4 silk skin holder, a round piece of silicone was sutured
around the skin lesion. Here, 20 mg/kg of ibuprofen was
injected into all the experimental rats every 8-12 hours
before and 5 days after surgery (Figure 1).

Injection of MRSA Into the Ulcer Area and
Microbiological Test

In this preclinical study, the MRSA strain (ATCC 25923)
was used. This technique has been reported in earlier
studies. Briefly, a colony of MRSA with a concentration of
2x10% at 1 cc was prepared. A 100-L aliquot of it (2x 107
MRSA) was injected locally into all ulcers following
surgery. For microbiological tests, some microbiological
samples were gathered from inured areas on days 0,
4t and 8™, respectively. Then the bacterial colony was
counted as the number of bacteria per sample (CFUs).%!
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Wound Area PBM

Round Ring
of Silicone

Parameters Dose and Unit
Peak power W

Average power 0.001 W

Power density 0.001 W/em?
Wavelength 890+ 10 nm

Pulse frequency 80 Hz

Duration of pulse 180 ns

Spot size 1 cm?

Diameter of the spot 112 em

Time of each exposure 200s

Number of exposures per session 9

Energy density of one exposure 0.2 Jem?

Total energy per session 1.8 Jem2

Total energy of 4 and 8 sessions 9, and 16.2 J/em?
Model MUSTANG 2000, Technica
B Co., Russial.07

Figure 1. (A) Photograph of the wound area and laser radiation location (photobiomodulation) in the rat. (B) The dose and unit of the used photobiomodulation

parameters

Photobiomodulation

Ulcers in groups 3 (GP day4) and 4 (PG de“/8) were radiated
with PBMT (Mustang 2000, LO7 Pen, Technica Co.,
Russia, Table 1) instantly after surgery and followed for 4
and 8 days, respectively (Figure 1).

Wound Area Measurement

In this study, a digital camera was used to photograph the
wound site on days 0, 4, and 8. The size of the wounds
(mm?) was then measured using Image J-NIH (USA) and
compared with day zero.*

Wound Strength Examination

On day 8, a sample with a 50*5 mm dimension was taken
from each wound location and put in a material testing
machine. 10 mm/min was the rate of deformation. The
maximal force (N) and stress high load (N/cm?) of the
samples were estimated from the load-deformation
curve.’

Histological and Stereological Analysis

The tissue samples obtained from each skin wound area
were transferred into formalin saline for fixation. The
collected samples were then paraffin blocked, and paraftin
slices (5 m thick) were set for hematoxylin and eosin
(H& E) staining. Lastly, 10 parts were chosen at random
for stereological investigation. In this investigation,
the physical dissector technique was set to estimate the
number of macrophages, neutrophils, fibroblasts, and
blood vessels in each rat. The systematic random sampling
approach was used to choose 10 random paraffin slices
from each rat. Four random fields were tallied in each
segment. The raw data acquired were computed using the
formulas shown below.

Table 1. Primer Sequences of the Studied Genes

TARGET Gene Primers Primer Sequences Tm

F GACCCACACGTCAAACTACA 57.77
FGF2

R GCCGTCCATCTTCCTTCATAG 58.24

F ATCTGACATGCCGCCTGGAG 61.40
GAPDH

R AAGGTTGGAAGAATGGGAGTTGC  60.25

TAGCTTATCAGACTGATG 62.10

microRNA-21

PROB  TGGTGTCGTGGAGTCG 59.14

F TCCGATCGTGAAGCGTTC 64.40
RNU6

PROB ~ GTGCAGGGTCCGAGGT 63.05

Abbreviations: FGF2, fibroblast growth factor 2; GAPDH, glyceraldehyde
3-phosphate dehydrogenase; RNU6, RNA, U6 small nuclear 2.

Numerical Density (Nv) =2Q/ (hxa/fx Xp):

Where XQ=the numeral of cells; h=dissector height;
a/f=all the area of the counted frames; and XP = the total
number of counting frames.

Number of blood vessels =2XQ/ (ZP x a/f)

Where XQ=all vessel numbers counted per each
wound. The blood vessel counts were considered a
marker for angiogenesis.

The serial slices were delivered and evaluated with a
100x objective lens for wound area cell counting.?>26333

RNA Extraction and qRT-PCR Detection of miR-21
Expression Level

First, skin wound samples were harvested from the skin
wound areas of all studied rats, and then total RNA
from these skin samples was extracted using TRIzol
(Invitrogen, Carlsbad, CA). The harvested total mRNA
was estimated for purity by a 2100 Bioanalyzer (Agilent
Technologies, Inc., Santa Clara, CA) at the ratio of
absorbance 260/280 nm and then kept in a nitrogen tank
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at—80. The purified total mMRNAs were reverse transcribed
by cDNA reverse transcription kits (Applied Biosystems,
Carlsbad, CA). After pre-amplification, the expression
level of the studied genes was evaluated by SYBR green
and qRT-PCR on a Step One™ thermal cycler (Applied
Biosystems). GAPDH (a housekeeping gene) and RNU6b
(RNA, U6 small nuclear 2) were applied as house kipping
genes respectively.'"""® Table 1 replicates the primer lists
for the GAPDH and FGF2, microRNA21, and RNUG6b.
Based on the pairwise fixed reallocation randomization
test, the REST 2009 software was applied to estimate the
level of gene expression in the rats studied. The obtained
data were compared by the AACT method."

Statistical Analysis

The obtained data were compared using SPSS 24, and the
harvested data were displayed as the mean and standard
deviation (SD). In this preclinical study, the independent
samples ¢ test was used to assess the data obtained from
body weight measurement, microbiological testing,
wound strength tests, and wound area size. In this case,
statistical significance was defined as considerably less
than 0.05.

To determine the sample size, we used Cochran’s
sample size method. For this purpose, Cochran’s table
with a 5% significance level and 80% test power was used
for one-way analysis and LSD tests. We conservatively
selected six sample sizes for each experimental group.

Results
Clinical Observations
Clinical data revealed that all of the rats had DMI.
Following STZ therapy, we noticed an important growth in
blood sugar levels as well as a fall in body weight (Table 2).
Our independent samples ¢ test data displayed that the
body weight of rats was significantly superior in the PG
and PG, groups (P=0.005) than in the CG group.
Blood sugar levels in the PG groups improved
significantly more than those in the CG groups. This
blood sugar decrease was more in the PG, . group than
in the CG group.

day4

Microbial Findings

Our microbial study showed that the level of CFU on day
4 was considerably lesser in the PG, group (P=0.000)
than in the CG, , group. On day 8, the changes in the
count of CUF were also shown in the group of PG,
compared with the CG,_ group (P=0.000; Figure 2).

Wound Area Measurement

On day 4, the wound area size was meaningfully smaller in
the PG, , groups (P=0.001) thanin the CG,_, groups. On
day 8, there was also a statistically significant alteration in
the ulcer area between the PG and CG groups (P=0.000;
Figure 3).

Table 2. The Blood Sugar and Body Weight of the Studied Groups

Groups
Factors
CG PG
First blood sugar (mg/dL) 355.02+52.3 333.1x73
Final blood sugar (mg/dL) 4143 +£63.74** 282.5+44.1
First body weight (g) 310.4+12.6 301.57+12.2
Final body weight (g) 265.75+15.95% 285.80+14.17

Abbreviations: CG, Control group; PG, Photobiomodulation group.
Data were evaluated and compared by the student t test. ** P<0.01 and *
P<0.05.

Methicillin-Resistant
Staphylococcus Aureus (MRSA)

~ 5000
=
-
o0
=
E
—
S
=
2
=
=]
o
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CGuy PGy CGays PG
Day 4 Day 8

Figure 2. The Number of Colony-Forming Units in the GP and CP Groups
on the 4th and 8th Days. The independent-samples t-test was used to
assess the data. *P<0.05; **P<0.01; *** P<0.001. Abbreviations: CG,
Control group; PG, Photobiomodulation group

Wound Closure Rate

CGuas

PG dayd
Day 4 Day 8

C G day8 PG day8

Figure 3. The Size of the Wound Area in the Studied Groups on Days 4 and
8. The data were analyzed by the independent samples t test. **P<0.01;
*** P<0.001. Abbreviations: CG, Control group; PG, Photobiomodulation

group

Stereological Findings
Figures 4-6 show all stereological findings among the
control and PBMT groups on days 4 and 8.

In terms of the stereological study, there were better
stereological results in the PG groups than in the
CG groups on both days 4 and 8. We showed better
stereological results in PG, . treatments compared to
PG,,,(P<0.05).

Fibroblasts Count
Figure 5, panel A, depicts all fibroblast findings on days 4
and 8 in the experimental groups. On both days 4 and 8,
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Figure 4. Hematoxylin and Eosin-Stained (H&E) Photographs of Repairing Tissues in All the Studied Groups on Days 4 and 8 After Surgery. Abbreviations:

CG, Control group; PG, Photobiomodulation group

Fibroblast

3000
2500
2000
1500
1000
500

Cell Number (mm?)

CGday4 PGday4
Day 4

Blood vessels

CGaays PGaays
Day8

>

1.5

(mm?)

0.5

Blood Vessel Number

CGdays PGdays
Day8

CGday4 PGday4
B Day 4

Figure 5. A Comparison of the Wounds’ Neutrophil (A) and Macrophage
(B) Levels on Days 4 and 8. The independent-samples t-test was used to
examine the results, which were shown as mean+SD. *P<0.05; **P<0.01;
#** P<0.001. Abbreviations: CG, Control group; PG, Photobiomodulation

group

there were more fibroblasts in PG dayt (P=0.03) and PG dayt
(P=0.000) groups than in the CG groups. The numerical
density of fibroblast cells in the PG, . groups was upper
than that in the PG,_, group (P=0.000; Figure 5).

Neutrophil
5000
< *
£ 4000
£ 3000
-
£ 2000
Z.
= 1000
S

o

CGday4 PGday4

CGdays PGdayS
Day 4 Day8

>

Macrophage
2000

=
[
[=}
o

1000

Cell Number (mm?)
(%
(=]
o

CGday4 PGd,y4 CGdays PGda_vS
B Day 4 Day8

Figure 6. A Comparison of Neutrophil (A) and Macrophage (B) Counts of
the Wounds in the Studied Groups on Days 4 and 8. The independent-
samples t-test was used to examine the results, which were shown as
mean+SD. *P<0.05; **P<0.01; *** P<0.001. Abbreviations: CG, Control
group; PG, Photobiomodulation group

Angiogenesis

Figure 5, panel B, shows all findings of angiogenesis in all
groups on days 4 and 8. We showed that PG, treatments
resulted in more angiogenesis than CG, , (P=0.003).
Concurrently, the blood vessel count in the PG, group
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was greater than that in the PG, group (P=0.006).

Neutrophils Count

There were lower neutrophils in PG dapd (P=0.024) and
PG, , (P=0.000) groups than in the similar CG groups.
Concurrently, we found fewer neutrophils in PG,
treatments compared to PG a7 (P=0.028) (Figure 6, panel B).
Macrophage Counts

Figure 6, panel B, shows there were lower macrophages in
almost all PG groups than in the CG group (P=0.022 for
PG, , P=0.001for PG, ). On day 8, we discovered that
the PG, , treatment had significantly more macrophages
than the PG dayt regimens (P=0.001).

The Expression Level of FGF2

On day 4, there were advanced levels of FGF2 in the
PG, , group compared to the CG days 8TOUP (P=0.002).
On day 8, we found that the PGday8 group had higher
levels of FGF2 than the CGday8 group (P=0.005). There
were greater levels of FGF2 in the PG,  group than in the
PG, , group (P=0.001) (Figure 7, panel A).

The Gene Expression Level of miR-21

All findings of the gene expression level of miR-21 in the

wound bed on days 4 and 8 are shown in Figure 7 (panel B).
On day 4, there were greater levels of miR-21 in the

PG, ,group than in the CG, , group (P=0.003). On day

8, the results of the PG, , group were greater than the

FGF 2

*%k%*

N

*%*

Fold Change
[y
[T

ot
«n

0
CGday4 PGday4 CGdays PGda_vS
A Day 4 Day8
1% microRNA21 ke
1

*%*

Fold Change

CGday4 PGday4
Day 4 Day8

CGda_vs PGdays

=

Figure 7. A Comparison of FGF2 (A) and miR-21 (B) Levels in the Injured
Sites of the Studied Groups on Days 4 and 8. The data were reported as
mean standard deviation and analyzed using the independent-samples
t test. **P<0.01; *** P<0.001. Abbreviations: CG, Control group; PG,
Photobiomodulation group

CG dayt (P=0.000). The finding of the PG dayt improved in
comparison with the PG days OIE (P=0.045).

Discussion

The aim of this study was to measure the therapeutic
influences of PBMT on stereological parameters,
microRNA-21 expression, FGF2, ulcer size, and bacterial
count in an infected, delayed, and ischemic wound
repairing DM1 rat model. In summary, our findings
showed that treatment regimens (PBM dayt and PBM days)
considerably reduced the microbial flora counts,
improved the wound closure rate, and increased the
expression of microRNA-21 and FGF2.

We also found that stereological parameters in the
PBM, , group were significantly more dominant than
those in the other groups.

Today, a range of techniques have been advanced to
enhance wound healing.

One of the effective techniques in medical settings and
wound repair is photobiomodulation (PBM). Luckily,
PBMT has been used effectively to accelerate injury repair
in some non-diabetic preclinical models of ischemic
tissue by increasing local blood flow and creating novel
blood vessels in the ulcer environment."

PBM is a method using lasers and/or light-emitting
diodes (LEDs) to reduce inflammation and improve
tissue repair.”> PBMT triggers cells to create upper energy
and to experience self-renovation by applying visible red,
green, and invisible near-infrared radiation.*® PBMT can
enhance ADS function, proliferation, migration, and
differentiation.’””*® Similar to these findings, we found
that the application of a suitable mitogenic and anti-
inflammatory agent, such as PBMT, improved the healing
abilities of ulcers in the DM1 model of MARS ischemic
and infected chronic wounds.

In this study, we also showed that the wound area was
reduced by the use of PBMT, which was confirmed by an
increase in the wound closure rate.

Interestingly, the induction of a bactericidal effect in
the wound area was specifically enhanced by PBMT,
accompanied by improved wound strength. Taken
together, our findings indicate the application of
PMBT, as an anti-inflammatory agent and cost-effective
drug, could be helpful in PBM-based therapy in DFU
treatments.

It has been proven that bacterial infections are the main
causative factors in wound healing impairments.*® The
widespread strain of staphylococcal, MRSA, is responsible
for several wound infections and is identified to quickly
advance resistance towards generally injected antibiotics.
As a result, the increase and adaptation of MARS in the
DFU area® have resulted in a growth in the unrepairable
staphylococcal infection spectrum.** Therefore, there is
an urgent need for some novel approaches to overcome
MRSA infections and antimicrobial resistance.”” In
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this experiment, we specifically intended to assess the
antibacterial impacts of PBMT* because they have been
shown to have antibacterial effects in animal models.

In this study, we showed that the use of PBMT can
significantly decrease the microbial count compared to
control groups. In line with these findings, Lipovsky et al,
in a laboratory experiment, showed that PBMT (30, 60,
120 J/cm?, 100 mW, and 415 nm) inhibits Staphylococcus
aureus effects by ROS generation.* These antibacterial
impacts of PBMT treatment may be attributed to the
stimulation of ROS by PBMT. Kouhkheil et al examined
the impacts of PBMT (890 nm, 0.2 J/cm? 80 Hz) and
human bone marrow mesenchymal stem cell conditioned
medium (CM-hBMMSC) (4 injections) alone and
together on the wound strength and CFU of an MRSA-
infected wound model in DM1 rats.

Kouhkheil et al found that CM-hBMMSC and PBMT
alone or together significantly decreased the CFUs in
comparison to the control group.

In the study directed by Fridoni et al, the single and
combined impacts of CM hBMMSC and PBMT on the
stereological parameters were evaluated in an MRSA-
infected wound model in rats with DM1. They concluded
that the concomitant use of PBMT and CM-hBMMSC
had anti-inflammatory and neo-vascular effects and
accelerated the healing of skin damage in the MARS-
infected wound model in DM1 rats.* DFUs are described
as being stuck in a persistent inflammatory state
characterized by the accumulation of pro-inflammatory
cytokines as well as inflammatory cells and proteases.
Accordingly, in the current study, the improved numbers
of neutrophils and macrophages were detected in the
control group on days 4 and 8.

Kim et al reported that the regular transmissions
from the inflammation stage to the tissue restoration
phase for the renewal of ECM are particularly critical for
repairing damaged tissue. In addition, they showed that
endothelial and fibroblast cells are the key cells involved
in the remodeling of the ECM and angiogenesis for
proper wound closure.*® In line with Kim and colleagues’
conclusion, in cases of fibroblasts and angiogenesis, our
results showed that all experimental groups revealed
significantly more blood vessels and fibroblast cell counts
than the control group.

Overall, the use of PBMT (PG day4&8) presented the best
significant results in increasing fibroblasts and blood
vessels compared to control groups.

In this study, we found that PBMT can improve
stereological parameters as well as FGF2 levels in the
ECM during the proliferative and inflammatory phases of
the injury-repairing process in TIDM rats. Concurrently,
the results of the stereological and FGF2 examinations in
the PG, . group were significantly superior to those in
the PG, , group.

FGF2 encourages endothelial cell proliferation and

angiogenesis while preventing endothelial cells from

dying. Cell specification, proliferation, migration,
differentiation, and survival are all controlled by FGF and
miRNA signalling.”

One of our study’s distinctive findings is the amount
of miR-21 and FGF2 gene expression. Although the
findings of gene miR-21 gene expression level in PBMT
groups were greater than the control one during the
proliferative stage, the data of the PG, .~ group were
considerably higher than the other groups. As a result,
our data show that our experimental groups, particularly
the PG, group, performed well. Increased expression
of miR-21 increases the proliferative response, decreases
the inflammatory reaction, and increases wound repair.*’
Liechty et al reported that miR-21 is complicated in the
control of inflammation. Abnormal secretion of miR-
21 may clarify the unusual inflammation and insistent
polarization of macrophages shown in diabetic wounds."
Wu et al showed that MiR-21-3p improved the function
of fibroblasts and enhanced wound repairing in vivo by
directly targeting protein sprout homolog 1 (SPRY1).
They concluded that miR-21-3p may improve DFUs by
decreasing SPRY1."

Treatment with PBMT increases fibroblast numbersand
FGF2 expression decreases inflammation in the wound
bed and allows the ischemic and delayed wound healing
model (IDHWM) to progress to the remodeling and
proliferative stages of wound repairing. This is supported
by our results from current and previous studies. PBMT
not only demonstrates a statistically significant rise in
granulation tissue (new dermal volume) formation at the
proliferative stage of wound repairing in the treatment
groups but also improves the tensile strength and wound
closure rate at the remodeling phase.”® According to the
results of our control group, there are pieces of evidence
to propose that there is abnormal regulation of the
inflammatory and proliferative phases as well, which
can be seen in diabetic skin as increased neutrophil and
macrophage counts and decreased values of miR-21 and
FGF2 in the wound bed.**' According to our research,
the lesser expression of miR-21 and FGF2 in the control
group, which was increased by PBMT therapies, may be
connected to the intrinsic dysregulation of inflammation,
proliferation, and remodeling in this group. According to
these findings, several pertinent studies have shown that
miR-21 is crucial for the healing of wounds by forming
a complex with its target genes (such as RECK, PTEN,
SPRY 1/2, TIMP3, and NF(B)) and cascaded signaling
pathways (such as ERK/MAPK, Akt/PI3K, catenin/Wnt
/MMP-7, and TGF- Smad2/3-Smad7).

The stimulation of fibroblast differentiation,
enhancement of new vessel formation, anti-inflammatory
effects, augmentation of collagen production, and re-
epithelialization of the injury may all be linked to miR-21’s
therapy efficacy.>! Jie Xie et al reported that miRNA-21
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exerts anti-inflammatory activities and ameliorates
injury repairing by controlling the expression of NF-B by
PDCD4.°

However, the level of MiR-21 expression significantly
declined in diabetic injuries.”**** Reduced levels of miR-
21 also have a close relationship with the amplified
expression level of its target gene. Therefore, increasing
the level of miRNA-21 in damaged tissue can reduce
inflammatory signals and improve healing.*

There are some limitations to this experimental
investigation. The main limitations included the lack
of immunohistochemistry data, associated genes and
proteins, and biochemical factors implicated in skin
wound healing such as oxidative stress and/or nitric
oxide generation pathways which were due to budget
restrictions.>

Another limitation was the use of only one micro-
RNA due to budget restrictions. While many microRNAs
are involved in the regulation of the wound healing
process in the current study we studied only the effect
of microRNA-21 on wound healing under the influence
of PBM, which could be considered a limitation for the
current study.

Furthermore, several other factors that were not
examined in this study might be the reason of delayed
healing. The study’s limited number of rats in each group
might potentially be viewed as a potential weakness.

Conclusion

PBMT significantly improved injury repair in
TIDM1 rats by lowering microbial counts, decreasing
inflammatory cells like neutrophils and macrophages
in the inflammatory phase, and increasing stereological
parameters like fibroblast cells and blood vessels, as well
as modifying microRNA-21 and FGF2 expression in
the prolative phase. In terms of ulcer area size and body
weight and blood glucose, the PBMT treatment groups
were better than the control groups. As a result, PBMT
treatment provides effective therapeutic results due to
its moderating effects on the anti-inflammatory and
proliferative characteristics of wounds.
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