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DYNAMICS OF FUNCTIONAL ACTIVITY OF THYROCYTES IN THE SETTING
OF CHANGING MORPHOFUNCTIONAL ACTIVITY OF MAST CELLS
OF THE THYROID GLAND UPON INFRARED LASER THERAPY

Smelova IV'®, Golovneva ES?

"Multi-specialty Center of Laser Medicine, Chelyabinsk, Russia
2South Ural State Medical University, Chelyabinsk, Russia

Exposure to laser radiation is an interesting method of treating hypothyroidism and autoimmune thyroiditis. Its effect depends
on the applied radiation dose. Degranulation of stromal mast cells of the thyroid gland (mastocytes) is dose dependent; release
of granular contents into the surrounding tissues may affect microcirculation, result in the increased activity of the thyroid
epithelium or stimulate the thyroid. Our study aimed to investigate the effect of moderate-intensity infrared laser radiation at total
surface doses of 112 and 450 J/cm? on the functional state of mast cells and blood serum levels of thyroid gland hormones
in healthy and hypothyroid subjects. The experiment was carried out in 78 random-bred mature male rats. Hypothyroidism
was modeled by per os administration of 25 mg/kg Mercazolil (Akrikhin, Russia) for 21 days. Radiation therapy was performed
using a IRE-Polus laser with a wavelength of 970 nm (NTO IRE-Polus, Russia). The animals received radiation therapy for
5 days and were sacrificed 1, 7, and 30 days after the experiment. Subsequently, we calculated the total number of mast cells,
degranulated mastocytes, mastocytes with degree 1, 2 and 3 degranulation, degranulation coefficient, and levels of TSH in
blood serum. Mast cells of the intact thyroid gland demonstrated low sensitivity to laser radiation, but hormone levels changed
soon after radiation was discontinued. In the animals with hypothyroidism induced by thiamazole (the active component of
Mercazolil), activation of mast cells was observed in the recovery period after the drug was discontinued. Hypothyroidism was
accompanied by changes in TSH, T, and T, levels in blood serum. Comparison of the effects of two laser therapy modes in
the animals with induced hypothyroidism revealed increased functional activity of mastocytes and normalized levels of secreted
hormones at a total dose of 112 J/cm? and reduced mast cell activity at a total dose of 450 J/cm?.
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AWHAMUKA ©YHKLIUOHAABHON AKTUBHOCTU TUPEOLIUTOB MPU U3MEHEHUU
MOP®O®YHKLUOHAABHOIO COCTOSAHUA TYYHbIX KAETOK LLUTOBUAHOM
XXEAE3bl NOA BOSAEUCTBUEM UH®PAKPACHOIO AASEPHOIO U3SAYMEHUSA

/. B. Cmenosa' = E. C. lonosHeBa?

T MHoronpounbHbIN LEHTP NasepHon MeamLmMHbl, HensbunHck
2 KO)KHO-YpanbCKuii rocyaapCTBEHHBIV MEAULIMHCKNA YHUBEPCUTET, HYensabuHCK

JlazepHoe BO3OeNCTBME MPEOCTaBNAET MHTEPEC B Ka4ECTBE METOMA Tepanuy rMnoTUpeosa 1 ayTOMMMYHHBIX TUPEOVANTOB.
Ero athexkTMBHOCTb 3aBUCUT OT MPUMEHSIEMON 003bl U3NyYeHns. [erpaHynaums CTPOMabHBIX TyYHbIX KIETOK LLMTOBUAHON
»Kenesbl (MacToLMTOB) SBNSETCS A0303aBUCHMbIM MPOLIECCOM, a MonafaHne COQEPKMOro KIETOYHbIX MPaHy B OKPY»Kato-
LLYE TKaHW MOXKET MPUBECTN K N3MEHEHNIO MUKPOLIVIPKYALMN, MOBLILLEHWIO aKTUBHOCTY TUPEONOHOMO SMNTEING U YCUIIEHWIO
SHOOKPVHHOM (OYHKLMN >xenesbl. Liensio nccnenoBanna SBNsnoch U3yHeHne BAMAHNS MHPPAaKPaCHOro Na3epHOro 06yHeHns
CpenHen MHTEHCUBHOCTY MPW CyMMapHOW MMOTHOCTU A03bl C MOBEPXHOCTU KOXM 112 1 450 [k/cm? Ha hyHKUMOHabHOE
COCTOSAHME TYYHbIX KIETOK U COOEP>KaHVe rOPMOHOB LLMTOBUAHOW XeNe3bl B CbIBOPOTKE KPOBW B HOPME 1 MPU MMNOTUPEO-
3e. OKCMepuMeHT NpoBenu Ha 78 6eCnopOAHbIX MOTOBO3PESbIX CaMLiaX KpbIChl. [MNOTUPE03 MOAENMPOBaN NepopasibHbIM
BBefeHnemM «Mepkagonuna» («AKpuxuH», Poccust) B 4o3e 25 MI/kr B TeveHne 21 gHa. ObiydeHve NpousBoanuav C UCMOsb-
30BaHvemM annapata «/IP3-IMontoc» ¢ gimHom BosHbl 970 HM (HTO «P3-Montoc», Poccust) exkeaHeBHO B TedeHue 5 aHen.
7KVBOTHBIX BbIBOANN 13 aKcnepumeHTa Ha 1, 7 1 30 cyTku. MNoacHmTeiBany obLuee KONMHECTBO TyHYHbIX KIETOK, KONMMYECTBO
OerpaHyIMpoBaHHbIX MACTOLMTOB, KOMYECTBO MacToumToB |, Il v lIl cTeneru gerpaHynaummn, KOSMMUUMEHT OerpaHynaLmm,
a TaKkKe COAePKaHne B CbIBOPOTKE KPOBW TUPEOTPOMHbBIX TOPMOHOB. [10Ka3aHO, YTO Ty4HbIE KNETKW MHTAKTHOW LLIUTOBUOHOM
»KeNesbl ManovyBCTBUTENbHBI K TA3EPHOMY BO3AEMCTBUNIO, HO FOPMOHASTBHBIV MPOdUITb USMEHSETCHA B PaHHNE CPOKM Mocne
o6nyyeHvs. [Npy MoOgenMpoBaHM MMNoTMPeosa TMaMasosnoM (OeNCTBYIOLLIEE BELLECTBO «Mepkasonuna») MPOUCXOaUT akTu-
BaLMA Ty4YHbIX KIIETOK B BOCCTaHOBUTENBHOM NMepUoe MOoce npekpaLlieHns gadv npenapara. MogenmposaHue rmnotipeosa
COMPOBOXIAETCS M3MEHEHNEM COLIePKaHNsi B CbIBOPOTKE KpoBuM ropmoHoB TTT, T, n T,. [py cpaBHeHWM pesyssraToB BO3-
OEVICTBUS OBYX PEXMMOB JTA3EPHOMO N3MYHEHVA Ha XKENe3y XXMBOTHbLIX C SKCMEPUMEHTASIbHBIM MMMNOTUPEO30M OTMEHYAETCH
MOBbILLEHNE (DYHKLMOHAIBHOM aKTUBHOCTY MaCTOLIMTOB 1 HOPMaIM3aums YPOBHS FOPMOHaIbHOM CEKPELMM MPY CyMMapHOWN
MNOTHOCTM A03bl 112 [DK/CM? 1 CHXKEHNE aKTUBHOCTM TyYHbIX KIETOK MPY CYMMAPHON MAIOTHOCTY A03bl 450 [hx/cm?2.
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Over the last decade, new laser-based technologies have
become increasingly integrated into clinical routine. In addition
to popular low-level lasers [1], high-power lasers are also
employed by new treatment techniques to achieve therapeutic
effects in deep tissues [2, 3].

Because the thyroid gland is a superficial organ, laser beams
can easily reach it percutaneously. Laser radiation modulates
thyroid function, stimulates secretion of thyroid hormones,
improves microcirculation in the thyroid and produces a positive
effect on tissue repair; it is widely used to treat hypothyroidism
and autoimmune thyroiditis [4-7]. Some researchers associate
structural changes in the thyroid epithelium with the effect
of light photons on the thyroid stroma and its immune cells
in particular. It is known that low-level laser irradiation of the
thyroid stimulates secretion of thyroid hormones [8].

Thyroid hormones work by binding to the receptors in the
cell nucleus; they regulate metabolism, control enzyme activity,
and stimulate tissue growth, development and differentiation.
Unqguestionable is the effect of the thyroid hormones on the
central and peripheral nervous systems, higher nervous activity
and other endocrine glands.

The major function of the thyroid stimulating hormone
(TSH) produced by the anterior pituitary is to exert a feedback
control over synthesis and release of thyroid hormones. Thyroid
function can be evaluated by thyroxine (T,) and triiodothyronine
(T,) levels in blood serum, especially by measuring their
unbound fractions which are a reliable indicator.

Stromal mast cells produce a variety of mediators, cytokines
and enzymes, which determines the wide range of their
activities. They were shown to participate in microcirculation
and angiogenesis, tissue response to extreme conditions,
inflammation and allergic reactions [9]. Bioactive substances
released by degranulating mast cells affect the microvasculature
and follicular epithelium, play an important role in the reparative
regeneration of the thyroid and can change its functional
activity [10]. Exposed to a laser, mast cells degranulate [11, 12].

The effect of varying doses of medium-level laser
radiation on the functional activity of thyroid mast cells is still
understudied. The aim of this work was to investigate the effect
of different doses of medium-level infrared laser radiation on
the functional activity of stromal mast cells by the assessment
of their degranulation degree and on the functional activity of
thyrocytes by the assessment of blood serum levels of thyroid
hormones in healthy and hypothyroid subjects.

METHODS

The experiment was carried out in 78 random-bred adult male
rats (body weight of 200-220 g) who were housed in cages,
2-3 animals per cage, ad libitum, under standard lighting
conditions (day/night) and received a balanced diet. The
experiment complied with 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 revisions of the years 1975, 1983 and 1989
of The Declaration of Helsinki (1964).

The animals were divided into 6 groups: 1) intact animals;
2) animals with induced hypothyroidism; 3) intact animals
who received a total radiation dose of 112 J/cm? (exposure
time of 45 g); 4) intact animals who received a total radiation
dose of 450 J/cm? (exposure time of 60 s) 5) animals with
induced hypothyroidism who received a total radiation
dose of 112 J/cm? (exposure time of 45 s); 6) animals with
induced hypothyroidism who received a total radiation dose of
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450 J/cm? (exposure time of 60 s). The animals were irradiated
5 days in a row; irradiation started one day after the induction of
hypothyroidism. We used the IRE-Polus laser with a wavelength
of 970 nm (IRE-Polus, Society for Research and Technology,
Russia). The chosen irradiation mode with a total dose of
450 J/cm? did not cause any thermal damage to thyroid tissues.

Hypothyroidism was induced by a 21-day oral
administration of 25 mg/kg Mercazolil (thiamazole by Akrikhin,
Russia) by gavage [13]. Intact animals received the same dose
of 0.9 % sodium chloride per os. Hypothyroidism progression
was assessed by its clinical signs: changing body weight,
appetite, hair condition, and temperature, considering thyroid
morphology and the levels of thyroid hormones in blood serum.
The animals were anesthetized with ether and sacrificed by
cervical dislocation 1, 7 and 30 days after laser treatment
was over.

Tissue samples were placed in 10 % neutral buffered
formalin, and standard paraffin sections were prepared.
The sections were then stained with hematoxylin-eosin and
toluidine blue (pH = 2.0). Microscopy was performed using
the DMRXA microscope (Leica, Germany). Images were
transmitted to and analyzed by the DiaMorph Cito-W software
(Russia). The morphometric analysis determined the total
number of mast cells and the number of mast cells at different
degranulation stages; the value of the degranulation coefficient
was calculated. Mast cells were counted in 10 fields of view
in each paraffin section; their number was then expressed
as cells per 1 mm?2. Mast cells were subgrouped depending
on their degranulation degree: 1) 1st degree — 1-2 granules
outside the cytoplasm; 2) 2" degree — 3-10 granules outside
the cytoplasm; 3) 3 degree— over 10 granules outside the
cytoplasm. The degranulation coefficient was calculated as a
ratio of degranulated cells to the total number of mast cells.

The levels of thyroid hormones in blood serum were
measured by enzyme immunoassay using the fully automated
Personal LAB analyzer (Adaltis, Italy) and two reagent Kits:
one kit by Cusabio Biotech (China) was used to determine
TSH levels, and the other by Vector-Best (Russia) was used
to measure the levels of bound and unbound thyroxine and
triiodothyronine.

Nonparametric statistical analysis was performed using
Microsoft Excel and SPSS Statistics 20 (IBM, USA). The
median, the upper and lower quartiles were calculated. To
assess the significance of difference, Mann-Whitney U-test
was used. Difference was considered significant at p <0.05.

RESULTS

The total number of thyroid mast cells did not differ significantly
in the untreated hypothyroid animals and the intact animals
(Table 1). The number of mast cells of the 1%t degree of
degranulation was lower in the animals who were sacrificed
1 day after hypothyroidism induction was completed compared
to the intact animals (Table 2). The same experimental groups
demonstrated a statistically significant increase in the number
of mast cells of the 2" and 3 degrees of degranulation and the
increased value of the degranulation coefficient in the animals
sacrificed 1 month after irradiation.

Unbound T, was significantly reduced and TSH was
significantly elevated in the hypothyroid animals compared to
the intact animals regardless of the time of sacrifice (Table 3).

No changes in the number of mast cells and their activity
were observed in the thyroid of the irradiated intact animals
sacrificed in the early stages of the experiment (24 hours and
7 days after irradiation) regardless of the total radiation dose
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Table 1. Comparison of animal groups by the total number of mast cells, including degranulated cells, and the degranulation coefficient

Group

(per mm?)

Total number of mast cells

Number of degranulated
mast cells (per mm?)

Degranulation
coefficient

Group 1: intact animals

15.4 (7.48;21.78)

5.06 (4.07;10.56)"'

0.53 (0.35;0.58)""

dose of 112 J/cm?

Group 2: intact animals; a total radiation

24 hours after the experiment

8.58 (7.32;15.02)

4.07 (3.52;6.44)

0.45 (0.38;0.55)

1 week after the experiment

10.78 (7.59;16.61)

6.27 (4.84;11.66)

0.66 (0.53;0.73)

1 month after the experiment

18.15 (15.90;23.05)

12.87 (10.45;15.62)"°

0.71 (0.59;0.80)"°

dose of 450 J/cm?

Group 3: intact animals; a total radiation

24 hours after the experiment

11.65 (9.96;11.88)

3.30 (2.64;6.11)

0.40 (0.23;0.57)

1 week after the experiment

13.20 (7.87;16.34)

3.96 (3.69;11.72)

0.46 (0.30;0.72)

1 month after the experiment

12.54 (8.36;19.03)

4.84 (2.42;8.36)°

0.36 (0.30;0.49)°

Group 4: animals with induced
hypothyroidism

24 hours after the experiment

13.86 (8.75;14.19)"

5.83 (5.34;6.82)"

0.47 (0.40;0.71)*

1 week after the experiment

12.87 (8.47;16.23)

6.60 (5.17;11.61)

0.67 (0.39;0.79)

1 month after the experiment

17.60 (16.28;20.68)*

14.74 (11.66;15.62)"*

0.84 (0.73;0.92)"*

Group 5: animals with induced

of 112 J/cm?

hypothyroidism; a total radiation dose

24 hours after the experiment

18.81 (16.78;20.85)*

17.05 (15.24;18.87)°

0.91 (0.90;0.91)*°

1 week after the experiment

12.21 (11.06;16.17)°

0.82 (0.78;0.87)°

1 month after the experiment

(

(
15.51 (13.59;18.59)"
12.32 (10.34;15.18)*

10.78 (9.57;12.87)*°

0.86 (0.83;0.95)°

Group 6: animals with induced

of 450 J/cm?

hypothyroidism; a total radiation dose

24 hours after the experiment

10.34 (8.58;14.41)"

6.27 (4.57;8.31)°

0.55 (0.52;0.66)°

1 week after the experiment

9.35 (6.44;10.29)"

5.28 (3.80;6.60)°

(
(
(
(

0.60 (0.55;0.65)°

1 month after the experiment

15.18 (14.63;16.06)

5.17 (4.57;5.94)*°

0.35 (0.29;0.40)°

Notice. Data are presented as a median (lower quartile; upper quartile)

" — p <0.05 when comparing groups 4 and 1;

#
*
o

— p <0.05 when comparing groups 2 and 3 with group 1;
— p <0.05 when comparing groups 5 and 6 with group 4;
— p <0.05 when comparing group 2 with group 3 and group 5 with group 6.

Table 2. Comparison of animal groups by the number of mast cells depending on their degree of degranulation

Group

1¢t degree of
degranulation. number
of mast cells

2nd

degree of degranulation.
number of mast cells

3 degree of degranulation.
number of mast cells

Group 1: intact animals

2.64 (2.31;4.40)"

1.54 (0.88;2.53)""

0.44 (0.33;4.40)"

Group 2: intact animals; a total
radiation dose of 112 J/cm?

24 hours after the experiment

1.21 (0.44;3.47)¢

0.99 (0.44;1.38)

2.64 (1.49;3.41)°

1 week after the experiment

3.96 (1.93;6.16)

2.64 (1.60;4.35)

1.87 (1.21;3.52)

1 month after the experiment

5.06 (4.40;6.05)"°

4.51 (2.86;5.45)"

3.19 (1.87;5.39)

Group 3: intact animals; a total
radiation dose of 450 J/cm?

24 hours after the experiment

1.76 (1.54;2.64)

2.42 (1.43:4.07)

0.22 (0;0.94)°

1 week after the experiment

3.30 (2.15;4.68)

2.09 (1.27;3.08)

0.22 (0.17;4.24)

1 month after the experiment

0.88 (0.55;1.43)°

1.98 (0.66;2.64)°

1.54 (1.21;4.51)

Group 4: animals with induced
hypothyroidism

24 hours after the experiment

1.54 (1.16;1.93)"*

2.42 (1.60;3.74)"

1.87 (0.99;2.75)*

1 week after the experiment

3.63 (2.09;6.60)

2.42 (1.71;3.91)

1.65 (1.21;3.30)*

1 month after the experiment

3.52 (1.98;3.96)

4.84 (1.98;5.50)"*

5.94 (5.06;10.12)"*

Group 5: animals with induced
hypothyroidism; a total radiation
dose of 112 J/cm?

24 hours after the experiment

4.07 (3.14;5.01)*°

4.73 (4.46;5.01)°

8.25 (7.32;9.19)*°

1 week after the experiment

4.29 (2.53;4.90)°

3.96 (2.75;6.82)°

4.07 (3.30;6.82)"

1 month after the experiment

3.74 (3.41;4.18)°

3.30 (2.75;3.63)°

3.74 (2.31;6.16)"

Group 6: animals with induced
hypothyroidism; a total radiation
dose of 450 J/cm?

24 hours after the experiment

1.10 (0.94;1.76)°

1.98 (1.16;5.45)°

2.75 (2.64;5.83)°

1 week after the experiment

1.87 (1.21;5.50)°

1.21 (0.88;1.71)*°

2.86 (1.21;3.69)

1 month after the experiment

1.65 (0.66;1.98)°

1.32 (0.88;5.39)"°

2.75 (1.54;3.96)"

Notice. Data are presented as a median (lower quartile; upper quartile)

T — p <0.05 when comparing groups 4 and 1;

#—p <0.05 when comparing groups 2 and 3 with group 1;
* — p <0.05 when comparing groups 5 and 6 with group 4;
° —p <0.05 when comparing group 2 with group 3 and group 5 with group 6.

applied. However, there were fewer mast cells of the 15t degree
of degranulation in the thyroid of the animals sacrificed 1 day
after receiving a total dose of 112 J/cm? (Table 2). On day
30 after irradiation with a total dose of 112 J/cm?, the total
number of degranulated mast cells and mast cells of the 2™
and 3 degrees of degranulation, as well as the value of the
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degranulation coefficient, were increased, but the number
of the cells of the 1t degree of degranulation was low. The
total number of mast cells in the thyroid of the irradiated intact
animals did not change significantly on day 30 after irradiation.

Blood samples collected 24 hours after irradiation showed
that laser treatment of the thyroid of the intact animals with



a total dose of 112 J/cm? resulted in reduced TSH levels in
blood serum, increased levels of unbound T, and increased
levels of total and unbound T, (Table 3).

The subgroup of the hypothyroid animals who received
112 J/cm? irradiation and were sacrificed 24 hours after
demonstrated a statistically significant increase in the total
number of mast cells, the total number of degranulated
mast cells of all degranulation degrees and the value of
the degranulation coefficient (compared to the untreated
hypothyroid rats) (Tables 1, 2) A month after laser treatment, we
observed a statistically significant decrease in the total numbers
of mastocytes, degranulated mast cells and mastocytes of the
3rd degree of degranulation. We also observed a statistically
significant change in hormone levels: lower TSH and elevated
unbound and bound T, and T, in the animals sacrificed a week
and a month after irradiation.

Hypothyroid animals treated with a total dose of 450 J/cm?
were found to have decreased levels of mast cells of the 2™
degree of degranulation a week after treatment; a month after
irradiation, the number of total degranulated mast cells and
mast cells of the 2"* and 3 degrees of degranulation, the value
of the degranulation coefficient and hormone levels in those
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animals were also low compared to the untreated hypothyroid
rats (Tables 1, 2).

Comparison of different groups of animals with induced
hypothyroidism who received the identical laser dose
revealed that 450 J/cm? radiation led to the reduced number
of degranulated mast cells, lower value of the degranulation
coefficient and lower levels of hormones regardless of the time
of sacrifice.

DISCUSSION

Thiamazole inhibits production of hormones by thyroid cells by
blocking the activity of the peroxidase enzyme that mediates
thyronine iodination necessary for the biosynthesis of T, and
T,, and thus causes hypothyroidism. Mast cells can participate
in the paracrine regulation in healthy and hypothyroid subjects
due to a large amount of bioactive substances contained in
their granules. Degranulation of mast cells can be activated
by cytokines, hormones and neuropeptides. This leads us to
hypothesize that there may be an association between the
functional status of stromal mast cells and the functional status
of thyrocytes. This hypothesis needs to be tested.

Table 3. Levels of TSH, total (tot) and unbound (unb) thyroxine (T4) and triiodothyronine (T3) in the blood serum of experimental animals

Group TSH (mU/)

T4 (unb) (pmol/l)

T4 (tot) (nmol/l) T3 (unb) (pmol/l) T3 (tot) (nmol/l)

Group 1: intact animals 0.28 (0.21;0.75)*"

18.87 (14.32;20.93)""

64.29

(39.20:138.27) | 209 (1.64:2.59)""

1.30 (0.96;1.39)*'

24 hours after

. #o0
the experiment 0.19(0.12;0.25)

27.07 (22.60;27.67)"

72.45 (69.90;78.06)° | 4.63 (4.52;6.59)*° | 1.89 (1.51;2.02)*

Group 2: intact animals;
a total radiation dose
of 112 J/cm?

1 week after

the experiment 0.21(0.09;,0.26)

19.55 (18.87;21.67)

90.82 (76.53;91.33)° | 4.48 (4.35;4.82)*° | 2.05 (1.81;2.47)*

1 month after

the experiment 0.42 (0.31:0.45)

23.87 (23.40;24.80)"°

77.36 (75.00;78.06) | 4.21(3.59;4.77)" | 2.10 (2.05;2.46)"

24 hours after

the experiment 0.72 (0.49,0.83)

15.85 (12.60;24.54)

22.40

(10.00-44.41)5 2.53 (1.96;2.74)°

1.21(0.94;1.74)

Group 3: intact animals;
a total radiation dose
of 450 J/cm?

1 week after

. #,0
the experiment 1.49 (1.22;1.57)

20.40 (15.59;26.66)

58.02 (46.99;62.76)° | 2.32(2.21;2.48)° | 2.03 (1.88;2.17)*

1 month after

< #,0
the experiment 0.10(0.06;0.20)

22.00 (18.11;23.07)°

86.74 (75.00;93.37) | 4.72 (4.62;4.95) | 2.10 (1.93;2.40)"

24 hours after

. 1%
the experiment 1.52(1.27:1.75)

10.39 (7.61;14.87)"*

25.96 (19.59;35.04)" | 3.23 (3.08;3.50)"* | 1.53 (1.21;1.78)"*

1 week after
the experiment

Group 4: animals with

. 1%
induced hypothyroidism 1.24 (1.17:1.39)

5.64 (4.62;7.78)"*

23.83

(2.024n a5 | 2982393147

1.44 (1.32;1.95)"*

1 month after

. 1%
the experiment 2.36 (2.32;2.44)

5.41 (5.07;8.45)"*

57.30 (41.51;77.48)" | 2.74 (2.64;3.12)'* | 0.99 (0.81;1.00)*

24 hours after

the experiment 0.38 (0.20;0.63)

6.92 (5.16;8.65)

30.24 (24.03;59.13) | 2.96 (2.64;3.83) | 1.56 (1.06;1.95)°

Group 5: animals with
induced hypothyroidism;

1 week after

the experiment 0.34 (0-30,0.45)"

10.41 (8.91;11.29)*°

51.22

(4380200 | 389 (372444

2.68 (2.49;2.71)°

a total radiation dose

2
of 112 J/cm 1 month after

the experiment 0.19(0.10,0.57)

12.21 (11.80;12.97)°*

30.42 (28.74;41.43)" | 3.57 (3.40;4.07)*° | 1.77 (1.37;1.96)"

24 hours after

the experiment 0.61(0-36,0.71)

Group 6: animals with

6.76 (6.46;7.68)"

38.33 (32.40;48.19) | 3.76 (3.51;4.20)" | 2.94 (2.65;3.44)*°

1 week after
the experiment

induced hypothyroidism;

a total radiation dose 0.51(0.43,0.57)"

6.52 (4.57;8.33)°

13.92

(12781475 2.55 (2.49:2.71)

2.14 (1.79;2.22)°

2
of 450 J/cm 1 month after

the experiment 0.42(0.31:0.70)

9.26 (8.65;11.56)°

30.10 (29.14;34.64)" | 2.96 (2.74;3.04)° | 1.83 (1.77;2.10)

Notice. Data are presented as a median (lower quartile; upper quartile)

T — p <0.05 when comparing groups 4 and 1;

— p <0.05 when comparing groups 2 and 3 with group 1;

— p <0.05 when comparing groups 5 and 6 with group 4;

— p <0.05 when comparing group 2 with group 3 and group 5 with group 6.

#
*
o
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Based on the obtained data, we can assume that the
absence of significant changes in the degranulation degree
of mast cells observed in the hypothyroid animals sacrificed
24 hours after hypothyroidism induction, compared to the
intact irradiated animals, is an indirect evidence of the inhibiting
effect of thiamazole on the functional activity of both thyrocytes
and mast cells. The increased number of mast cells of the
2 and 3 degrees of degranulation and the high value of
the degranultation coefficient observed a month after irradiation
may reflect the regenerative process in the thyroid triggered
in response to the damaging effect of the thyrostatic agent
and may be considered an indicator of increasing thyroid
activity [10].

Lower levels of unbound T, and elevated levels of TSH in
the hypothyroid animals (in comparison with the intact rats)
regardless of the time of sacrifice indicate disease progression
and suppression of the compensatory mechanisms. Elevated
levels of T, may indicate increased T, deiodination in peripheral
tissues aimed to restore their regulatory functions.

The observed activation of mast cells in the thyroid of the
animals with induced hypothyroidism treated with a radiation
dose of 112 J/cm? and sacrificed 24 hours after treatment, low
TSH levels and increased levels of bound and unbound T, and
T, a week and a month after irradiation prove that this dose
stimulates mast cells and has a positive effect on the functional
activity of thyrocytes in hypothyroid subjects. In contrast, at a
higher radiation dose of 450 J/cm?, mast cell degranulation
was less intense and hormone levels were decreased, which
leads us to conclude the activity of mast cells, as well as the
activity of the entire thyroid, was inhibited.

The literature reports the stimulating effect of low-level and
high-level lasers on the degranulation of mast cells in different
tissues [11-13]; however, in those experiments high-level laser
radiation induced thermal damage to tissues. Heating the tissue
up to a temperature at which protein coagulation was observed
(or to higher temperatures) activated mast cell degranulation.
Tissue precooling was shown to decrease the level of mast
cell degranulation [14]. The laser irradiation mode selected for
our experiment did not cause any thermal damage to thyroid
tissues; therefore, slower mast cell degranulation was probably
due to critical laser energy doses inside the tissue. It is known
that laser radiation has stimulating effects at doses below
5 J/cm?, while higher doses have an inhibiting effect. This is
however true only for superficial wounds and tissue cultures
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