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Photobiomodulation therapy was more effective than
photobiomodulation plus arginine on accelerating wound healing
in an animal model of delayed healing wound
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Abstract
The combined and individual influences of photobiomodulation therapy (PBMT) and arginine on wound strength, stereological
parameters, and gene expressions of some related growth factors in ischemic and delayed healing wounds in rats were analyzed.
We divided 108 rats into six groups: control, lower energy density (LOW)-PBMT, 2% arginine ointment (Arg 2%), LOW-PBMT
+ Arg 2%, high energy density (HIGH)-PBMT, and HIGH-PBMT + Arg 2%. First, we generated an ischemic and delayed
healing wound model in each rat. We examined wound strength, stereological parameters, and gene expressions of basic
fibroblast growth factor (bFGF), vascular endothelial growth factor A (VEGF-A), and stromal cell-derived factor 1 (SDF-1)
by quantitative real-time polymerase chain reaction (qRT-PCR). PBMT alone and PBMT + Arg 2% considerably increased
wound strength compared to the control and Arg 2% groups during the inflammatory and proliferative steps of wound healing (p
< 0.05). In these steps, PBMT alone significantly induced an anti-inflammatory effect and increased fibroblast counts; Arg 2%
alone induced an inflammatory response (p < 0.05). Concurrently, PBMT and PBMT + Arg 2% significantly increased
keratinocyte counts and volume of the new dermis (p < 0.05). At the remodeling step, the Arg 2% groups had significantly
better wound strength than the other groups (p < 0.05). In this step, PBMT and PBMT + Arg 2% significantly decreased
inflammation, and increased fibroblast counts, vascular length, and the volume of new epidermis and dermis compared to the
control and Arg 2% groups (p < 0.05). In all cases of gene analysis, there were statistically better results in the PBMT and PBMT
+Arg 2% groups compared with the Arg 2% and control groups (p < 0.05). The anti-inflammatory and repairing effects of PBMT
on an ischemic and delayed healing wound model in rats were shown by significant improvements in wound strength, stereo-
logical parameters, and gene expressions of bFGF, VEGF-A, and SDF-1α.
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Introduction

A chronic wound (ulcer) is defined as a wound that has not
undergone the regular repair process and remains exposed for
greater than 30 days [1]. Generally, in the USA, approximate-
ly 2% of the entire population is believed to be affected by
ulcers [2]. Cost assessment for acute wounds and ulcers man-
agement ranges from $28 billion to $97 billion [3]. The sud-
den increase in ulcer care costs has encouraged researchers to
search for easy, inexpensive treatments that could benefit a
wide range of involved patients [4].

Ischemia is produced by a restricted bloodstream to the
injured area. Blood vessel problems or disturbances are regu-
lar sources of ischemia. Patients with a weak bloodstream are
at elevated risk for evolving ischemic wounds [5]. Chronic
ischemia, because of weak tissue oxygenation, could have
prolonged or delayed impacts on the course of wound healing
[6]. Ischemic wounds could result in leg amputations and loss
of life [7]. Ethical questions exist in terms of obtaining fre-
quent biopsies from an individual patient [8]. Compromised
wound healing, which simulates chronic human cutaneous
pathologies, is difficult to achieve in existing animal simula-
tions and delays investigations and progress of novel benefi-
cial agents that could encourage wound healing [9]. A full-
thickness bipedicle flap method in a rat was approved to in-
duce cutaneous ischemia. The closing of an excisional wound
located on ischemic skin was weakened and resulted in the
formation of an ulcer [8].

Photobiomodulation therapy (PBMT) moderates cellu-
lar and molecular functions in wound healing [10].
Experiments on ischemic skin tissue have shown that
PBMT improved angiogenesis and nitric oxide (NO) re-
lease [11], increased vessel counts [12], increased the
amounts of vascular endothelial growth factor (VEGF)
and hypoxia inducible factor alpha (HIF-1α) positive cells
[13], increased mast cell counts, and enhanced expressions
of VEGF-A and cluster of differentiation (CD)34 [14]. In
addition, PBMT might enhance the survival of skin flaps by
increasing the amount of new vessel formation in the tissue,
modulating VEGF release, matrix metalloproteinase-2
(MMP-2) activation, and HIF-1α expression [15]. In
these studies, there was no excisional wound inside the
flap.

Combined therapies with dissimilar approaches and medi-
cations have been shown to increase the treatment rates of
many illnesses. Consequently, these combined treatments
are the current focus among researchers [16].

Arginine is an inessential amino acid that is considered to
be a dietary supplement for protein production, cell signaling
by the creation of NO, and cell proliferation [17]. The results
of many investigations have indicated that arginine enhances
wound healing in humans and experimental wounds in both
healthy [18] and diabetic rats [19]. In one review, the

researchers concluded that both arginine and fish oil had in-
dependent benefits on improving the wound healing process,
but their combination appeared to be more effective [20].

Recently, Bayat group determined that PBMT + topical
arginine (Arg 2%) triggered anti-inflammatory and
vasculogenic responses, and hastened the wound healing
course in non-ischemic wounds [21]. Data from translational
studies would assist physicians with their treatment options
for healing skin wounds in patients with ulcers [22]. Here,
we aim to explore the influence of alone and combined
PBMT and Arg 2% administration on wound strength, and
cellular and vascular elements of tissue repair, and gene ex-
pressions of basic fibroblast growth factor (bFGF), VEGF-A,
and stromal cell-derived factor 1 (SDF-1α), which are in-
volved in the wound healing process [23] in an ischemic and
delayed healing wound (ulcer) model in rats.

Materials and methods

Animals and study design

The IRB of National Institute for Medical Research
Deve lopment (NIMAD) , Tehran , I r an ( f i l e no :
IR.NIMAD.REC.1397.256) approved this study and its
experiments.

Adult male Wistar rats were housed individually in stan-
dard animal cages, with ad libitum access to rat food pellets
and water. We randomly divided 108 rats into six groups (n =
18 rats/group): control (G1), lower energy density (LOW)-
PBMT (G2), Arg 2% (G3), LOW-PBMT + Arg 2% (G4),
high energy density (HIGH)-PBMT (G5), and HIGH-PBMT
+ Arg 2% (G6). Next, we generated a delayed healing ische-
mic wound in each rat (Fig. 1). In each group, the rats were
euthanized on days 5 (n = 6), 10 (n = 6), and 20 (n = 6), and we
obtained samples to assess wound strength, and conduct ste-
reological and quantitative real-time polymerase chain reac-
tion (qRT-PCR) examinations. We considered day 5 to be the
inflammatory step, day 10 to be the proliferative step, and day
20 to be the remodeling step of wound healing. The weights of
the rats were recorded during the experiment.

Surgery

A dorsal, full-thickness bipedicle skin flap (10 × 3.5 cm) was
created deep in the skin muscle under aseptic conditions and
general anesthesia. The flaps were sutured to the adjacent skin
edges. One, 12-mm full-thickness excisional wound, which
included the skin muscle, was produced in the midpoint re-
gion of the flap by a biopsy punch. A donut-shaped silicone
skin holder was fixed around the skin defect with 04 silk
suture [24] (Fig. 1).
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Administration of PBMT and Arg 2% ointment

PBMT was started immediately after surgery, and we per-
formed nine shootings of the laser over nine defined regions
of the ischemic wound and nearby skin (Fig. 1) according to
the following protocol. We used a Mustang 2000, LO7 probe
(Technica Co., Russia) with the following specifications: 1.08
mW/cm2 power density, 75-W peak power output, 1.08-mW
average power, 1 cm2 spot size, 80-Hz pulse rate, and 890-nm
infrared wavelength. The pulsed duration was 180 ns with
energy densities of 0.2 J/cm2 (200 s) and 0.32 J/cm2 (300 s)
according to the parameters listed in Table 1.

Wemixed 2 g of arginine powder (Sigma-Aldrich, USA) in
water and added 98 g of Eucerin to produce the Arg 2%
cream. Both PBMT and approximately 0.04 g of the Arg
2% were applied to the wounds of groups G4 and G6.
Group G3 received only the Arg 2% and groups G2 and G5
received only PBMT. PBMT and Arg 2% were applied

immediately after surgery and continued once daily, 6 days
per week for 20 days.

Wound strength examination

We cut one standardized sample (5 × 50 mm) from the wound
bed and adjacent normal skin at days 5, 10, and 20 after sur-
gery. The sample was examined by a mechanical tensiometer
(Santam, Eng. Design Co., Ltd., Iran) and the deformation rate
was constantly kept at 0.16 mm/s. We used the load-
deformation curve to extract the maximum force (MF). The
MF (N) was measured directly from the load-deformation
curve and represented the maximum tensile force applied to
rupture the specimen. The test was performed at a temperature
of approximately 22 °C, and the specimens were kept moist
with 0.9% saline during the test [25].

Stereological examination

The samples, at days 5, 10, and 20 after surgery, were pre-
pared for light histological study. First, ten serially sectioned
(5 and 20 μm thick) slides were stained with hematoxylin and
eosin. The optical dissector method was used to determine the
numerical density (Nv) of neutrophils, macrophages, fibro-
blasts, and keratinocytes according to the following equation:

Nv = [ΣQ (number of nuclei)/h (the height of the dissector)
× a/f (counting frame area) × Σp (number of counting frames
in all fields) ] × [t (real section thickness)/BA (section thick-
ness)] [26].

Estimation of the vascular length (μm)

Vascular length was considered to be a stereological marker
for new blood vessel formation.

2ΣQ (total number of the vessel profiles counted in each rat
s wound)/(ΣP (number of counting frames in all fields (a/f)).

Fig. 1 Schematic illustration of
the ischemic wound, ring stent,
and photobiomodulation therapy
(PBMT) target points

Table 1 Specifications of the laser used

Unit Dose

Power 70 W

Power density 1.08 mW/cm2

Average power 1.08 mW

Spot size 1 cm2

Pulse rate 80 Hz

Wavelength 980 nm, infra-red

Pulsed duration 180 ns

Times 200, and 300 s

Energy densities 0.2 J/cm2 and 0.32 J/cm2

Number of shootings 9

Probe LO7

Company: Mustang 2000 Technica Co., Russia
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Estimation of the volume of new epidermis and new
dermis

The total volume (V, mm3) of new epidermis and new dermis
was calculated by Cavalieri’s method, where

V=ΣP (total number of the volume profiles counted in each
rat s wound) × a/p (the area interrelated to each specific point
projected on the tissue) × t (the distance between the sampled
sections perceivably).

RNA extraction and qRT-PCR

The skin samples were harvested from the tissue wound areas
at days 5, and 10 after surgery, and stored in a liquid nitrogen
solution. TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
was used for total RNA extraction according the manufac-
turer’s instructions. The total RNA was stored in a nitrogen
tank and then transferred to − 80 respectively. The samples
were read with a nanodrop spectrophotometer at an absor-
bance of 260 nm/280 nm to determine the purity of total
RNA. A PrimeScriptTM RT Reagent kit was used to synthe-
size cDNA from 500 ng of total extracted RNA. The synthe-
sized cDNA was amplified and prepared for qRT-PCR.
Amplification was carried out for 40 cycles and Syber Green
Master Mix was used. Table 2 lists the primers designed for
GAPDH (internal control gene), bFGF, VEGF-A, and SDF-
1α. The reactions were conducted in an Applied Bio-systems
Step One ™ thermal cycler at 50 °C for 10 min, 95 °C for 5
min, and 95 °C for 15 s, followed by 60 °C for 30 s and 72 °C
for 30 s for 40 cycles.

qRT-PCR was performed in a 15-μL reaction mixture that
contained 7.5 μL 2× SYBR® Green PCR Master Mix
(Invitrogen), 0.3 μL of each primer, 0.3 μL Super Script III
RT/Platinum Taq Mix (10 pmol/μl), 0.15 μL ROX Reference
Dye, and 5 μL of sample in water. The expression values were
normalized by the geometric mean of GAPDH. The products
were prepared for comparative quantitation between the stud-
ied groups by REST 2009 Software based on the Pair Wise
Fixed Reallocation Randomization Test©. To obtain the

relative quantification of mRNA, the mean Cyclic Treshold
(Ct) values were assessed in triplicate for each sample.

Statistical analysis

Data are presented as mean ± standard deviation (SD). All
analyses were carried out using SPSS software version 22
for Windows (SPSS Inc., Chicago, IL, USA). We used the t
test, one-way analysis of variance (ANOVA), and the least
significant difference (LSD) tests for statistical analyses. A p
value of ≤ 0.05 was considered statistically significant.

Results

Clinical observations

We did not observe any wound exudate, wound model failure,
or death during the experiment. Table 3 shows the changes in
the rats’ body weights.

Findings of wound strength examination

Figure 2 shows the Mean ± standard deviations of MF (N) in
the study groups. All p values are related to the LSD test. On
day 5, the HIGH-PBMT and HIGH-PBMT + Arg 2% groups
had significantly increased MF compared to the Arg 2% (p =
0.014, p = 0.003), LOW-PBMT (p = 0.003, p = 0.023), and
control (p = 0.002, p = 0.014) groups. On day 10, the HIGH-
PBMT + Arg 2% (p = 0.000), LOW-PBMT (p = 0.000),
LOW-PBMT + Arg 2% (p = 0.001), and HIGH-PBMT (p =
0.007) treatments remarkably increasedMF related to the con-
trol group. The HIGH-PBMT + Arg 2% (p = 0.000), LOW-
PBMT (p = 0.001), and LOW-PBMT + Arg 2% (p = 0.019)
groups had remarkably increased MF related to the Arg 2%
group. On day 20, the Arg 2% group remarkably increased
MF related to the LOW-PBMT + Arg 2% (p = 0.002) and
HIGH-PBMT + Arg 2% (p = 0.018) groups.

Table 2 The initial sequences (forward and reverse), product sizes, and PCR for basic fibroblast growth factor (bFGF), vascular endothelial growth
factor (VEGF)-A, and stromal cell-derived factor-1α (SDF-1α)

Gene Primer sequence 5′-3′ Product size (bp) Melting temperature Access number

bFGF FW: CCAGTTCAGTTCCTTCT
RV: AAGAATCTGTCCCGTTC

190 bp 62 °C 019305.2

VEGF-A FW: TGCGGATCAAACCTCACCAA
RV: GGCTCACAGTGATTTTCTGGC

115bp 60 °C 001110333.2

SDF-1α FW: CAGTTACAGGTGGTGGCATTG
RV: GACTCTCGGCAAGGAATCTGT

127 bp 61 °C 022177.3

GAPDH FW: AATGTATCCGTTGTGGATCTGA
RV: GCTTCACCACCTTCTTGATGT

162 bp 58 °C 032905641.1
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Stereological findings, neutrophil counts

All p values were related to the LSD test. At days 5 and 10,
we observed significantly fewer neutrophils in the LOW-
PBMT, and HIGH-PBMT groups compared with the con-
trol, Arg 2%, LOW-PBMT + Arg 2%, and HIGH-PBMT +
Arg 2% groups (all, p = 0.000). At day 20, there were
significantly fewer neutrophils in the LOW-PBMT (p =
0.002), LOW-PBMT + Arg 2% (p = 0.007), HIGH-
PBMT (p = 0.001), and HIGH-PBMT + Arg 2% (p =
0.046) groups compared with the control group. At the
same time, there were significantly fewer neutrophils in

the LOW-PBMT (p = 0.000), LOW-PBMT + Arg 2% (p
= 0.001), HIGH-PBMT (p = 0.000), and HIGH-PBMT +
Arg 2% (p = 0.01) groups in comparison with the Arg 2%
group (Fig. 3a).

Macrophage counts

On day 5, we observed remarkably fewer macrophages
in the LOW-PBMT (p = 0.000), HIGH-PBMT (p =
0.002), and HIGH-PBMT + Arg 2% (p = 0.008) groups
compared with the control group. At the same time,
there were remarkably fewer macrophages in the
LOW-PBMT and HIGH-PBMT groups compared to
the Arg 2% and PBMT + Arg 2% groups (all, p =
0.000). On day 10, there were remarkably fewer macro-
phages in the LOW-PBMT, LOW-PBMT + Arg 2%,
and HIGH-PBMT groups compared to the control, Arg
2%, and HIGH-PBMT + Arg 2% groups (all, p =
0.000). On day 20, we observed that the LOW-PBMT
(p = 0.000), LOW-PBMT + Arg 2% (p = 0.000),
HIGH-PBMT (p = 0.000), HIGH-PBMT + Arg 2% (p
= 0.000), and Arg 2% (p = 0.042) groups had remark-
ably decreased macrophages related to the control
group. Concurrently, the LOW-PBMT (p = 0.007),
LOW-PBMT + Arg 2% (p = 0.026), HIGH-PBMT (p
= 0.002), and HIGH-PBMT + Arg 2% (p = 0.018)
groups had remarkably decreased macrophages com-
pared to the Arg 2% group (Fig. 3b).

Table 3 Mean ± SD of initial and final body weights of the study
groups

Groups Weight (g)
Day 0

Weight (g)
Day 20

Control (G1) 222.00 ± 7.04 244.50 ± 11.43*

LOW-PBMT (G2) 248.50 ± 12.49 247.50 ± 13.97

Arginine (G3) 264.60 ± 11.28 292.20 ± 12.68**

LOW-PBMT + Arginine (G4) 251.17 ± 8.59 251.66 ± 7.53

HIGH-PBMT (G5) 239.00 ± 6.00 246.66 ± 10.33*

HIGH-PBMT+ Arginine (G6) 243.00 ± 11.48 235.33 ± 14.63

Data was compared by the t test. Study groups: Control (G1), LOW-PBM
(G2), arginine (G3), LOW-PBM + arginine (G4), HIGH-PBM (G5),
HIGH -PBM + arginine (G6); PBM, photobiomodulation; t test; *p <
0.05, **p < 0.01

Fig. 2 Mean ± standard deviation
(SD) of maximum force (N) in the
study groups compared by
analysis of variance (ANOVA)
and least significant difference
(LSD) tests. PBMT
photobiomodulation therapy. *p
< 0.05, **p < 0.01, ***p < 0.001
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Fibroblast counts

On day 5, we observed remarkably higher fibroblasts in the
HIGH-PBMT and LOW-PBMT groups compared with the
control (p = 0.012, p = 0.019), Arg 2% (p = 0.001, p =
0.002), LOW-PBMT + Arg 2% (p = 0.005, p = 0.007), and
HIGH-PBMT + Arg 2% (p = 0.023, p = 0.036) groups. On
day 10, there were remarkably higher numbers of fibroblasts
in the HIGH-PBMT (p = 0.000), HIGH-PBMT +Arg 2% (p =
0.000), LOW-PBMT (p = 0.000), and LOW-PBMT +Arg 2%
(p = 0.016) groups compared to the control group. We also
observed remarkably more fibroblasts in the HIGH-PBMT (p
= 0.000), HIGH-PBMT + Arg 2% (p = 0.000), LOW-PBMT

(p = 0.000), and LOW-PBMT + Arg 2% (p = 0.013) groups
compared to the Arg 2% group. Concurrently, there were sig-
nificantly higher numbers of fibroblasts in the HIGH-PBMT
group compared to the LOW-PBMT + Arg 2% (p = 0.000),
LOW-PBMT (p = 0.000), and HIGH-PBMT + Arg 2% (p =
0.007) groups. Concurrently, we found remarkably higher
numbers of fibroblasts in the HIGH-PBMT + Arg 2% group
compared to the LOW-PBMT + Arg 2% (p = 0.000) and
LOW-PBMT + Arg 2% (p = 0.032) groups. On day 20, there
were remarkably higher numbers of fibroblasts in the LOW-
PBMT, HIGH-PBMT, LOW-PBMT + Arg 2%, and HIGH-
PBMT + Arg 2% groups compared to the control and Arg 2%
groups (all, p = 0.000) (Fig. 4a).

Fig. 3 Mean ± SD of neutrophil
(a) and macrophage (b) counts in
the study groups compared by
ANOVA and LSD tests. *p <
0.05, **p < 0.01, ***p < 0.001
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Fig. 4 Mean ± SD of fibroblast
counts (a) and vascular length (b)
and the volume of new dermis (c)
in the study groups compared by
ANOVA and LSD tests. *p <
0.05, **p < 0.01, ***p < 0.001
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Vascular length

On day 5, we observed increased vascular length in the HIGH-
PBMT + Arg 2% group compared with the other groups (p >
0.05). On day 10, there was greater vascular length observed
in the HIGH-PBMT group compared with the other groups (p
> 0.05). On day 20, we found remarkably higher vascular
length in the LOW-PBMT (p = 0.009), HIGH-PBMT (p =
0.014), and LOW-PBMT + Arg 2% (p = 0.030) groups com-
pared with the control group. Concurrently, there were re-
markably greater vascular length in the LOW-PBMT (p =
0.014) and HIGH-PBMT (p = 0.024) groups compared with
the Arg 2% group (Fig. 4b).

New dermis volume

On day 5, we observed remarkably higher volumes of new
dermis in the LOW-PBMT and HIGH-PBMT groups com-
pared to the LOW-PBMT + Arg 2% group (p = 0.001, p =
0.008), Arg 2% (p = 0.002, p = 0.019), and control groups (p =
0.003, p = 0.028). On day 10, there were remarkably higher
volumes of new dermis in the LOW-PBMT (p = 0.022) and
LOW-PBMT + Arg 2% (p = 0.036) groups compared to the
control group. At the same time, we observed remarkably
lower amounts of new dermis in the HIGH-PBMT + Arg
2% and HIGH-PBMT groups compared with the control (p
= 0.001, p = 0.000), LOW-PBMT +Arg 2% (both, p = 0.000),
LOW-PBMT (both, p = 0.000), and Arg 2% (both, p = 0.000)
groups. On day 20, we observed remarkably increased vol-
umes of new dermis in the LOW-PBMT, HIGH-PBMT,
LOW-PBMT + Arg 2%, and HIGH-PBMT + Arg 2% groups
compared to the control and Arg 2% groups (all, p = 0.000)
(Fig. 4c).

Keratinocyte counts

On day 5, we observed higher numbers of keratinocytes in
the LOW-PBMT + Arg 2% group than the other groups (p
> 0.05). On day 10, there were remarkably higher numbers
of keratinocytes in the HIGH-PBMT and HIGH-PBMT +
Arg 2% groups compared to the other groups (all, p =
0.000). On day 20, there were remarkably higher numbers
of keratinocytes in the LOW-PBMT, the LOW-PBMT +
Arg 2%, HIGH-PBMT, and HIGH-PBMT + Arg 2%
groups compared to the control group (all, p = 0.000).
Concurrently, there were remarkably higher numbers of
keratinocytes in the Arg 2% group compared to the control
group (p = 0.049). We observed remarkably higher num-
bers of keratinocytes in the LOW-PBMT (p = 0.004),
HIGH-PBMT (p = 0.001), LOW-PBMT + Arg 2% (p =
0.015), and HIGH-PBMT + Arg 2% (p = 0.030) groups
compared to the control group (Fig. 5a).

Volume of new epidermis

On day 5, we observed higher amounts of new epidermis in
the HIGH-PBMT and LOW-PBMT groups compared to the
Arg 2% (p = 0.006, p = 0.031) and LOW-PBMT + Arg 2% (p
= 0.003, p = 0.015) groups. On day 10, there were remarkably
higher volumes of new epidermis in the LOW-PBMT (p =
0.003), LOW-PBMT + Arg 2% (p = 0.043), and HIGH-
PBMT + Arg 2% (p = 0.043) groups compared to the
HIGH-PBMT + Arg 2% group. At the same time, there were
remarkably higher amounts of new epidermis in the LOW-
PBMT + Arg 2% compared to the Arg 2% group (p =
0.009). On day 20, we observed remarkably higher volumes
of new epidermis in the HIGH-PBMT, LOW-PBMT, HIGH-
PBMT + Arg 2%, and LOW-PBMT + Arg 2% groups com-
pared to the control and Arg 2% groups (all, p = 0.000).
Figure 5 b shows the results of this analysis.

Outcomes of qRT-PCR, bFGF gene expression

qRT-PCR analysis on day 5 indicated that the LOW-PBMT +
Arg 2% (p = 0.014), HIGH-PBMT + Arg 2% (p = 0.022), and
HIGH-PBMT groups (p = 0.039) had remarkably increased
bFGF gene expression when compared to the control group.
On day 10, RT-qRT-PCR analysis results showed that the
LOW-PBMT (p = 0.015), LOW-PBMT + Arg 2% (p =
0.035), HIGH-PBMT (p = 0.050), and HIGH-PBMT + Arg
2% (p = 0.048) groups had remarkably increased bFGF gene
expression compared to the control group. Concurrently, the
LOW-PBMT group had remarkably increased bFGF gene
expression compared to the Arg 2% group (p = 0.019)
(Fig. 6a).

VEGF-A gene expression

qRT-PCR analysis on day 5 indicated that the HIGH-
PBMT + Arg 2% (p = 0.003) and HIGH-PBMT + Arg
2% (p = 0.032) groups showed remarkably increased
VEGF-A gene expression compared with the control group.
Concurrently, RT-qRT-PCR analysis showed that the
HIGH-PBMT + Arg 2% group was remarkably better than
the HIGH-PBMT (p = 0.049), Arg 2% (p = 0.020), and
LOW-PBMT + Arg 2% (p = 0.006) groups. RT-qRT-
PCR analysis on day 10 showed that the HIGH-PBMT +
Arg 2% (p = 0.004), HIGH-PBMT (p = 0.049), and LOW-
PBMT + Arg 2% (p = 0.048) groups had remarkably in-
creased VEGF-A gene expression related with the control
group. Simultaneously, RT-qRT-PCR analysis showed that
the HIGH-PBMT + Arg 2% group was remarkably better
than the LOW-PBMT (p = 0.037) and Arg 2% (p = 0.025)
groups (Fig. 6b).
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SDF-1α gene expression

qRT-PCR analysis on day 5 indicated that the HIGH-PBMT
(p = 0.040), HIGH-PBMT + Arg 2% (p = 0.044), and LOW-
PBMT (p = 0.049) groups had remarkably increased SDF-1α
gene expression compared to the control group. RT-qRT-PCR

analysis on day 10 showed that the HIGH-PBMT +Arg 2% (p
= 0.018), HIGH-PBMT (p = 0.025), and LOW-PBMT + Arg
2% (p = 0.049) groups had remarkably increased SDF-1α
gene expression compared with the control group.
Simultaneously, RT-qRT-PCR analysis showed that the
HIGH-PBMT + Arg 2% (p = 0.020) and HIGH-PBMT (p =

Fig. 5 Mean ± SD of keratinocyte
counts (a) and the volume of the
new epidermis (b) in the study
groups compared by ANOVA
and LSD tests. *p < 0.05, **p <
0.01, ***p < 0.001
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Fig. 6 Mean ± SD of basic
fibroblast growth factor (bFGF),
vascular endothelial growth factor
A (VEGF-A), and stromal cell-
derived factor 1α (SDF-1α) gene
expressions in the studied groups
compared by ANOVA and LSD
tests. *p < 0.05, **p < 0.05, ***p
< 0.001
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0.028) groups were remarkably better than the Arg 2% group
(Fig. 6c).

Discussion

Overall, our findings showed that PBMT alone had signifi-
cantly better results than the Arg 2% alone and control groups.

Although it has been revealed that arginine improves
wound healing in some animal models [21] and in humans
[27], the healing influence of arginine supplementation on
chronic ischemic wound healing has not been completely
determined and necessitates additional research. A system-
ic review by Schneider and Yahia reported that arginine
supplementation in combination with oral diet supplemen-
tation might encourage wound healing in older patients
inacute care and long-term care settings. They stated that
further high-quality researchers are needed in order to de-
termine the particular function of arginine supplementation
alone in wound healing and as probable treatment for pres-
sure injuries [28].

Our results showed no beneficial effects of Arg 2% on
the inflammatory and proliferation steps of wound healing.
Similar results were reported by Silva et al. These re-
searchers generated a McFarlane flap in a rat model.
Silva et al. reported that both kaurenoic acid and arginine
demonstrated mild antilipoperoxidative action in addition
to a strong antioxidant action in ischemia and reperfusion
of these random skin flaps. However, they only observed
anti-inflammatory actions in the kaurenoic acid-treated
rats [29].

Our findings might contrast those reported by
Gündoğdu et al. Gündoğdu et al. generated a bipedicle skin
flap on each rat and created two quadrangular wounds in-
side the flap. The rats in the treatment group received a
daily combination of arginine, L-glutamine, and β-
hydroxy-β-methyl butyrate. They observed that the treat-
ment group had a decreased wound area as well as its
inflammatory cell accumulation score. There was no statis-
tical difference between the control and treatment groups
in terms of collagen accumulation, granulation tissue de-
velopment, neovascular formation, or neoepithelialization.
Gündoğdu et al. concluded that the amino acid mixture
appeared to have a positive effect on the healing of the
inflicted ischemic wounds; the decrease in inflammatory
reaction appeared to show a function of this influence.
The anti-inflammatory effect in the experimental group
[30] might be attributed to the anti-inflammatory effects
of L-glutamine and β-hydroxy-β-methyl butyrate.

We took into considerat ion the posi t ive ant i -
inflammatory and healing effects of PBMT in the current
research and, in order to observe positive results, we in-
cluded PBMT and PBMT + Arg 2% as treatment groups.

PBMT would be a valuable treatment for people who are
needle phobic or unable to tolerate non-steroidal anti-in-
flammatory medications [31].

The results of experiments on random skin flaps have
shown that PBMT significantly revascularized and increased
flap viability [12], and improved angiogenesis and NO re-
lease. PBMT has been shown to modulate VEGF secretion
and MMP-2 activity in a dose-dependent manner [15] and,
consequently, improve skin flap healing by VEGF and HIF-
1α positive cells [13]. In these studies, ischemic skin tissues
were examined rather than full-thickness excisional wounds.
However, in the current study, we evaluated PBMT treatment
of an animal model of an ischemic and delayed healing
wound.

In the present investigation, the results of PBMT + Arg 2%
treatment were comparable to treatment with PBMT alone at
some time points in terms ofMF, keratinocyte counts and new
dermis volume, anti-inflammatory response, fibroblast counts,
vascular length, and gene expressions. These results might be
attributed to the possibility that PBMT + Arg 2% exerted an
escalation in NO generation, which resulted in an energy-
dependent proliferation in the numbers and function of cellu-
lar elements (keratinocytes, fibroblasts, neovascular forma-
tion) involved in wound healing [32].

The influence of PBMT is centered on the absorption of
light photons by chromophores located within the mitochon-
dria, which change some molecular events, and increase mi-
tochondrial respiration and ATP production. Additionally, an-
other biological efficacy of PBMT is attributed to its biologi-
cal influence on ion channels [33]. Light-sensitive ion chan-
nels could be activated that would permit Ca+2 to enter the cell
and trigger many intracellular signaling pathways that are me-
diated in part by NO and Ca+2, which would direct the stim-
ulation of transcription factors related to protein synthesis,
extracellular matrix deposition, and proliferation and have an
anti-inflammatory impact [34].

Conclusion

The anti-inflammatory and repairing effects of PBMT on a
delayed healing and ischemic wound model in rats were
shown by significant improvements in stereological parame-
ters, gene expressions of bFGF, VEGF-A, and SDF-1α, and
wound strength. Some of the stereological parameter results,
gene expressions of bFGF, VEGF-A, and SDF-1α, and
wound strength in the PBMT + Arg 2% group were compa-
rable with PBMT alone regime.

The molecular mechanisms that pertain to the effects of
PBMT and PBMT + Arg 2% on healing in a delayed and
ischemic woundmodel in rats should be determined by further
investigations.
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