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Introduction

Abstract

Introduction: Hypothyroidism delays wound healing by reducing the synthesis of keratinocytes,
fibroblast cells, and collagen. Methods for enhancement of wound healing include laser therapy
and hormone therapy. The current study evaluated the combined effect of laser and levothyroxine
therapy to cure wounds in male rats with hypothyroidism.

Methods: Sixty male Wistar rats were randomly divided into 5 groups: (1) healthy controls;
(2) controls with hypothyroidism; (3) hypothyroidism + laser treatment; (4) hypothyroidism +
levothyroxine treatment; (5) hypothyroidism + laser + levothyroxine treatment. Hypothyroidism
was induced by dissolving 4 mg of methimazole in 100 mL of drinking water daily for 28 days.
After hypothyroidism had been confirmed, a longitudinal incisional wound was created on the
dorsal rib cages of the rats. The wounds that received laser treatment were divided into 12
sections and treated at 810 nm wavelength and 0.2 J/cm? of energy density for 200 seconds.
Levothyroxine was administrated in doses of 20 pg/kg/d i.p. All groups were divided into 3
subgroups for testing on days 4, 7 and 14. Samples were collected in all the subgroups.
Results: The results showed that hypothyroidism reduced fibrous tissue volume, fibroblasts, and
basal cell numbers. The combined effect of laser and levothyroxine improved all parameters.
Conclusion: Combined laser and levothyroxine treatment showed the best effect on wound
healing and accelerated the closure of the wounds.

Keywords: Hypothyroidism; Wound healing; Laser; Levothyroxine; Histomorphological
alteration.

activity and cellular proliferation, synthesis of connective

Hypothyroidism is caused by insufficient thyroid
hormone production.' It is an endocrine condition®’
with a prevalence in females that is 8- to 10-fold higher
than in males.! Hypothyroidism decreases metabolic and
physiologic activity. Symptoms of this disease include
changes in body weight and sleep patterns, decreased
metabolism, growth and epithelial proliferation, and
delayed wound healing.*

Side-effects of this condition are decreases in cellular
metabolism and proliferation; thus, hypothyroidism
becomes critical when the body requires high rates
of cellular proliferation and metabolism. The skin of
individuals with hypothyroidism is thin, rough and scaly.®
While wound healing depends on connective tissue

tissue in the skin, such as collagen, and tissue tensile
strength decrease in those with hypothyroidism.°

T3 in culture medium can induce fibroblast and
keratinocyte proliferation.” Woundhealingisa complicated
process that involves clot formation, inflammation,
granulation, epithelialization, and remodeling.”® Studies
on wound healing have investigated the effect of oxygen
therapy,”'" biomechanics,”” radiotherapy and medical
pomades."?

Low-level laser therapy (LLLT) is a good modality for
wound healing." Recent studies have revealed that LLLT
has a stimulatory effect on the skin. Light absorbed by
the mitochondrial chain can increase ATP synthesis,
oxygen production, and protein synthesis as well as
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induce mitotic cellular proliferation.”>” LLLT decreases
the inflammation phase and provides positive stimulation
for the remodeling phase. It also increases fibroblast
proliferation, tensile resistance, and collagen synthesis.
LLLT increases synthesis of connective tissue in the
primary phases of wound healing.'®"

Studies show that LLLT in the early stage of wound healing
in healthy and diabetic individuals®®*' can increase the
production of reactive oxygen species (ROS) in cells. A low
rate of ROS production can cause activation of mitogen-
activated protein kinase (MAPK) signaling pathways that
halt proliferation and differentiation of cells. A high laser
dose can increase ROS and disturbance of physiologic
activity in cells.”>*

Because levothyroxine has a high half-life of about 7
days, it is prescribed for hypothyroidism. Hormone
replacement therapy has a better effect in hypothyroidism
if zinc is added.* Studies have shown that application of
thyroid hormone pomades can accelerate wound healing
and increase the number of hair follicles.*

The aim of this study was an investigation of the combined
effect of LLLT (wavelength of 810 nm, frequency of
80 Hz, energy density of 0.2 J/cm?) with the use of
levothyroxine on the healing process of incisions in rats
with hypothyroidism. The combined use of LLLT and
levothyroxine could improve wound healing in patients
with hypothyroidism.

Methods

Sixty adult male rats weighing 200-220 g were obtained
from Pasteur Institute (Iran) and were kept at the Animal
laboratory in the Anatomy Department. All animals
were housed in separate cages and were maintained in
a 12 hour light:dark cycle. The animals were provided a
standard laboratory diet and water ad libitum.

The rats were divided into 5 groups and each group was
divided into 3 subgroups containing 4 animals each for
the evaluation of the treatment on days 4, 7 and 14 after
wound creation. The groups were: (1) healthy controls; (2)
controls with hypothyroidism alone; (3) hypothyroidism
+ laser treatment; (4) hypothyroidism + levothyroxine
treatment; (5) hypothyroidism + laser + levothyroxine
treatments.

Induction of Hypothyroidism

Hypothyroidism was induced in all groups except group
1 by the addition of 4 mg of powdered methimazole in
100 mL of drinking water. The water was refreshed
every day. After administration of intramuscular general
anesthesia (ketamine 50 mg/kg and xylazine 20 mg/kg),
blood samples were collected from the corners of the eyes
of the rats at 28 days after treatment with methimazole to
confirm a diagnosis of hypothyroidism. For measurement
of T3 and T4, blood serum was separated and assessed
by commercial radioimmunoassay ELISA kits (DiaPlus;
USA). Next, the animals were shaved on the dorsal

ribcage and a standard incisional wound (1.2 cm) was
created with a #2 scalpel and was left without suturing or
dressing.?

Low-Level Laser Therapy

The wounds in groups 3 and 5 were treated with a pulsed
infrared diode laser with the following specifications:

o The highest power output: 75 W

o Normal power: 1.08 mW

«  Energy density: 1.08 mW/cm?

o Wavelength: 810 nm

o The size of spot: 1 cm?

o The duration of each pulse: 180 ns

o Each point of exposure duration: 200 s

o The amount of energy density: 0.2 J/cm?

The animals were sedated as described in the previous
section. LLLT began directly after the incision surgery
and was applied to 12 sections. These areas covered both
the wound beds and the adjacent normal skin area. The
probe was put into contact with the sample tissue. This
procedure continued once a day every day except days 7
and 14 (in subgroups 7 and 14).

Levothyroxine Therapy
Treatment with levothyroxine started immediately after
surgery and continued to the end of the procedure.
Levothyroxine (Sigma, St. Louis, MO) administered at a
dose of 20 pg/kg/d i.p.”?

Tissue Preparation

At the end of treatment, samples were taken from the
lesions of the subgroups and were fixed in 10% formalin
for 2 weeks. The solution was refreshed after the first 24
hours. The samples were prepared for sectioning using a
tissue processor and then embedded in paraffin blocks
and sectioned into 10 pm sections with a microtome.
The sections were stained with hematoxylin and eosin
stain. To evaluate the healing of the wounds, stereological
methods were used to count the number of basal cells,
fibroblasts, and neutrophils, as well as to determine the
volume of fibrous tissue. The stereological dissector
method was applied to count the cells. Each harvested
sample was assessed by 40x oil-immersion magnification
in height numerical aperture.

Estimation of Volume of Epidermis, Dermis and Fibrous
Tissue

To measure the total volume of epidermis, dermis, and
collagen using the Cavalier’s principle, the following
formula was used:

V="P*a/p*t

Here the ¢ refers to the sampled sections distance. The P
is assessed by the point-counting way. The a/p defined
as the area related with each point projected on skin
tissue.’
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Estimation of the number of fibroblasts, neutrophils, and
basal cells

The fibroblast numbers, neutrophil, and basal cells
were determined by the optical dissector technique.
The locations of the microscopic fields were designated
by an equal interval of moving the stage and systematic
uniform random sampling."* Microcator was used for
measurement of Z-axis movement of the microscope
stage. An unbiased counting frame with inclusion and
exclusion borders was superimposed on the images of the
sections viewed on the monitor. A nucleus was counted if
it was placed completely or partially within the counting
frame and did not reach the exclusion line. Numerical
density (Nv) was calculated with the following formula:
Nv = [EQ-/ (h xx a/f x Zp)] x (t/ BA)

where “XQ-" included the nuclei, numbers and “h”
refers to the dissector height, “a/f” is the area of frame,
“XP” refers to the total number of the unbiased counting
frame in each field, “t” is the actual thickness of sections
evaluated in every field by the microcator, and BA refers
to the advance of the block in microtome.

Statistical Analysis

The data collected was evaluated in SPSS 21 and was
expressed as mean + SEM. To normalize the data,
the Shapiro test was used. Statistical significance was
considered at P < 0.05 and was reported as mean + SEM.

Results

Overall Findings

Post-surgery, all the experimental rats were kept healthy
and showed normal healing in the wound area without
considerable infection. The rats with hypothyroidism
recorded significantly lower T4 and T3 hormone levels
than those in the euthyroid rats (P=0.000). The T4
and T3 levels in the euthyroid rats were 3.80 + 0.15
and 87.64+3.47 ng/dL, respectively. In the rats with
hypothyroidism, these were 1.322 + 0.07 and 20.57 + 1.84
ng/dl, respectively.

Volume of Epidermis, Dermis, Fibrous Tissue and Cell
Density

To determine the volume of the epidermis, dermis and
tibrous tissue and the cell density in wound healing, H&E
staining was used. The data between groups was collected
by soteriological methods and normalized and measured
as described below.

Volume of Epidermis, Dermis and Fibrous Tissue

To determine the volume of the epidermis, dermis and
fibrous tissue, Cavalier’s principle of the stereological
method was used. ANOVA statistical methods were used
for analysis. The analysis revealed that the best response
was observed for the laser + levothyroxine groups. Figure
1 shows that the volume of the epidermis, dermis and
tibrous tissue were significantly different in rats receiving

7th DAY

4th DAY

CON. HYPO. LASER LEV. LASER+LEV.
GROUPS

CON. HYPO. LASER LEV. LASER+LEV.
GROUPS

X>  Fibrouse Tissue Volume(um)
2
8

oo  Fibrouse Tissue Volume(um3)

14th DAY

Fibrouse Tissue Volume(um?)

C CON.

HYPO. LASER

LEV. LASER+LEV.

Figure 1. Mean of Fibrous Tissue Volume on 4th, 7th and 14th Day
After Wound Creation. * P<0.05; ** P<0.01; *** P<0.001.

combined laser + levothyroxine when compared to groups
1-4. There was no significant increase in the volume of the
epidermis, dermis and fibrous tissue in the laser groups
but there was a significant difference in the levothyroxine
group when compared with the hypothyroidism group.
The volumes of the prefrontal cortex at days 4, 7 and 14
are shown in Figure 1.

Number of Fibroblast Cells

Figure 2 shows a decrease in fibroblast cell density
and number of cells in the hypothyroidism group
compared to the control group. The data also indicated
that the number of cells in the group receiving laser +
levothyroxine increased significantly when compared
with the hypothyroidism, laser, and levothyroxine groups,
but not the euthyroidic control group. The data obtained
from the hypothyroidism and laser groups showed that
there was no significant change in terms of fibroblast cell
density between groups (P > 0.05).

Fibroblast Cells- 4th DAY

Fibroblast Cells- 7th DAY

CON. HYPO. LASER LEV. LASER+LEV. CON. HYPO. LASER LEV. LASER+LEV.
A Groups B Groups

Fibroblast Cells- 14th DAY

CON. HYPO. LASER LEV. LASER+LEV.
C Groups

Figure 2. Mean of Fibroblast Cells Number on 4th, 7th and 14th Day
After Wound Creation. * P<0.05; ** P<0.01; *** P<0.001.
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Number of Neutrophil Cells

As shown in Figure 3, the injection of levothyroxine into
wounds receiving laser significantly reduced the number
of neutrophils compared to the euthyroid control, laser and
levothyroxine groups (P < 0.01). However, this decrease in
the laser groups compared to the hypothyroidism groups
was not significant. The difference in the decrease in the
number of neutrophils in the levothyroxine group versus
the other groups (control, laser, and hypothyroidism) was
significant (P < 0.001).

Number of Basal Cells

Figure 4 shows that the basal cell density in the area of
the wound of laser-treated rats increased dramatically
following the levothyroxine injection (P<0.001). The
differences in numerical densities of the basal cells in the
hypothyroidism groups and the laser-treated groups were
not significant. The difference in the number of basal cells
between the hypothyroidism and levothyroxine groups
was statistically significant (P<0.001). The results also
indicated that combined laser + levothyroxine treatment
increased the number of basal cells in comparison with
the hypothyroidism, laser and levothyroxine groups;
however, this increase was not significant when compared
to the control group.

Discussion

The findings of the current study revealed that
methimazole can induce hypothyroidism. Analysis of the
data showed that fibrous tissue volume and the number
of basal cells and fibroblasts increased, whereas the
number of neutrophils decreased in subgroups 4, 7 and
14. Hypothyroidism is a prevalent endocrine disorder
that effects the systems and metabolism of the body. One
effect is a delay in wound healing. Studies show that the
synthesis and organization of collagen fibers decrease in
the presence of hypothyroidism.” The healing of wounds
is caused by the interaction of fibroblasts, myofibroblasts,
endothelial cells and keratinocytes.”** Decreased
secretion of thyroid hormones causes metabolic disorders
and those related to the synthesis of collagen from
inflammation to the proliferation phases.

The results of the current study are in parallel with earlier
studies showing the adverse effects of hypothyroidism on
wound healing.*® Methods for treatment of such wounds
include hormone therapy, laser therapy, and pomades.
Studies have shown that pomades that made from thyroxin
hormone can accelerate the closure of wounds.?*%*
The current study used the thyroxin hormone by direct
application instead of topical administration. The results
showed that administration of levothyroxine combined
with laser treatment produced the best results.

The laser treatment did not improve fibrous tissue volume
or the number of cells. Studies have shown that laser
treatment alone has no effect on wound healing. Viegas
et al and Busnardo et al showed that laser treatment

Neutrophil cells - 4th DAY

Neutrophil cells - 7th DAY

o !
CON. HYPO. LASER LEV. LASER+LEV. CON. HYPO. LASER LEV. LASER+LEV.
A Groups B Groups

Neutrophil cells - 14th DAY

i |

CON. HYPO.  LASER LEV. LASER+LEV.
C Groups

Figure 3. Mean of Neutrophil Cells Number on 4th, 7th and 14th Day
After Wound Creation. * P<0.05; ** P<0.01; *** P<0.001.
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Figure 4. Mean + SEM of Number of Basal Cells on days 4, 7 and 14
After Wound Creation. * P<0.05; ** P<0.01; *** P<0.001.

had no effect on the reduction of the inflammation
phase.”** They improved their results using interleukin-
1B. Allendorf et al found that the use of a He-Ne laser
had no effect on wounds.” This paradoxical investigation
had no rules and no strong methods. The investigators
used any wavelength, energy and power density that they
concluded had the best effect on the skin.

The current study showed that laser treatment alone had
no effect, but showed a positive effect when combined with
levothyroxine. Hypothyroidism reduces the production
of antioxidants, which increases ROS. An increase in
oxidative stress in cells prolongs the inflammation phase
and delays the proliferation phase. The administration of
levothyroxine increased the antioxidants and decreased
ROS. The proliferation phase began immediately when
laser treatment increased cell proliferation.'*

Conclusion

LLLT at 810 nm in wavelength, frequency of 80 Hz and
energy density of 0.2 J/cm? combined with the application
of levothyroxine significantly improved the histological
properties of wounds in rats with hypothyroidism.
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