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THE STUDY OF MORPHOLOGICAL AND FUNCTIONAL CHANGES
IN THE THYROID FOLLICLES OF HEALTHY RATS AND RATS WITH
EXPERIMENTALLY INDUCED HYPOTHYROIDISM FOLLOWING
EXPOSURE TO MEDIUM-POWER LASER RADIATION

Smelova V'™, Golovneva ES?
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Hypothyroidism remains a pressing concern. Laser irradiation is a widely used treatment option for patients with thyroid
pathologies. Its efficacy depends on the applied dose. Changes in the form and volume of the structural components of
the glands, such as thyrocytes and follicles, are dose-dependent and signal their functional state, which affects production,
accumulation and secretion of thyroid hormones. The aim of our study was to explore the effect of infrared medium-power
laser with total energy densities of 112 J/cm? and 450 J/cm? on the morphology and function of the thyroid and its follicles in
health and hypothyroidism. The experiment was conducted in male rats. It was demonstrated that laser radiation affects the
morphological state of thyrocytes and follicles of both intact animals and animals with experimentally induced hypothyroidism.
Comparison of two laser regimens revealed that 112 J/cm? energies stimulated tissue regeneration and thyroid activity in
general, whereas 450 J/cm? energies suppressed those processes. Our findings can be used to study hypothyroidism treatment
options in the experimental setting.
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N3Y4HEHME MOP®O®YHKLUNOHAJIbHbIX USBMEHEHUI ®ONJINKYIOB
LLUIMTOBUAHOW XKEJIE3bl KPbIC B HOPME U NMPU TMMNOTUPEOSE MOCIJIE
BO3OENCTBUA CPEOHEMHTEHCUBHOIO JITASEPHOIO U3/TYYEHUS

M. B. Cmenosa'™, E. C. lonosHesa?

" MHOronpoubHbIN LIEHTP NadepHoi MeauLmnHbl, HensbruHck
2 KOXKHO-YpauibCKuii rocyAapCTBEHHbI MEANUMHCKUIA YHUBEPCUTET, HYenabuHek

[Mpobnema rvnoTupeosa B MOCAEeOHEE BPEMsI He TepsieT CBOeN akTyanbHOCTW. [pu neveHun Tupeonatuin ycnewHo
NCMNONb3YETCA NasepHoe OOyYeHne LLMTOBUAHOM »Xenedbl. DPHEKTUBHOCTb Na3epHOro BO3OENCTBUSA 3aBUCUT OT
NpUMEHsieEMOl [03bl U3My4YeHus. 13meHeHne opMbl U 06bema CTPYKTYPHO-(DYHKUMOHABHBIX VHWL, OpraHa (TUpeoLIMTOB
1 HONIMKYOB) SBMSETCA [0303aBUCKMbIM MPOLECCOM U OTPaKAET NX (YHKLVOHAIbHOE COCTOSIHME, BUSIOLLEE Ha CUHTES,
HaKoMJeHre 1N CEKPELIMIO TUPEOUaHbIX FOPMOHOB. Llenbto nccnenoBaHns 6bin10 n3ydeHne BAMSHUS MHDPaKpacHOMo a3epHOro
0bNnyYeHVs cpeaHer MHTEHCMBHOCTI MPW CyMMAapHOM MAOTHOCTM A03bl C MOBEPXHOCTN KoM 112 [x/cm? 1 450 [xk/cm?
Ha MOPMOMYHKLMOHANIbHOE COCTOSIHME TUPEOLMTOB 1 (OOMIMKYSIOB LIMTOBUOHOW >XeNesbl B HOPME U MpU MNoTUPEOS3E.
OKCMepyMeHT NPoBeaeH Ha NabopaTopHbIX Kpbicax camuax. [MokasaHo, YTO nasepHoe BO3AENCTBUE U3MEHSAET COCTOAHNE
TUPEOLIMTOB 1 (DONIKYSOB Kak MHTaKTHOW LLIMTOBUAHOW >XXenesbl, Tak 1 npu rmnotnpeose. MNpu cpaBHeHnn addhekToB ABYX
N3y4HaeMblX PEXXVMOB NIAa3epPHOro BO3OENCTBMSA Ha LLMTOBMOHYIO »KENEe3y C SKCNepUMeHTalIbHbIM MMMOTUPEO30M MOBbILIEHNE
YHKLMN 1 pereHepaTVBHbIX MPOLECCOB >Kene3bl OTMEYEHO MPW MAOTHOCTU [03bl C MOBEPXHOCTU KOXM 112 [x/cm?,
N TOPMOXXEHME MPY MIOTHOCTU A03bl 450 [hk/cM?. TlonyyeHHble pesynstaTtbl MOryT ObiTb MCMOb30BaHbl 419 KOPPEKLMn
rMNOTUPEOD3a B KCMEPVIMEHTE.
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Hypothyroidism is an extremely common endocrine disorder.
Because of the risk of complications affecting the normal
function of other organs and systems and the lack of ideal
treatment options, clinicians of different specialties take a
serious interest in this condition [1]. There is an active ongoing
search for novel therapies, some of which are laser-based. Here,
priority is given to low-level laser therapy for the correction of
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subclinical hypothyroidism [2, 3]. High-energy laser techniques
ensuring a therapeutic effect in deep tissues are also underway
4, 5].

The thyroid is accessible to laser therapy as it lies close
to the skin surface. Laser radiation can modulate its function,
promote hormone secretion, improve microcirculation, and
stimulate tissue regeneration. These laser effects are successfully



OPUTMHAJIbHOE UCCJIEJOBAHNE | SHOOKPUHOJOIMA

exploited in the treatment of hypothyroidism and autoimmune
thyroiditis [6-10]. Some researchers believe that exposure to
photons triggers structural changes in the thyroid stroma [10],
affecting the height of the epithelium and the form and shape
of follicles.

At present, the effect of different energy densities generated
by a medium-power laser source on the functional activity of
the animal thyroid remains understudied both in healthy animals
and those with induced hypothyroidism.

The aim of this work was to study the effect of different
energy densities of medium-power infrared laser radiation
on the morphology and function of the thyroid epithelium
and follicles in healthy animals and animals with induced
experimental hypothyroidism.

METHODS

The study was conducted at the South Ural State Medical
University and the Multidisciplinary Center for Laser Medicine,
Chelyabinsk, between 2016 and 2018. We used 78 random-
bred mature male rats weighing 200 to 220 g. The animals were
kept in cages, 2-3 rats per cage, under standard day/night
lighting conditions and fed a balanced diet ad libitum. Unlike
females, male rats are not prone to hormone fluctuations and do
not have estrus. Our study was conducted in compliance with
animal welfare standards and guidelines, the Rules for Carrying
out Activities involving Experimental Animals (Addendum to
Order No. 755 of the Ministry of Healthcare of the USSR dated
September 12, 1977) and the Declaration of Helsinki (adopted
in 1964 and revised in 1975, 1983 and 1989).

The animals were divided into 6 groups:

1) intact animals, no laser treatment applied;

2) intact animals; the total energy density applied to the
thyroid was 112 J/cm? (0.5 W, 45 s);

3) intact animals; the total energy density applied to the
thyroid was 450 J/cm? (1.5 W, 60 s);

4) animals with induced experimental hypothyroidism, no
laser treatment applied;

5) animals with induced experimental hypothyroidism; the
total energy density applied to the thyroid was 112 J/cm?
(0.5W, 45 s);

6) animals with induced experimental hypothyroidism; the
total energy density applied to the thyroid was 450 J/cm?
(1.5W, 60 s);

Hypothyroidism was induced by daily oral gavage
administration of 25 mg/kg 0.5 ml thiamazole in 0.9% isotonic
sodium chloride solution prepared from Merkazolil (Akrikhin,
Russia) ex tempore; the rats received the medication for 21
days [11]. The control group received 0.5 ml 0.9% NaCl per
os for 21 days on a daily basis. Progression of hypothyroidism
was assessed based on its clinical signs (changing body mass,
appetite, fur appearance, and temperature), the morphological
examination of the thyroid and the levels of thyroid hormones
in blood serum.

The rats were irradiated with laser beams continuously for 5
days in a row, starting on day 22 of the experiment (a day after
hypothyroidism induction was finished) using the IRE-Polus
system (IRE-Polus, Russia).

The animals were anesthetized with ether and sacrificed by
cervical dislocation on days 1, 7 and 30 following the completion
of laser therapy (below referred to as days 1, 7 and 30).

Tissue samples were collected into 10% neutral buffered
formalin solution for further histological analysis. Paraffin
sections were prepared using a standard technique and then

stained with hematoxylin-eosin (pH 2.0). Microscopy was done
at 400x magnification using the DMRXA microscope (Leica,
Germany). The results were analyzed in ImageScope M, 2006
(Germany). We measured the height of the thyroid epithelium,
the minimum and maximum follicular diameters and surface
area. The height of the epithelium and follicular sizes were
measured in 10 fields of view for each sample. To assess the
functional activity of the thyroid, we used Braun’s index (the
index of colloid accumulation) calculated as the ratio of the inner
follicular diameter to two heights of the follicular epithelium and
the nucleus/cell ratio (the ratio of the nucleus area to the total
cell area expressed in percent).

The data were analyzed in Microsoft Office Excel (2007)
and SPSS Statistics 20 (2014) using non-parametric methods.
The median, upper and lower quartiles were computed. To
assess the significance of differences between the groups, we
used the Mann-Whitney U test. Differences were considered
significant at p < 0.05.

RESULTS

Histology revealed the intact lobular architecture of the thyroid
in the controls. Connective tissue septa looked well defined.
Tightly packed round and oval-shaped follicles were medium
in size. The thyrocytes were cuboidal with distinct borders,
constituting a layer of the follicular epithelium. The nuclei of the
epithelial cells were round-shaped, lying at the base. Follicular
lumens were evenly filled with purple-pink colloid, sometimes
foamy along the edges (Fig. 1).

In the rats with induced hypothyroidism the thyroid retained
its normal lobular structure. The stromal volume was increased.
Connective tissue septa separating the lobes became looser,
with areas of venous and capillary hyperemia and erythrostasis.
The follicles looked diminished in size; the colloid was light-
colored or colorless. In some fields of view the thyrocytes
appeared enlarged and had a pale foamy vacuolated
cytoplasm. There were necrobiotic cells with pale nuclei; some
of them totally lacked their nuclei (Fig. 2).

In the course of data analysis, we noticed that drug-induced
hypothyroidism had led to certain changes in the stroma and
parenchyma of the thyroid. Morphologically, the cells were
expanded in volume as a result of severe hydropic and vacuolar
degeneration. Their cytoplasm did not readily react with acid
stains and looked pale pink, whereas in the intact animals
the cytoplasm was homogenous, optically dense and readily
reacted with acid stains. The underactive thyroid contained
areas of severe degeneration and even necrobiosis or necrosis.
The organ was enlarged, mainly due to the edema. The
nucleus/cell ratio was low because of the expanded cytoplasm;
changes in the nucleus area were not so pronounced.

Comparison of histologic samples between the groups
revealed significant changes in the structural components
of the thyroid (Table 1). The height of the thyroid epithelium
shrank on days 1 and 7 but increased on day 30, whereas the
minimum and maximum follicular diameters and follicular area
diminished on days 7 and 30. The nucleus/cell ratio was low at
all stages of the experiment, while Braun’s index was increased
on day 1 and decreased on day 30, as compared with the
controls (Table 2).

Changes induced in the intact animals by the total energy
dose of 112 J/cm? followed pretty much the same pattern
throughout the experiment, except for the vascular response.
Hyperemia and distended blood vessels were observed on a
day following the start of treatment. The structure of the thyroid
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was normal. Some follicles were enlarged, the colloid was bright
pink and densely packed. The height of the epithelium was
increased, whereas the diameter and area of the follicles were
decreased in all experimental groups (Table 1). The nucleus/cell
ratio went up, while Braun’s index remained low at all stages of
the experiment (Table 2).

Exposure to the total energy density of 450 J/cm? induced
distension of the blood vessels and hyperemia in the thyroid
of intact rats early in the experiment (on days 1 and 7). Upon
irradiation the cytoplasm of the thyrocytes looked a bit swollen
and finely granular. Some cells had a columnar shape; others
were cuboidal. The colloid looked pink and fine-grained, the
follicles were homogenous. On day 30 the gland structure of
the irradiated rats was comparable to that of the controls, but
the colloid still had a grainy texture.

The height of the thyroid epithelium was increased on
days 1 and 30. Also, the minimum and maximum follicular
diameters and their area expanded during the early stages
of the experiment (days 1 and 7) and then gradually declined
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reaching below the initial values by the end of day 30. Braun’s
index was significantly increased on day 7 and low on day 30.

In the animals with induced hypothyroidism irradiated
with 112 J/cm? energies, the thyroid gland retained its lobular
architecture; the stroma was well developed and the blood
vessels were abundant (Fig. 3). The follicles were medium or
large in size on day 1 and small on days 7 and 30. The follicular
epithelium was cuboidal or prism-shaped, respectively,
occasionally showing signs of proliferation and desquamation.
The pale-blue colloid vacuolated along the edges was in
intimate contact with the follicular wall. There were islands of
the epithelium between the follicles. Although the epithelium
height was increased throughout the experiment in the animals
irradiated with 112 J/cm? energies, other studied parameters
were low, including the minimum follicular diameter (throughout
the experiment), the maximum follicular diameter (on day 1),
and the area of the follicle on days 1 and 30. Braun’s index was
significantly decreased throughout the experiment, while the
nucleus/cell ratio was increased on days 1 and 7.

Fig. 2. Hypothyroidism. Staining: hematoxylin-eosin; 400x magnification
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It the rats irradiated with 450 J/cm? energies, the stromal
blood vessels looked pronouncedly distended on day 1.
Erythrostasis, red cell sludging and small hemorrhages per
diapedesis were observed, the interstitium was moderately
edematous. The follicles had a long irregular shape and
“crinkled” walls. The thyrocytes were stricken by bad
degeneration of protein constituents and developed necrobiosis
or necrosis. Some groups of cells were desquamated into
the follicular lumen. In some follicles the colloid accumulated
along the follicle wall and was fine-grained; the lumens of other
follicles were filled with layers of desquamated cells; there
were a few almost empty lumens. On day 7 stromal venous

and capillary hyperemia and erythrostasis were still present.
Most of the follicles looked round-shaped; various degrees
of dysproteinosis were observed in the thyrocytes (Fig. 4). In
comparison with day 1, only a few follicles had desquamated
cells inside. The colloid appeared as a pale-stained streak
lying adjacent to the follicle wall in most follicles. On day 30
hyperemia was still present. The thyrocytes were cuboidal and
showed signs of dysproteinosis of various degrees in some
fields of view. The follicles had round or oval contours, the
lumens were mostly empty. In some fields of view the follicles
appeared to be filled with pale colloid and a few desquamated
thyrocytes.

Table 1. Comparative analysis of the epithelium height, diameter and area of follicles in the experimental groups of animals

Epithelium height Maximum diameter of the Minimum diameter of . .
Groups (um) follicle (urm) the follicle (um) Area of the follicle (um?)
Group 1: intact animals 5.41(4.31;6.08" | 67.25(51.83;85.20)"" | 39.85 (28.00; 65.23)"" 1936.55 (1162.15; 4469.65)""
Day 1 8.29 (7.49; 9.47)" 53.30 (40.10; 71.13) 33.85 (26.58; 39.60)% 1376.25 (847.14; 2150.53)"
Group 2: intact animals. total K w0 | w0 . w0 . 40
anorey density of 112 o Day 7 6.46 (6.05; 6.89) 41.15 (33.23; 56.53) 29.25 (22.40; 32.95) 947.22 (679.17; 1468.73)
Day30 | 6.25(5.54;6.94)%° 46.00 (33.03; 62.98)" 30.80 (25.60; 47.48)" 1123.71 (682.97; 2436.70)"
Day 1 7.78(6.74;9.27)° | 144.00 (61.25; 232.00)° | 89.80 (46.05; 151.00/® | 10329.37 (2180.74; 31121.47)%
Group 3: intact animals. total . . . .
Day 7 5.12 (4.47; 5.75)° 77.55 (60.03; 92.63)° 50.70 (38.03; 61.38) | 2917.37 (1823.94; 4287.75)%
energy density of 450 J/cm? ay ¢ ) ¢ ) ¢ ) ( )
Day30 | 8.90(7.82;9.87)° 49.15 (39.80; 56.05)* 30.15 (20.60; 36.10)* 1127.43 (658.19; 1591.63)"
Day 1 3.47 (3.03; 3.90)" 65.25 (46.43; 88.98)" 45.05 (31.98; 56.28)" 2409.08 (1196.19; 3843.20)"
Group 4: animals with induced [™p "7 4.19 (3.84; 4.66)" 47.75 (40.65; 54.38)™ 33.65 (27.53; 44.78)" 1182.59 (851.75; 1943.46)"™
hypothyroidism
Day30 | 5.87 (4.81;6.85)" 40.00 (31.15; 50.00)"* | 24.45 (20.25; 29.73) 779.69 (506.25; 1086.82)"™
Day 1 7.76 (6.81; 8.63) 40.50 (31.40; 52.83)° | 22.60 (16.28; 28.93)" 734.71 (423.79; 1153.31)"
Group 5: animals with induced - o ; o : o - o
hypothyroidism. total energy Day7 | 11.00(9.73; 12.40) 44.70 (33.83; 59.60) 27.10 (20.68; 31.20) 898.41 (623.40; 1390.14)
i 2
ay . .00; 8. . .48; 44, . .93; 25. . .05; .
density of 112 J/em Day30 | 7.63(7.00;8.27)% 37.75 (29.48; 44.35)0 21.50 (18.93; 25.05) 656.24 (464.05; 865.92)°
Day 1 6.23 (5.43; 7.33)° | 207.00 (95.53; 344.00) | 163.00 (58.35; 233.25) | 28338.69 (4115.17; 61410.05)"
Group 6: animals with induced [ o 7 [ 445 4.06; 496 | 73.85(49.08; 91.68) | 42.70 (36.45; 61.58)° | 2504.98 (1466.21; 4167.30)"
hypothyroidism. total energy
i 2
density of 450 J/em Day30 | 6.06(5.25;6.77)° 47.55 (40.48; 59.48) 24.70 (22.10; 30.18)° 979.59 (693.50; 1278.27)"

Note: 'p < 0.05, intact controls compared with animals with untreated induced hypothyroidism; #p < 0.05, irradiated animals compared with intact controls; *p < 0.05,
irradiated animals compared with animals with untreated induced hypothyroidism; %o < 0.05, comparison between the groups of irradiated animals.

Table 2. Comparative analysis of the nucleus/cell ratio and Braun’s index in the experimental groups of animals

Groups Nucleus/cell ratio Braun’s index
Group 1: intact animals 32.78 (29.25; 34.43)* 4.76 (3.76; 6.72)*
Day 1 49.04 (42.99; 55.35)% 2.95 (2.42; 3.46)*
Group 2: intact animals, total energy density of 112 J/cm? Day 7 40.04 (32.39; 43.18) 2.94 (2.54; 3.56)*
Day 30 36.19 (32.07; 43.72)° 4.37 (3.62; 4.97)°
Day 1 30.02 (25.54; 35.62)° 3.50 (3.31; 6.79)°
Group 3: intact animals, total energy density of 450 J/cm? Day 7 36.49 (26.44; 46.73) 5.97 (4.78; 7.02)*
Day 30 31.66 (25.76; 36.63)° 2.49 (2.20; 2.89)*
Day 1 14.90 (13.17; 21.21)™* 8.04 (5.74; 9.49)™
Group 4: animals with induced hypothyroidism Day 7 23.67 (18.92; 26.45)" 4.72 (4.06; 5.95)*
Day 30 23.79 (20.75; 29.64)' 2.74 (2.21; 3.28)™"
Day 1 29.82 (26.26; 36.28)" 2.46 (2.10; 2.90)*°
1G‘1rgudp;05n:12animals with induced hypothyroidism, total energy density of Day 7 29.08 (27.24; 37.89)" 1.71 (1.39; 2.05)°
Day 30 25.87 (22.42; 32.37) 2.06 (1.92; 2.39)*
Day 1 30.18 (22.63; 31.87)* 5.69 (4.64; 8.50)°
fsrguﬁCGr;?nimals with induced hypothyroidism, total energy density of Day 7 25.51 (19.50; 29.03)° 4.76 (4.23; 6.02)°
Day 30 27.33 (23.31; 33.10) 2.93 (2.57; 3.23)°

Note: 'p < 0.05, intact controls compared with animals with untreated induced hypothyroidism; #p < 0.05, irradiated animals compared with intact controls; *p < 0.05,
irradiated animals compared with animals with untreated induced hypothyroidism; % < 0.05, comparison between the groups of irradiated animals.
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DISCUSSION

The structural and functional unit of the thyroid is a follicle,
a bubble with a cavity inside. Healthy rats have round or
oval-shaped follicles evenly dispersed across the thyroid
parenchyma. The follicular wall is lined with a single layer of the
epithelium consisting of follicular thyrocytes. The cavity of the
follicle is filled with colloid secreted by thyrocytes. The height
of the epithelium, the shape and volume of the follicles change
depending on the functional state of the thyroid. In healthy
animals the thyrocytes have a cuboidal shape and colloid
production and resorption are in equilibrium. In the underactive
thyroid the epithelium becomes flat and the follicles enlarge
in size. In the hyperactive thyroid the thyrocytes acquire a
columnar shape and the follicular volume diminishes because
of colloid resorption. The functional activity of the epithelium
can be measured using the ratio of the nucleus area to the cell
area (high values mean increased activity) and Braun’s index
(low values mean increased activity).

ORIGINAL RESEARCH | ENDOCRINOLOGY

The lowered values of the nucleus/cell ratios, the shorter
height of the thyroid epithelium and increased Braun’s index,
as well as the expanded area of the follicles observed on day
1 indicate a decline in the functional activity of the thyroid
confirmed by thyroid hormone levels in the blood serum
measured in our previous work [12]. On days 7 and 30 of the
experiment the epithelium was gradually becoming taller, the
nucleus/cell ratio was growing and the maximum and minimum
follicular diameters, the area of the follicle, and Braun’s index
were decreasing, evident of thyroid recovery.

The changes occurring in the intact animals irradiated with
a total energy dose of 112 J/cm? can be explained by the
stimulating effect of laser beams that triggered a cascade of
cellular pathways improving the microcirculation of the gland
and promoting angiogenesis.

Laser photons are absorbed by membrane chromophores
that have an appropriate absorption spectrum, modifying redox
processes in the cell and affecting the permeability of calcium
channels [13, 14].

Fig. 4. The thyroid of experimental animals on day 7 after irradiation with 450 J/cm? laser beams. Staining: hematoxylin-eosin; 400x magnification
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According to the literature, among the effects of laser
radiation is stimulation of microcirculation in the thyroid
associated with the local synthesis of nitric oxide [3, 6].
Improved microcirculation promotes synthesis of thyroid hormones
by the thyroid epithelium [10, 15, 16].

In our study the changes induced in the thyroid of the intact
animals by 450 J/cm? energies were very pronounced. This can
be explained by the rough effect of laser radiation [17]. Possibly,
the use of high energy densities triggered oxidative stress and
induced irreversible changes in the membrane and structural
proteins of thyrocytes [18].

Irradiation of the underactive thyroid of experimental animals
with energy densities of 112 J/cm? led to an increase in the
epithelium height and the nucleus/cell ratio and a decrease
in the maximum and minimum diameter and area of the
follicles. Braun’s index also demonstrated a decline. All those
changes were more pronounced during the early stages of our
experiment on days 1 and 7. This suggests a stimulating effect
of a 112 J/cm? dose on the functional activity of the underactive
thyroid and characterizes processes of regeneration occurring
in the thyroid damaged by an antithyroid agent. Our previous
study [12] revealed reduced levels of the thyroid stimulating
hormone (TSH) and increased levels of free and bound T4
and T3 in the underactive thyroid exposed to 112 J/cm?
laser energies, which suggests a stimulating effect of laser
radiation.

Morphological changes occurring in the thyroid following
irradiation with 450 J/cm? energies during this study and the
results of hormone titration measured in our previous work
lead us to conclude that such irradiation downregulates the
thyroid function.

The analysis of histological sections revealed an increase
in all studied parameters, including statistically significant
changes in the epithelium height and in the minimal follicular
diameter during the early stages of the experiment (on days 1
and 7), whereas the maximum diameter of the follicle and its
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area were increased throughout the experiment. A significant
increase in the nucleus/cell ratio was observed 24 hours after
irradiation.

Comparison of two irradiation regimens applied to the
intact animals revealed that the epithelium was significantly
taller during the early stages of the experiment (days 1 and 7)
and shorter on day 30 following irradiation with 112 J/cm?
energies. The maximum and minimum diameters of the follicle
and the follicle area were decreased on days 1 and 7. Braun’s
index was low on days 1 and 7, rising by day 30. The cell/
nucleus ratio was high on days 1 and 30.

Comparison of two irradiation regimens applied to the
animals with experimentally induced hypothyroidism showed
that a dose of 450 J/cm? induced a significant decrease in the
epithelium height and an increase in other parameters observed
throughout the experiment. Braun’s index was also increased.
The nucleus/cell ratio shrank considerably on day 7.

Our study demonstrates that laser radiation has a dose-
dependent effect on the thyroid, stimulating its functional
activity at energy densities of 112 J/cm? more pronounced
during the early stages of the experiments (days 1 and 7) and
inhibiting its activity at energy densities of 450 J/cm?.

CONCLUSION

Medium-power laser radiation induces significant changes in
the morphology and function of thyroid follicles in healthy rats
and rats with induced hypothyroidism. The stimulating effect of
infrared laser beams with a total energy density of 112 J/cm?
on the underactive thyroid of male rats is more pronounced
on days 1, whereas 450 J/cm? energies suppress the thyroid
function throughout the whole follow-up period.

Our findings suggest that the use of infrared laser with a
112 J/cm? energy density on the skin surface is preferable
when studying hypothyroidism treatment options in the
experimental setting.

9. Weber JB, Mayer L, Cenci RA, et al. Effect of three different
protocols of low-level laser therapy on thyroid hormone production
after dental implant placement in an experimental rabbit model.
Laser Surg. 2014; 32 (11): 612-17.

10. Aristarkhov VG. Rekomendatsii po primeneniyu infrakrasnogo
lazernogo izlucheniya u bol'nykh s patologiey shchitovidnoy
zhelezy. V sbornike: Materialy nauchno-prakticheskoy konferentsii
GBOU VPO RyazGMU Minzdrava Rossii; 2014 g.; Ryazan'. RIO
RyazGMU 2014. Russian.

11. Isman CA, Yegen BC, Alican I. Methimazole-induced hypothyroidism
in rats ameliorates oxidative injury in experimental colitis. J
Endocrinol. 2003; 177 (3): 471-76.

12. Smelova IV, Golovneva ES. Dinamika funktsional'noy aktivnosti
tireotsitov pri izmenenii morfofunktsional'nogo sostoyaniya
tuchnykh kletok shchitovidnoy zhelezy pod vozdeystviem
infrakrasnogo lazermnogo izlucheniya. Vestnik RGMU. 2016; 6: 39-44.

13. Chaves ME, Araujo AR, Piancastelli AC, et al. Effects of low-
power light therapy on wound healing: LASER x LED. An Bras
Dermatol. 2014; 89 (4): 616-23.

14. Zalesskiy VN. K 50-letiyu lazernoy meditsiny: molekulyarnye
mekhanizmy lazernoy biostimulyatsii. Ukrainskiy meditsinskiy
zhurnal. 2010; 5 (79): 52-58.

15.  Pinheiro AL, Browne RM, Frame JW, et al. Mast cells in laser and
surgical wounds. Braz Dent J. 1995; 6 (1): 11-16.

16. Kozel Al, Solovyeva LI, Popov GK. K mekhanizmu deystviya
nizkointensivnogo lazernogo izlucheniya na kletku. Byulleten'
eksperimental'noy biologii i meditsiny. 1999; 128 (10): 397-399.

BULLETIN OF RSMU | 3, 2018 | VESTNIKRGMU.RU



ORIGINAL RESEARCH | ENDOCRINOLOGY

17.

Golovneva ES, Shakirov NN, Kravchenko TG, Omelyanenko AG,
Popova IA. Vliyanie mnogokratnogo infrakrasnogo lazernogo
oblucheniya zon lokalizatsii krasnogo kostnogo mozga na
pokazateli eritrotsitarnogo zvena perifericheskoy krovi. Lazernaya
meditsina. 2013; 17 (4): 33-35.

Jutepatypa

1.

2.

10.

Abaynxabuposa @. M. [MNoTpeos 1 6epemMeHHOCTb. MoMMKMHVIKA.
2014; 5: 16-18.

MysnH O. A., Apuctapxos B. I, Apuctapxos P. B., Ksacos A. B.
[MpUMEHeHNe HN3KOMHTEHCVBHON fasepoTepannu B fIeHeHnn
CYBKIIMHNYECKOrO MMNoTUPeo3a pasnnyHon sTronorvn. JlasepHas
mMegvumHa. 2017; 21 (1): 11-14.

MocksuH C. B. OddekTnBHOCTb NazepHon Tepanum. Cepus
«9hdexTnBHas nasepHas Tepanvist». M.: M13patenscTBo «TBepb»;
2015 (2).

KpasyeHko T. I, BapeauHa A. C., lTonoeHesa E. C. OueHka rmyburHb!
MPOHVKHOBEHWSI Na3epHOr0 U3NyYeHns Mpy TepaneBTUHECKOM
BO3[ENCTBMN METOAOM  KOMMBIOTEPHOrO  MOAENMPOBaHUS.
BecTHWK HOBbIX MeaMUMHCKIX TexHonorui. 2007; 14 (2): 202-4.
Kpasuerko T. I, KygpuHa M. T, TyxuHa A. O., Monos I K.,
[onoeHega E. C. JlokanbHble apdeKTbl CUCTEMHOMO Na3epHOro
06My4eHVs MOBbILLEHHOW MOLUHOCTW. BecTHWK ypanbckoi
axkagemuyeckon Hayku. 2012; 2 (39): 126-27.

Hofling DB, Chavantes MC, Juliano AG, Cerri GG, Knobel M,
Yoshimura EM, et al. As sessment of the effects of low-level laser
therapy on the thyroid vascularization of patients with autoimmune
hypothyroidism by color Doppler ultrasound. ISRN Endocrinol.
2012 Dec 17: 1-9. PubMed PMID: 23316383.

Hofling DB, Chavantes MC, Acencio MM, et. al. Effects of low-level
laser therapy on the serum TGF-B concentrations in individuals
with autoimmune thyroiditis. Laser Surg. 2014; 32 (8): 444-49.
Morcos N, Omran M, Ghanem H, Elahdal M, Kamel N, Attia E.
Phototherapeutic Effect of Low-Level Laser on Thyroid Gland of
Gamma-Irradiated Rats. J Photobiol. 2015; 91 (4): 942-51.
Weber JB, Mayer L, Cenci RA, et al. Effect of three different
protocols of low-level laser therapy on thyroid hormone production
after dental implant placement in an experimental rabbit model.
Laser Surg. 2014; 32 (11): 612-17.

ApucTapxos B. I PekomeHgaLymm no npuMeHeHno H(PaKpacHoro

BULLETIN OF RSMU | 3, 2018 | VESTNIKRGMU.RU

18.

11.

12.

13.

14.

15.

16.

17.

18.

Sun X, Wu S, Xing D. The reactive oxygen species-Src-Stat3
pathway provokes negative feedback inhibition of apoptosis
induced by high-fluence low-power laser irradiation. FEBS J.
2010; 277 (22): 4789-802.

Ia3ePHOro M3My4eHnst y 60MbHbIX C MaToNorven LLMTOBMOHON
enesbl. B cbopHuke: Matepuanbl Hay4YHO-MPaKTU4ECKOW
KoHbepeHumn N'BOY BINO Pasl MY Munagpasa Poccun; 2014 r;
PazaHb. PO PaslMy 2014.

Isman CA, Yegen BC, Alican |. Methimazole-induced hypothyroidism
in rats ameliorates oxidative injury in experimdental colitis. J
Endocrinol. 2003; 177 (3): 471-6.

Cwmenosa V. B., TonosHesa E. C. duHamuka hyHKLIMOHANBHOM
aKTVBHOCTY TVPEOLIMTOB MPY M3MEHEH MOPMO(YHKLIOHABHOTO
COCTOSHUS TyHHbIX KIETOK LLTOBWOHOM >KeNe3bl Mo, BO3AEACTBMEM
MH(PpaKpacHOro na3epHoro nanyderns. BectHuk PIMY. 2016; 6:
39-44.

Chaves ME, Araujo AR, Piancastelli AC, et al. Effects of low-
power light therapy on wound healing: LASER x LED. An Bras
Dermatol. 2014; 89 (4): 616-23.

3anecckuni B. H. K 50-netuio nasepHo MeayLHbI: MOIEKYNISPHbIE
MeXaH13Mbl N1a3ePHON BUOCTUMYSLMN. YKPAUHCKUIA MEAULIMHCKIAA
XypHan. 2010; 5 (79): 52-58.

Pinheiro AL, Browne RM, Frame JW, et al. Mast cells in laser and
surgical wounds. Braz Dent J. 1995; 6 (1): 11-16.

Kozenb A. ., Conosbega J1. W., Mornos I K. K mexaHn3my
[ENCTBMSA HU3KOVMHTEHCUBHOMO 1a3€PHOM0 M3MyYeHNs Ha KIETKY.
BronneteHb aKcnepumMeHTanbHOM 61onorny 1 MeguuyHbl. 1999;
128 (10): 397-9.

[onoeHega E. C., LLaknpos H. H., KpasyeHko T. . OmenbsiHeHko A. T,
[Monosa V. A. BimsHmne MHOrOKpaTHOro MH(pakpacHOro Nia3epHOro
06ny4eHNs 30H JNoKaNM3aLMn KPacHOro KOCTHOrO Mo3ra Ha
rokasaTtefi 3pUTPOLIMTAPHOrO 3BEHa NepUDEPUHECKON KPOBY.
NagepHasa meguumHa. 2013; 17 (4): 33-35.

Sun X, Wu S, Xing D. The reactive oxygen species-Src-Stat3
pathway provokes negative feedback inhibition of apoptosis
induced by high-fluence low-power laser irradiation. FEBS J.
2010; 277 (22): 4789-802.




